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An Individual Analysis of Existing Environmental
Assessment Techniques

Annexe 1.0

An Individual Analysis of Existing
Environmental Assessment Techniques

This annexe contains a detailed analysis of the most relevant comparative environmental
assessment methods to that envisaged as an outcome of the thesis. It is from this individual
analysis that the overall appraisal in chapter 2.0, An Appraisal of Existing Modelling
Techniques, is based.

1.1

United Kingdom Environmental Assessment system

Whereasother environmentalassessmentmodels are voluntary in the United Kingdom, the
EnvironmentalAssessment(EA) regulationscan be a mandatorypart of the developmentof
a project. They were instituted as a direct responseto, and based almost to the letter upon,
the EuropeanCommission'sDirectiveon ElAs, first publishedin its adoptedversion in 1985.
It provided a flexible framework of basic EIA principles to be implementedin each member
state. The Directiverequiresthat:
the environmentalimpact assessmentshall identify,describe and assess, in an
...
appropriate manner ... the direct and indirect effects of a project on:
human beings, fauna and flora,
soil, water, air, climateand the landscape,
the interactionbetween the[se] factors
....
material assetsand cultural heritage.'
A screeningprocess was also evolvedto determine which projects should be subjectto EIA,
by virtue of size, nature or location. In the United Kingdom EA projects are divided into two
categories: Schedule One, of projects to which require an EA in every case, and Schedule
Two, of projects to which an EA may be required dependent upon significant effects upon
the environment. An urban housing project would never fall into Schedule One. An
appendix includes projects to which an EA may be appropriate;it states that in urban areas,
an EA is not required on previously developed land unless the project is of a much greater
scale than the previous use of the land. Also, an EA may be required if the site is within an
urban area and has not previously been intensively developed, where the site is more than
five hectares or there are significant numbers of existing dwellings in close proximityto the

Wood, Christopher. EnvironmentalImpact Assessment-A ComparativeReview,London: Longman
Scientific& Technical, 1995.
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site.2 The new Directive,issuedin 1996,doesreducethe size of projectsthat are to be
considereddownto individualbuildings,althoughtheseare only large-scalebuildings,such
as retailcentresandentertainment
complexes.
Within the Directive, the general nature of the content of the EIA is specified, and it
establishesa minimum level of informationto be provided:
descriptionof the projectcomprising informationon the site, design and size of the
-a
project
descriptionof the measures envisagedin order to avoid, reduce and, if possible,
-a
remedy significantadverse effects
the data required to identifyand assessthe main effects that the projectis likely to
have on the environment
non-technicalsummary
-a
In addition, where the individual member states implementing the Directive consider it
necessary,the following can also be demanded:
baseline environmentalconditions
likely significantenvironmentaleffects of the project:
direct
indirect/secondary/cumulative
short/medium/longterm
permanent/temporary
positive/negative
of mitigatingmeasures
indication of difficulties encounteredin compilingthe information3
Whilst the United Kingdom EA is unlikely to be applicable to an urban housing project, it
provides one context of which the ecological impact of a project is thought to have been
considered. In this sense, it can provide one foundation on which to build a matrix of
assessment for the urban house in paradise. The definition of what constitutes the
environment of the United Kingdom EA does not overtly include the social and economic
environment, which the house in paradise matrix does seek to do. The EA is very
generalised in its definition, through the need to be appropriateto a diverse range of project
types; therefore it could only be considered as a very generalisedfoundation, predicatedon
the specific direction of assessingthe ecologicalfootprint.

9 Department for the Environment, Environmental Assessment
-A Guide to the Procedures, London:
HMSO, 1989.
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1.2

The Environmental Standard - Homes for a Greener World and

Ecoftmes
The Building Research EstablishmentEnvironmentalAssessment Methods (BREEAM)are
quantified models that aim to determine the overall environmentaJimpact of a variety of
building types, including a model predicated to housing.4 This was first published in 1991,
and in 1995 was superseded by the EnvironmentalStandard award.5 It aims to provide a
model for assessing new single household dwellings in terms of the impact on global
atmospheric pollution, the local environment, resource depletion, internal environment and
the impact of climate change, taking into account building materials, products and process
of construction,
Each dwelling design is assessed against a set of criteria; the assessmentconsiders each
criterion in its own right, without relation to any others, as opposed to an element within a
holistic framework. A 'score' is then attributedthrough a system of accreditation,based on
compliance with a pre-set agenda. For example, for some of the criteria, such as C02
production due to energy consumption, the BREEAM model provides quantitative values
that could be interpreted as benchmarks. The EnvironmentalStandarddocument proposes
criteria which could be included in future versions of the assessment model, such as: the
energy, and associated C02 emission, content of building materials, the use of renewable
energy sources, lifecycle material/energyrequirements, external appearance - aesthetics,
density, and ventilation effectiveness.
Concerns over the scope and accuracy of the Environmental Standard model have been
identified.Amongst these are omissions in regard to the embodiedenergy in the production
of building materials and the erection of the building, and the reliability of some of the data
included. In addition, the model has no holistic appraisal of the lifecycle of a project, from
extraction of materials, through construction and inhabitation, to deconstruction or
demolition."

As identifiedabove, the model provides no crossover of information between the criteria. In
3 Wood,

Christopher. Op. Cit., p. 39.
1 Prior, J. J., G. J. Raw and J. L. Charlesworth. BREEAWNew Homes - Version 3191 - An
EnvironmentalAssessment for New Homes, Garston: Building ResearchEstablishment,1991.
1 Prior, J. J. and Paul B. Bartlett. EnvironmentalStandard - Homes for a Greener World, Garston:
Building ResearchEstablishment,1995.
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terms of assessingthe criteria against a common scale, the EnvironmentalStandard model
does acknowledge that it would be possible to use a common unit of measurement,and
proposes cost, but goes on to identify difficulty in assigning economic cost to, for example,
health and climate warming. The matrix of the assessment of the criteria of the 'urban
house in paradise', as oppose to quantifying each benchmark in terms of a common unit of
measurement, proposes to create an integrated model that creates the crossover the
Environmental Standard model lacks, but retaining individual units of measurement. As
identified previously, it is important to define what each benchmark is being measured
against; the consequential effects will be quantified in the unit of measurement specific to
that criterion.
The criteria within the EnvironmentalStandard are divided into three groups: Global issues
and use of resources, local issues, and indoor issues. In order to ensure a sufficient
breadth of reduction in the environmental impact of a dwelling achieving the award,
compliance requires that a mandatorynumber of criteria from specific categorieshave to be
fulfilled; the basic requirementis five global and one indoor criteria.
Another cdticism that can be made of the Environmental Standard is that it does not give
any significance to the criteria that are analysed; no emphasis is attributed to the more
critical criteria. Some, such as carbon dioxide emissions arising from energy consumption
and the use of recycled materials in construction may provide signdicantlygreater benefits
to sustainabilitythan others, such as the storage of recyclable matedals and the inclusionof
a house logbook. It is only in a geographical sense, from the grouping of the criteria, that
the Standard identifies distinctions between them. Therefore,of two projects with the same
numberof credits, one might be more sustainablethan the other.
in May 2000, during the period of the research, the Building Research Establishment
launched the EcoHomes assessment model for dwellingS.7 This was a re-issue of, and
superseded,the EnvironmentalStandard,and like the Standard is a version of BREEAMfor
dwellings. EcoHomesconsiders broad environmentalconcerns of climate change, resource
use and impact upon wildlife; issues are grouped into seven categories for assessment:
energy, water, pollution, materials, transport, ecology and land use, and health and wellbeing. However, like the Environmental Standard,the assessment is still feature specific,
Golton, Bryn. 'SustainableDevelopment,the 'Green' Agenda and Building'
Rao, Susheel, Alan Yates, Deborah Brownhill and Nigel Howard. EcoHomes- The Environmental
Ratingfor Homes,London:ConstructionResearchCommunicationsLimited,2000.
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and is based upon acknowledgingthe inclusionof attributesthat are consideredto improve
the ecologicalsustainabilityof a project.
One advance that EcoHomes has made over the Environmental Standard is that, like
Envest considered below, it uses Ecopoints to quantify the performance of the assessed
building; these are a unit of measurement developed by the Building Research
Establishment. An Ecopoint is a single unit measurement of environmental impact;8 100
Ecopoints equates to the equivalent impact of one citizen of the United Kingdom over one
year. A score is determined by dividing the impact, for example C02 emissions,by the C02
emissionsarising from the average UK citizen over one year;Qthis value is then multiplied by
a weighting to give an Ecopointscore.'o Other impacts included in the Ecopoint scoring are:
acid deposition,ozone depletion,pollution, and resourcedepletion. However, Ecopointsare
a very abstract unit; they give little indication of the actual environmental impact that a
building with a certain score will have. It is a specific intention of the thesis to develop a
method of assessment that quantifies a dwelling's impact, through benchmarking, rather
than presenting it in an abstract form. They also give little incentive, over creating more
environmentally sensitive buildings, to reduce the score; whereas showing energy
consumption in standard units will demonstrate the potential cost savings in addition to
environmentalones. This may be of significant value in persuadingclients to adopt higher
performance standards. However, the approximate nature of the operational energy
calculationby Envest may render quantificationin real units difficult.
There are shortcomings
Standard.

in the assessment that were present in the Environmental
For example, energy consumption is only quantified through consequent C02

emissions; the wide variety of emission factors for different fuel types means that a dwelling
with space and water heating fuelled by gas could consume more than double the energy of
one fuelled by electricity and achieve an equal rating.

Therefore although assessing a

dwelling both in terms of energy consumption and C02 emissions might initially be perceived
as double counting, this demonstrates the value in doing so.
8 Dickie, Ian and Nigel Howard. "Assessing Environmental Impacts of Construction - Industry
Consensus, BREEAM and UK Ecopoints', BRE Digest 446, London: Construction Research
CommunicationsLimited,May 2000.
9 The impacts from one citizen are determined by dividing the national emission values by the
populationof the country. Clearly these values will need to be updatedperiodicallyas the population
increases and emissions change; in the case of greenhouse gas these should fall. This process is
proposedto be conductedonce every two years.
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The majority of the criteria used in the Ecol-lomes assessment are the Same as those in the
Environmental Standard; however, the performance required to achieve equal recognition is
more stringent.

For example, the assessment of C02 emissions has become more

accurate, and instead of awarding maximum recognition for a dwelling causing 50 kgCO2.m2 a-', the assessment awards its lowest rating for that level, rising to a maximum recognition
for net emissions of 0 kgC02- M-2a".

The assessment of water consumption has also

become more accurate, and is based on predicted actual consumption, as opposed to
acknowledging the inclusion of efficient appliances.

Although the BRE propose that the assessment can be made at any stage in the design
process, the evaluation is undertaken by an external assessor, and therefore limits the
applicabilityof the assessmentas a design tool.

1.3

Envest

In May 2000, shortly after the release of EcoHomes, the BRIE launched the Envest
assessment tool. Although predicated on office buildings, Envest is included here as it
provides one of the most advancedcomparativesfor the assessmenttool envisagedfor the
'urban house in paradise'. In the format of a piece of computer software, it enables a
designer, at an early stage in the design process, to make informed decisions on the
environmentalperformanceof the building.
Envest is an assessmentof the environmentalimpacts of the materials used in construction,
and of the energy and other resources consumed over the building's life span. The
programme minimises the time taken to undertake an initial, broad-brush assessmentby
using default vaJues, which can subsequently be updated to provide a more detailed
analysis; defaults are based on the level of performance required to acquire Building
Regulation approval. The material specificationcan be varied via on-screen menus, and the
thickness of materials altered. In terms of servicing, there is a choice of basic services
specification, covering heating, lighting, ventilation, water, refrigeration, lifts and catering.
These can also be varied with the options provided on menus; for example the wattage of
lights and the switching mechanismcan be changed. However, restricting the selection to
10By way of example, one ecopointis the equivalent environmentalimpact of: 320 kWh of electricity,
83 cubic metres of potable water, 65 miles by articulated truck, 1.3 tonnes of landfill waste,
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those on menus means a degree of limitation is inevitable; for example, only two types or air
conditioningare included. As a consequenceof this the operational energy calculationsare
approximate. For this reason, Envest is not intended as a replacement for BREEAM for
offices, which is conducted by trained assessors and provides a much more accurate
calculationof operational energy consumption.
One of its specific aims was to draw attention to the significance of embodied, as well as
operational,environmentalimpacts.II The embodiedenergy assessmentin Envest is based
upon the quantity of materials used in one square metre element, for example wall or roof,
and that is multiplied by the area of that element in the building being assessed. The
shortcoming of this method is that the embodied energy level is not based on the actual
quantity of material in the specific building being assessed, but on the material in a typical
square metre of masonry construction or rain screen cladding, and may not therefore be as
accurate. Its advantage, however, is that it gives a quicker assessment.

To determinethe lifecycleenergyconsumption
of the buildingEnvestmultipliesthe annual
energyconsumptionduringoccupancyby its predictedlife span,12this is then addedto the
of thiscalculationis
embodiedenergyof the materialsto producea total. Theconsequence
that if all else remainsequal,the lowerthe predictedlife expectancyof the buildingthe
higherthe scoreobtained.Thisis contradictsits originalintentionof drawingattentionto the
significanceof embodiedimpacts,and couldbe interpretedas encouragingbuildingswith
shorter life spans as they are more environmentallybenign;which might a detrimental
impacton the longevityof buildings,In his essay'The GenericCity'Koolhaasproposesthat
implyinggreatertemporalityand less
the hotel will increasinglyprovide accommodation,
13 However,is increasedtemporalityreflected in the cultural history of
permanence.
dwelling,and in minimisingenvironmentalimpact? It is not true of the colloquialism'an
Englishman'shome is his castle', which implies solidity and permanence.Also, if
architectureconsideredas a representation
of man'spresencethroughtime, and buildings,
includingdwellings,are a part of the culture, spirit, theoriesand materialsof the age,
reducinglongevitywill hasten the obliterationof that representationallegacy. Clearly,
shortingthe life spanof a dwellingminimisesthe efficiencyof the materialsfromwhichit is
manufacturing750 kg of, or 250, bricks, or 1.38 tonnes of mineralextraction.
11Interview conducted with Jane Anderson of the Building Research Establishment's Sustainable
ConstructionUnit, 16 August2000.
12A default value of 60 years is assumed,but this can be varied.
13Koolhaas, Rem. 'The GenericCity', in Koolhaas, Remand Bruce Mau. S, M, L, XL, Rotterdam:010
Publishers,1995.
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constructed,which can account for 10 percent of the energy consumed over the life span of
a typical dwelling.

1.4

Housing Ouality Indicators (1-101s)

The Housing Quality Indicatorswere developed by the architects DEGW on behalf of the
Department of the Environment,Transport and the Regions and the Housing Corporation.
The intention was to include measuresof quality in the assessmentof procedurefor funding,
broadeningthe focus from the traditional attentionon cost and regulatory standards,thereby
ensuringthat publicly funded housing achieves the best value for money, in a wider concept
of value. Although applicableto any housing development,the evolution in partnershipwith
the Housing Corporation and pilotingthe Indicatorswith social housing providers has lead to
a focus to public sector ratherthan private sector housing.
The HQls are based on location, design and performanceof the project. The assessment
views the dwelling not just as an isolated entity, but as part of a wider developmentincluding
context and surroundings. It was seen as important to relate dwelling design both to the
way in which people wish to live and to the context in which the dwelling is located, and not
just consideringthe dwellingitself. It is envisagedthat the HQIs can be applied at any stage
of the design process. At the feasibility stage HQI scores can be used as an incentive to
meet a particular standard, and subsequentlythat these targets will ensure that design and
construction decisions take account of quality; however, that would be quality only as
defined by the HQls themselves, and might not include a wider scope of value. Due to
some of the indicators being dependent upon post completion analysis, such as the
Performancein Use Indicator and noise reduction in the Unit - Noise, Light and Services
Indicator,the final HQI score can only be determinedafter the dwelling has been completed
and occupied. A shortcomingof the score being dependentupon post completion analysisis
that by the time such analysis can be made, it may be too late to improve the performance;
this is intendedto be overcome in the interim period by such Indicatorsacting as design and
constructionquality targets.
Mandatory requirements have served as contributors to the material in the indicators; the
Standard Assessment Procedure (SAP), Building Regulations, Secured by Design, and
BREEAM have all informed the evolution of the assessment method. However, the HQls
themselves do not aim to set out minimum standards, but to provide assessment within a
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range of standards. The notion that standards can continually be improved upon is an
integral part of their structure.
There are ten Quality Indicatorsin an assessment. Each of these is scored independently,
and a final aggregate score, expressed as a percentage, used to determine the project's
overall performance. The performance profile across the ten Indicators is given to
communicate particular strengths and weaknesses over the individual assessmentareas.
Each Indicator receives one tenth of the total possible aggregate score, because it was
consideredthat they all could be viewed as equally importantin creating quality. Basedon a
percentage, dependent upon the inclusion of certain attributes, the assessment is feature
specific for many of the criteria; it is a relative and not absolute measure of performance.
The ten indicators, and the sub-criteriathat are used in their assessment,are given below:14
Location:
amenities, retail, schools, play and leisure, public transport, absence of
liabilities, absence of noise sources
Site - layout and landscaping:
visual impact, layout, landscaping
Site - open space:
site security, shared areas in flats, children's play areas, private open
spaces/gardens,car parking
Site - routes and movement:
routes and movement,access to the unit
Unit - size:
area, number of living spaces
Unit - layout:
furniture spaces, access, passing and activity zones, additional desirable
features
Unit - noise, light and services:
noise reduction, quality of light, aspect and prospect, standard provisionof
service, additionaldesirable services
Unit - accessibility:
accessibilitywithin the unit
Unit - energy and sustainability:
energy use, standardsand features, sustainability,standards and features
Performance in use:
durability, adaptability, Secured by Design, user satisfaction and post
occupancy evaluation

The interlace with the assessment method is in two parts. The first is in paper form; a
booklet is used as the basis to analyse a project to determinethe performanceunder each
indicator. This data is then entered onto a computer spreadsheet to determine the
14 Department of the Environment, Transport and the Regions website, 22 August 2000:
htm
www.detr.gov.uk/housingAnformation/hqi/index.
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performanceprofile for the ten indicators, and the overall aggregate score. There is not a
computer software version that integratesthe completion of the HQI form, identifying how a
project performs against the assessmentcriteria, with the scoring spreadsheet;however this
is seen as being advantageous,and a potential developmentin the future.
Within the HQI assessment there are some contradictory or incomplete measures. For
example, when consideringthe provision of car parking, the basis for assessmentis that the
higher the provision the higher the score awarded; this would appear to be at odds with
sustainable developmentwhere, with adequate provisionor availabilityof alternativemodes
of travel such as public transport, a reduction car use, and consequent pollution, would
seem to be more in harmonywith a reductionin car parkingprovision.
Also, the energy performanceof the dwelling is measured on the basis of the SAP score,
which has limitations. For example, whilst it accounts for the incidental gains from lighting
and appliances, the assessmenttakes no account of the energy that these consume, and
therefore is not a true representation of the energy that the dwelling consumes.
Furthermore, because the SAP rating is based on both energy consumption and energy
cost, the fuel cost per unit can affect the outcome. This can lead to unusual effects; for
example, if the consumption remainsconstant, but the fuel source is switchedfrom off-peak
electricity to on-peak, the SAP score will fall; this will be interpreted by the HQl as a
reduction in the energy efficiencyof the dwelling,which has in reality remainedconstant.
During the pilot testing of the HOI assessment,conducted by a number of RegisteredSocial
Landlords, one felt that it under emphasised flats, particularly on urban brownfield sites, in
favour of greenfield housing development. This leads to the possibility of penallisingurban
housing through a reducedscore, merely by virtue of the nature of the urban environment.*'
This is clearly at odds with the current Government drive to locate 60 percent of new
housing on brownfield land, with a significantproportion in urban areas, and to discourage
greenfielddevelopment.
A significant number of the Indicators include criteria that are subjective and based on the
opinion of the assessor; this would be expected in an assessmentbased on the concept of
quality. The assessmentof such criteria is typically based on whether they are considered
'good', 'average' or 'poor'. The shortcoming of this methodology was highlighted in the
" Ibid.
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piloting, during which different assessors rated the same project with different scores.16 Yet
in performanceassessmentcontinuity and consistencyshould be prerequisite.
In conclusion, a number of the RSLs that participatedin the pilot testing consideredthe HQI
assessment to be too cumbersome and time consuming to use if it were to become a
mandatory requirement,due to the time and effort required to assess individual schemes.
This nature of response has an impact on the potential application of any assessmenttool,
regardless of whether it is proposedto become a mandatorytest. Any assessmentshould
be appropriate to use on any project; otherwise its application will be discouragedand any
benefit that it may give on the performanceof a project will be lost.

1.5

The Dutch Environmental Preference Method

The EnvironmentalPreferenceMethod (EPM) was developed in 1991, within the framework
of the Dutch SEV's (Steering Committee on Experiments in Housing) experimental
programme on sustainable living, 'Schoner Wonen.'

Its aim is to provide a tool for

comparative assessment of environmental impact of materials and products used in both
construction and refurbishment, during the design process. Over half of the Dutch local
authorities use the EPM in drawing up guidelines, and it is used as an evaluationtool in
seven EU member states.
The EPM compares materials and products for each element or application in the
constructionand refurbishmentprocess, and ranksthem accordingto environmentalimpact;
the outcome is not an absolute, valued environmentalimpact assessment,but rathera scale
of preference. Based on the structure of the Life Cycle Assessment(LCA), developed by
CIVILLeiden in the Netherlands,consideration,is given to the whole life-cycleof the material
or product,from extraction,through production, building, occupation,to decomposition. The
principlecriteria considered in the assessmentare:17
-

shortageof raw materials
ecologicaldamage caused by extractionof raw materials
energy consumption at all stages (including transport)
water consumption
noise and odour pollution

11A numberof the RSLs involved in the pilot testing were keen that subjective issues,such as site and
aesthetics,were retainedin the assessment.
11Anink, David, Cheil Boonstraand John Mak. Handbookof SustainableBuilding - An Environmental
Preference Method for Selection of Materials for Use in Constructionand Refurbishment,London:
James & James, 1996,p. 8.
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harmfulemissions
global warming and acid rain
health aspects
risk of disasters
reparability
waste

The procedureof the EPMcontains four steps, based on those of the LCA:
-

goal definition: determineavailable alternatives
Inventory: of the environmentaleffects of each alternative,in both quantitativeand
qualitative terms
classification: into five main environmentalaspects: resources,energy, emissions,
damage,and waste
evaluation- through a matrix based on the classification above, to determine the
environmental preference. There is no fixed weighting of the scores for each
aspect, as relevanceis not the same for each application and therefore cannot be
cross-referred

Considerations such as cost and aesthetic value do not have any implication in the EPM
assessment or preference rating, which will become criteria within the matrix of the 'urban
house in paradise'. However, the development of the EPM model, in terms of new
constructionprojects, was based on several experimentaltrials, in both the Netherlandsand
Germany, and most of the pilot studies were based on the requirement of achieving
sustainable buildingwithin existing budgets.
The EPM concentrateson the environmental effects arising from the choice of materials of
construction and renovation; within the occupation phase of the life-cycle, the model
considers only effects on health and quality of the indoor environment, it does not take
account of pollution that arises from the inhabitation of a dwelling in terms of water and
energy consumption. The method is intended to be complimentary to models such as
BREEAM, that consider the implications of the building in use in terms of, amongst other
criteria, energy consumption,waste and pollution.

1.6

Danish Manual on Environmental

Management

In Project

Design

Developed on behalf of the Danish Environmental Agency the Manual on Environmental
Management in Project Design aims to establish common guidelines for environmental
management in project design of building and construction work. The process recognises
that environmental impacts should be evaluated over the life span of the project, although
acknowledgesthat this lifecycle appraisal is a new area of study. It also stresses that
an Individualanalysisof e)dsbngenvironmentalassessmenttechniques-5.2.01:
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reducing environmental impacts is most successfully achieved at the brief and design
stages; that it must add new aspects to a project and the basis for decision-makingduring
the project. In this way, environmental planning should be integrated into work typically
associated with defining a project and designing its solution.18 In terms of responsibilitythe
majority falls on the contractor,who is requiredto have sufficient understandingto formulate
an environmentalpolicy, and to assist in formulating environmentaltargets.
The Manual provides a working methodology for environmental management; it is based
upon three fundamental concepts; environmental impacts, environmental effects and
remedialor preventativemeasures. An environmentalimpact is any impact the building has
upon the environmentduring its construction and life span; in short the resourcesconsumed
and pollution or waste emitted from the building throughout its lifecycle. Environmental
effects are the visible consequencesof environmentalimpacts on resources, human health
and the externalenvironment. The criteria proposed by the Manual are:
Materials:

Emissions:

Health
effects: cancer

energy,through fossil fuel consumption
raw building materials,in particular non-renewable
water
to the atmosphere
to water
to earth, contamination
solid waste
poisoning

reproductionand birth injuries
injuries to nervous systems
accidents
physical attrition
hearing damages
psychologicalstress
headaches
rashes
allergies and hyper-sensitivities
respiratorydisorders
lack of comfort
Environment greenhouseeffect
effects: destructionof ozone layer
smog formation
acidification
deteriorationof habitat
loss of biodiversity
toxic impactson air, aquatic environmentand soil

As the criteria are aimed to encompass impacts arising from the construction of any
18 BPS.

Manual on Environmental Management in Pro*t

Design - Methodology Description,
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structure, they are very generalised, and the Manual recognises that a process to scope
them into those relevant to each specific project should precedetheir incorporationinto the
management strategy. A significant attribute of the methodology is that it recognises the
importance of considering the impacts and effects arising from the building or structure
throughout its lifecycle.

1.7

Eco-Quantum

Developed by the IVAM in Holland, Eco-Quantumis an environmentalassessmentmethod
based on a lifecycle assessment of materials. Rather than the EPM, which suggests
preferences for materials for various elements in the construction process, Eco-Quantum
calculates a score based on the environmental impact of the materials used. The
assessment covers the environmental consequences of material choices and water and
energy consumption. The assessmentuses two independent programmesto determinethe
impact of materials used, and the energy consumption of the dwelling; however it does not
create automated linkages betweenthese two fields.
To reduce the time taken to conduct an assessment,standardenvironmentalimpact profiles
are used for different constructionmethods. As a consequenceof which, the assessmentof
a dwelling is based on the assumed quantity of material for each given construction
element, rather than basing the assessment on the actual total quantity of material from
which the dwelling is constructed, and will consume additionally during maintenance
throughout its life span.
The scoring of a dwelling by Eco-Quantum is based upon eleven environmental effect
scores, rather than quantifyingthe performancein absolute terms, in a form such as energy
consumption in kWh.M-2a" or embodied energy in kWh.M-2;the effect scores include raw
material depletion, and ecotoxicity. The effect scores are then converted into four
environmentalindicators: raw material depletion,emissions,energy consumptionand waste.
These four indicators are used as the basis for comparingthe performanceof one dwelling
against another.

Taastrup: BPS-Centre,1998.
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1.8

BEPAC

The Canadian Building Environmental Performance Assessment Criteria (BEPAC)
programme was initiated in Canada in 1993, and is predicated toward the assessmentof
new and existing office buildings. The criteria are structuredinto five primary 'environmental
topics': ozone layer protection, environmental impact of energy use, indoor environmental
quality, resource conservation,and site and transportation. Each topic contains a series of
criteria, and these, if required,can be dividedfurther into sub-criteria. A total of seventy4ive
building criteria and sub-criteria create the complete model; both quantitative and 'feature
specific'criteria are adopted.
The basis for each evaluation is the standard achievable by best practice methods. Each
criteria is evaluated on a point scale, valued between one and ten; for criteria divided into
sub elements, the ten points are divided among them. Points awarded are on of three
types. in some 'feature specific' criteria, full points are awarded for the presence of the
feature, or for compliance with a threshold value; a scale of points is awarded for criteria
based on a continuum, such as ventilation rate; the points award increase as the effort to
achieve them increases, accordingto a prescribed algorithm; upper limits of performance
demand a ten point score, for example zero ozone depletion substance,whilst compliance
with current standard practice scores zero.
An attempt is made to recognise the relative significance of different criteria, through
weightings placed on the point assessed to reflect its significance, or its priority relative to
other criteria within the same topic area. The relative weightings for the criteria were
derived through filtering them through a set of relative considerations that indicate their
relative importance, scale and urgency in global and health terms. The total weighting for
each specific section, for example environmentalimpact of energy use, is always 1.00; that
value is then broken down attdbuting each criterion under that topic with a relative
significance. Evidently,this meansthat criteria can only be comparedwith others under the
same topic; it was consideredthat, given the fundamental differences between topic areas,
it was not desirable to apply weightings between them. The weightingsfor the criteria were
derived by considering them against a set of conditions, specific to each topic, that
assessed their importance, scale and urgency in both global and health terms.".

The

programme ultimately assigns a value calculated through the multiplication of the point of
each criterion by its weighting. Therefore comparatives can be drawn between criteria
" Ibid.
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within each of the five topics; it was not deemed meaningful,or possible,to apply weightings
betweenthe topics, due to their differences.
A disadvantage of BEPAC, is that by breaking all of the criteria down into five independent
categories,and weighting those categoriesindividually,without the potential for comparison
between them, the opportunity for a holistic output is diminished. This focuses attention
away from the notion of environmental performancebeing a holistic, interrelated concept,
when that is a fundamental quality of sustainabilfty.

1.9

Green Builder Program - Residential

The Green Builder Program was initiated in 1992 for residential buildings in Austin, Texas.
Criteria are structuredinto four primary 'resource issues':
Water
Energy

indoor water use
outdoor water use

solar heating and cooling: mechanicalsystem
solar heatingand cooling:thermal envelope
lighting, applianceand general electrical needs
water heating
Materials
structuralframe
foundation
floor
walls
window, door and trim
roof
finishes and adhesives
insulation
Solid Waste
solid waste: in plot
solid waste: within the dwelling
Each topic area contains a total of 135 assessed building features, evaluatedagainst seven
categoriesof criteria. Points are applied through a separateprotocol to establishthe relative
'sustainabilityvalue,' by referencing six categories: source, process, use, recycle/disposal,
integration and difficulty; each of these contain a series of performance,each of which are,
typically, assignedone point. The resultant total is then multiplied by a seventh 'use factor.'
The Green Builder Program is notable in that it is the only assessment model that
acknowledgesand incorporatesthe notion of linkages between the criteria, i.e. the creative
integrationof environmentalstrategiesin the assessment.
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1.10 Factor Four
As oppose to an environmentalassessmentmodel, Factor Four representsa philosophy for
more sustainable development; it can be interpreted as a standard through which to judge
an increased level of resource productivity, and therefore can be looked upon as a
benchmark, hence its inclusion.
'Factor Four,' in a nutshell,means that resource productivitycan - and should - grow
fourfold. The amountof wealth extractedfrom one unit of natural resourcescan
quadruple. Thus we can live twice as well - yet use half as much.20
In other words, Factor Four presents the philosophy and precedents for doubling the
standardof living whilst halving resourceuse, or equally, to maintain the current standardof
living whilst consuming a quarter of the energy and materials that we currently do. The
benchmark of Factor Four could be used, for example, as a measure of the resource
efficiency of a dwelling, to ensure that the use of resources, such as energy, is aimed at
being at least four times as efficient as current practice does at present. Factor Four, and
increased resource productivity,requires integration of parts to create a significantly more
efficient whole. Therefore, as a reflection of such integration, the matrix to measure such
efficiency should consider all of the parts as an integratedwhole, as oppose to individually,
as BREEAMand the Dutch EPM models do.

1.11 The Absolutely

Constant

Incontestably

Stable Architectural

Value Scale
In 1971, the American architect Malcolm Wells argued that human values are so unstable
that objective comparatives are meaningless. He advocatedthat only the wilderness, and
specifically the forest, that existed in a particular place prior to human development can
providean absolute measureof the successof a work of architecture:
We seem to have no base other than man-centrednessfrom which to measureour
works. Our value criteria are so unstable that nothing can be objectively compared
with anything.
But there is a way to evaluate what we do. There's a cold, scientific, stable,
20Weizsacker, Ernst von, Amory B. Lovins and L Hunter Lovins. Factor Four Doubling Health,
Halving ResourceUse, London: EarthscanPublicationsLimited, 1998,p. Aix
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constant, absolute and very simple scale on which we can measure not only
but also
...
everything else that's likely to effect the environment of which we are so visibly a
architecture,

landscape

architecture,

engineering

and planning,

part. 21

Wells draws a direct comparisonbetween the wildernessand the city, on the basis that both
have the same goal: sustenance of a successful living community on the land. The
wilderness is very likely the ideal solutionto a particular environment,an ideal paradise that
can be used as an unchanging standard against which to measure solutions to the same
issuesandgoals. Perhapsthe notion of the forest can be related to Vitruvius' account of the
creation of the first dwelling house, the origin of the concept of dwelling, within a clearing
within the forest. Vitruvius' clearing was both a literal and metaphoricalcounterpoint to the
forest; a clearing createdthrough the unsustainabledestructionof the forest, an edge that is
defined in terms of the relationshipbetween the human and natural environments.
The edge of Vitruvius' clearing brought about the realisation of spatial differentiation
and the consequent valuation of spatial heterogeneity. The contrasts between
clearing and forest, between known and unknown worlds, and between sacred and
profane places were the essential hierarchical structures that made the world
meaningful.'
The fire that created the clearing, and the desire to keep it burning to preserve the locus of
Vitruvius' 'deliberative assembly,' which constituted the genesis of urbanism and the public
consciousness,further depletedthe forest and erased it presence.
The fifteen criteria of assessmentare an analogy of the attributes of the forest: a wilderness
that creates pure air, pure water, and all of the food for its inhabitants; it draws its energy
from the sun, and creates its own fossil fuels; it consumes all of its own wastes, and it
creates silence. Evaluation is made on a scale between -100 and +100; a negative score
representsa destructive effect, a positive a beneficial effect. Therefore,the paradisical ideal
score is +1500, the least desirable -1500; the forest achieves +1500. The scale of
assessment has 25 point increments that indicate the frequency with which the subject
contributes to the attribute in a beneficial or destructive way, (0 = never, -25/+25 =
21Wells, MalcolmB. 'EnvironmentalImpact,' ProgressiveArchitecture,June 1974, p. 92.
22Dripps, R. D. The First House, Cambridge, Massachusetts:The MIT Press, 1997,p. 89.
23The countries that participated in GBC '98 were: Austria, Canada (who leadthe process), Denmark,
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occasionally, -50450 = sometimes, -75475

usually, and -1004100

= always).

The

criteria are:

0
+100 to +25
creates pure air
creates pure water
stores rain water
produces it own food
creates rich soil
uses solar energy
stores solar energy
creates silence
consumes its own wastes
maintains itself
matches nature'space
provides wildlife habitat
provides human habitat
moderatesclimate and weather
beautiful

-25 to -100
destroys pure air
destroys pure air
wastes rain water
producesno food
destroys rich soil
wastes solar energy
wastes fossil fuels
destroys silence
dumps its wastes unused
needs repair and cleaning
disregardsnature's pace
destroys wildlife habitat
destroys human habitat
intensifiesclimateand weather
destroys beauty

Subsequently,Wells' framework of criteria was developed and extended by the architect
William McDonoughinto a Matrixof Sustainability,based on the headings:
-

Materials
Land Use
Urban Context
Water
Wastes
Air
Energy
Responsibility

1.12 GB Tool
The Green Building Tool (GB Tool) is one of, it not the, first second-generation
environmental assessment models. It is the outcome of a two year development process
called the Green Building Challenge '98 (GBC '98), involving international teams from 14
countries lead by the Universityof British Columbia in Canada;23aimedto stimulate debate
about the scope and role of the environmentalperformanceassessmentof buildingS.24 One
of the aims of GBC '98 was to build upon first-generationassessment models to develop a
methodfor assessingthe energy and environmentalperformancewhich would be tested on
Finland, France, Germany,Japan, the Netherlands,Norway, Poland, Sweden,Switzerland,the United
Kingdom,and the United Statesof America.
24Cole, RaymondJ. and Nils K. Larsson. 'GBC'98 and GB Tool: Background',Building Research&
Information,Volume27 Number4/5,1999.
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a range of case study buildings in the participatingcountries. This enabled the validation of
the assessment framework in terms of the aim to develop an international framework
capable of being adaptable to national or regional contexts. GIB Tool is an experimental
assessment method that is currently under development, and not as yet commercially
available. The process was an attempt to identify the correlation between an evolving
assessment system and a number of case study evaluations. In terms of its
contextualisationto national and regional circumstances,this was achieved by creating a set
of core criteria reflecting global issues that were complemented by modificationsreflecting
energy, environmentalissues in specificcountries and regions.

" environmental
The performancecategoriesof GB Tool are resource consumption,
28process' and contextualfactors.30 These
26indoor environment,
27longevity,
loadings,
genericcriteriaare supportedby sub-criteriathat are muchmore specificto an individual
buildingor region.
GB Tool also uses benchmarksas a part of the methodologyof assessment. However,
theseare baseduponthe valuesof applicableregulationsor industrynorms,as opposedto
the standardsthat are achievablein terms of best practice;this was due to a lack of
consensusin what constitutesexcellencein the environmentalperformanceof buildingS.31
Becauseof this it could be considerednot to providean incentivefor pursingstandards
targetsof
significantlyhigherthan the typicalperformanceof industry. Usingperformance
best practiceat the limit of technicalfeasibilitywoulddemonstrateto the userthe standards
that could potentiallybe achieved. Also, GB Tool uses benchmarksof the actual
performanceof a building,assessingit after completion. Althoughthis may be more
accurate,in that the predictedconsumptionmightnot equalthat of the actual,it limitsthe
potentialfor the toolto be usedduringthe designstagesto improveperformance.
Although GB Tool attempted to embody weighting between its criteria, this was judgement,
and left to the subjective opinion of each of the individual teams form the various countries
involved. A set of common considerations to be accounted for in deriving the appropriate

25Energy, land, water and materials.
26Airborne emissions, solid waste, liquid waste and other waste.
21Air quality, thermal qualtiy, visual quality, acoustic quality, controllability of systems.
26Adaptability and maintenance,
29Design and construction process and building operations planning.
w Location and transportation and loadings upon immediate surroundings.
31Ibid.
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weightings was provided;32however no methodology for their application was proposed.
Although weighting was used in the process of GB Tool, the outcome of an assessment
does not make apparent which categoriesshould have priority.33
Like the Ecopoints scoring system developed by the Building Research Establishment,GB
Tool uses an abstract, dimensionlessvalue to rate the performanceof a building, between
the value of -2 and +5, with a score of 0 representingthe typical industry performance. The
lead to the criticism that GB Tool hides, "... the real mass and energy flows which determine
effectiveenvironmentalimpact."34

32This included questions such as: is the effect upon the environmentirreversible, is the effect upon
the environment long-lasting,what number of people are affected by the issue being covered, does
the practice in question have momentumthat will require a significant degree of effort to counter? A
numberof these have a clear anthropocentricbias.
3-3Cole, Raymond J. 'Building EnvironmentalAssessment Methods: Clarifying Intentions', Building
Researchand Information,Volume27 Number 4/5,1999.
34
Ibid.
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Annexe 2.0

The Criteria for the Tool -A

Detailed

Summary
Taking each of the criteria identified in chapter 3.0 individually,the following text gives a
brief description of what each of the criteria encompasses in its consideration of the
performanceof the dwelling. The reasons as to why it has been included within the matrix
of criteria that define the 'urban house in paradise' and the sources from which it has been
derived are also commentedupon.

2.1

C02emissions during construction and deconstruction

The embodied C02 values for materials only take account of the emissions arising from
energy consumed up to delivery to site. This criterion will be an assessment of the
emissionsthat arise as a consequenceof the energy consumedby on-site processes in the
constructionand demolition of the dwelling. The energy consumed on site was proposed as
a potential issue to be considered in future revisions to the Environmental Standard
' however, the consequent C02 emissions arising from this consumption were
assessment-,
not included as a potential consideration but unarguably will have other environmental
consequencesand depending upon the fuels used will vary in magnitude.The criterion was
not included within EcoHomes,the subsequentrevisionof the EnvironmentalStandard.2

2.2

C02emissions during inhabitation

Carbon dioxide (CO,) accounts for around 87% of the relative contribution of the
anthropogenic greenhouse gas emissions in the United Kingdom.3 Approximately 50
percent of theC02emissions in the United Kingdom can be attributed to energy use in
buildings, and 60 percent of this, or 30 percent of the total, can be atthbutedto the dwelling
stock.4 AsC02 is producedthrough the combustion of fossil fuels, the level of emission will

I Prior, J. J., G. J. Raw and J. L. Charlesworth. BREEAMINew Homes - Version 3191 - An
EnvironmentalAssessmentfor New Homes, Garston: Building ResearchEstablishment,1991.
2 Rao, Susheel,Alan Yates, Deborah Brownhill and Nigel Howard. EcoHomes- The Environmental
Rating for Homes, London:ConstructionResearchCommunicationsLimited,2000.
3 West, John, Carol Atkinsonand Nigel Howard. 'Embodied Energy and Carbon Dioxide Emissionsfor
Building Materials,' Paper presented at the CIB Task Group 8 conference on 'Environmental
Assessmentof Buildings,' 16-20 May 1994,at the Building ResearchEstablishment.
4 Shorrock, L. D. Future Energy Use and Carbon Dioxide Emissions for UK Housing: A Scenario,
Building ResearchEstablishment,July 1994; and Department of the Environment,Transportand the
criteriafor the tool -a detailedsummary-5.2.01:=

be directly related to the energy consumed by the dwelling during the period of its
inhabitation, however it will not solely be dependant upon this, which is one reason as to
why it has been included as a separate criterion. The quantity Of C02 emitted for each
kilowatt-hourof energy consumedcan vary considerably,for example, 0.21 kg C02 for gas,
and 0.75 kgC02 for mains electricity. Thereforethe level of emissionwill also be dependent
upon the fuel types used within the dwelling. Due to the significantecologicalimpact of CO.
emissions, this will also be a useful indicator of, at least in part, the sustainability of the
dwelling.

2.3

Carbon Intensity

The level of carbon emissions arising from for space and water heating appliances are
affected by the efficiencyof the heating system and its control methods, by the type of fuel
being used, and also the thermal performanceof the envelope;the latter are considered in
other criteria. The carbon intensity can therefore be defined as the ratio of total carbon
dioxide emissions from the heating system to the total useful heat output for space and
water heating, over an annual cycle.5 It is a measureof the efficiencyof the performance
of the heating system that takes account of the fuel type that is used; the latter point is
significant because the carbon intensity of different fuel types can vary significantly.
Researchers at Leeds Metropolitan University proposed that carbon intensity be integrated
into future revisions the Building Regulations,8 and it is therefore relevant in defining the
performanceof the dwelling.

2.4
This

Construction period
is a measure

depending

upon the

of the time
typology.

Construction

Best Practice

construction

period

construction

for

taken to construct
Initially

Programme

benchmarked

cost, although

highlighting

the

a dwelling

Construction

Task

and the Movement
reduction

principally

other benefits

or a block of dwellings,
Force, 7 followed

for Innovation,
as

a

source

by the

identified
of

the

reducing

such as less noise, disruption

and

intrusion. 8 The Building Research Establishment is currently conducting research into the

Regions. 'Building A Sustainable Future - Homes for an Autonomous Community,' General
information ReportNumber 53, London:DETFI,1998.
Personalcommunicationfrom Robert Lowe, Leeds MetropolitanUniversity,December1999.
Lowe, Robert and Malcolm Bell. Towards Sustainable Housing: Building Regulation for the 21st
Century,Leeds: Leeds MetropolitanUniversity, 1998.
The ConstructionTask Force. RethinkingConstruction,London: HMSO,July 1998
ConstructionBest PracticeProgrammewebsite, 1 May 2000: www. cbpp.org/themes/suscon
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effect of the transportation of site workers to and from site; " reducing the construction period
would lessen impacts arising from this. Both of the Millennium Community competitions, in
Greenwich and Allerton Bywater, proposed benchmarked reductions in construction time.

2.5

Contextual significance

of the site

This criterionis of criticalimportancein termsof the retentionof culturalheritage. It is of
particularrelevancedue to the predicationof the thesis upon urbanhousing,wherethe
contextualsignificanceof the site is likelyto be greaterthan on a greenfieldsite. Its aim is
is givento the surroundingbuildingsand urbangrainin the
to ensurethatdue consideration
development
of theproject'sdesign.

2.6

Deconstruction and demolition: recycling of materials

The matrix of criteria is concerned with profiling the performanceof the dwelling throughout
its lifecycie, from constructionthrough inhabitationand then its demolition at the end of that
lifecycle. If the 'urban house in paradise' is to be constructed on a site occupied by an
existing building, then the recycling of demolition materials can occur at both the start and
end of the cycle. The recycling of materials from demolition has two advantages: reducing
raw material extraction,and reducing the quantity of material disposed of through landfill or
incineration. This criterion will be a measurement of the percentage of the materials that
arise through demolition that are recycled. Although none of the existing environmental
assessments analysed in Chapter 2, volume 1, or Annexe 1.0, volume 3, included an
evaluation of the potential recycling of demolition material, research has been undertaken
on this subject both in the United Kingdom and in Europe."

2.7

Design life span

As stated above, the matrix of criteria is concerned with the 'urban house in paradise'
throughout its lifecycle, the length of that lifecycle is one of those concerns. The longer the
life of the dwelling the more efficient the use of materials and energy, and consequent
pollution emissions,that were used in its construction. Also, prolonging the life span of the
9 Personal communication with Suzy Edwards of the Sustainable Construction unit of the building
ResearchEstablishment,5 October 1999.
11The majority of input for this criterion and its benchmarkhas come from researchconducted by the
Building Research Establishment,notably: Hobbs, G. and R. Collins. 'Demonstrationof Reuse and
Recycling of Materials: BRE Energy Efficient Office of the Future,' IP3/97, BRE Information Paper,
Building Research Establishment,February 1997; Collins, R. J. 'The Use of RecycledAggregatesin
Concrete,' IP 5/94, BRE InformationPaper, Building ResearchEstablishment,May 1994;and Lawson,
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dwelling will create greater net savings in energy consumption during inhabitationthat arise
through the increased embodied energy used to improve its thermal performance. The
designed life expectancy will have an impact upon the material specificationof the dwelling;
materials or componentswith life expectancies shorter than that of the dwelling will have to
be replaced, at a financial and embodied energy cost. The life span benchmark will be a
design life expectancyfor the dwelling, basedon data for the life expectancyof the materials
from which it is constructed;" there are British Standards on the minimum design life
expectancyfor different building types that can form a baselinevalue."

2.8

Density: quantitative

is the numberof
The quantitativemeasureof the densityof a housingdevelopment
dwellingsthat occupya givenareaof landandis therefore,in effect,a measureof the
thattherearecriticallevelsof densityrequiredfor
efficiency
of landuse. It is recognised
bothin termsof providing
criticalmassof population
andtheefficiency
of land
sustainability,
13 Densitycanbe measured
in a numberof ways,suchas
use,whichis a finiteresource.
peopleper hectare,dwellingsperhectareandhabitableroomsperhectare.Thereforea
the benchmark
as onethatcanbe usedconsistently,
and
criticalissuewillbe to determine
densityalso
is responsive
to issuessuchasdemographic
change.Theissueof quantitative
hascontemporary
mostnotablybroughtaboutby the recentUrbanTaskForce
relevance,
PolicyGuidance
(PPG)3.15
report"'andreissueof Planning
2.9

Density: qualitative

However,density also has a qualitative dimension. In urban locations,the dwelling is likely
to be sited within an existing grain of urban fabric. There may be a predominant scale or
form to this fabric, to which a response should be considered. Therefore the qualitative
criterion of density will consider to what extent the design of a dwelling or project has
consideredthe surroundingdensity, if it is appropriate.

W. R. 'Design for Deconstruction,' First InternationalConference on Buildings and the Environment,
Building ResearchEstablishment,1994.
11Research Steering Group of the Building Surveyors Division and the BRE. Life E)q)ectanciesof
Building Components,London: The Royal Instituteof CharteredSurveyors,August 1992.
12British Standards Institute. BS7543 - Guide to Durability of Buildings and Building Elements,
Productsand Components.
" Jencks, Mike, Elizabeth Burton and Katie Williams. The Compact City -A Sustainable Urban
FormZ E&FN Spon, 1996; and McLaren, Duncan, Simon Bullock and Nusrat Yousuf. Tomorrow's
World,London:EarthsGan,1998.
14 UrbanTask Force. Towardsan UrbanRenaissance,London: E&FN Spon, 1999.
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2.10 DIversity
Programmaticdiversity is a measureof the range of different functions that are on a site;
these are more likely to be prevalentin an urban location,where there is a wider population
to support non-residentialfunctions. The criterion is included to encourage a move away
from mono-functionalhousing development,typical of greenfield estates, which encourages
car use. Therefore it is a criterion that can have an impact on the wider sustaJnabilityof a
neighbourhoodbeyondthe scope considered by the matrix of criteria that define the 'urban
house in paradise', as discussed in Chapter 3.0, volume 1, by attempting to influence the
behavioural patterns of residents. This is a criterion derived by the thesis, influenced by
writings of Hans Kollhof.'6

2.11 Domestic waste recycling
Currently the predominant volume of domestic waste is disposed of through landfill-,very
little, approximately 6.5 percent,17is recycled. Just as for recycling demolition materials,
increasingthe proportionthat is recycledwould reduce the volume sent to landfill, as well as
the extraction of raw materials that could otherwise be provided by recycled materials.
Landfill waste has a number of impacts upon the environment, such as methane emissions
that contribute to the green house effect and leachate emission that can cause local
pollutionand land consumption.
Evidently,the recycling of domestic waste cannot be guaranteed through the design of the
dwelling, as it is to an extent dependant upon the lifestyle of the inhabitantsto carry out that
recycling or at least segregationof materials. However, the dwelling should provide facilities
for the recycling of a benchmarkedproportionof the total domestic waste; this might include
the provision of space for the separation and storage of different categories of waste or
composting facilities.18 If the project is of a sufficient scale, then proposals could be made
for the private collection and recycling of separated waste, which would reduce the reliance

11DETRwebsite, 9 March2000: www.planning.detr.gov.uk/ppg3/.htm
16Kollhoff,Hans, 'Urban BuildingVersus Housing,'Lotus, Number66
17Departmentof the Environment. 'Authoritative MunicipalWaste Statistics Released',press release,
9 June 1997.
" Prior, Josephine J. and Paul B. Bartlett. EnvironmentalStandard Homes for a Greener World,
London:ConstructionResearchCommunicationsLimited, 1995.
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on inhabitants or local authorities. 19 Therefore this criterion will be based upon a percentage
of the weekly production of domestic waste that should be recycled.

2.12 Ecological significance of the site
Whilst it has been acknowledged above that land is a natural resource, the value of that
resourcecan vary depending upon a number of factors, includingthe ecological significance
of the land. The criterion was included in the Building Research Establishment's
Environmental Standard to discourage building upon ecologically valuable sites.20 The
criterion has also been establish through contemporary influences, such as the
Government's ambition that 60 percent of the 3.8 million new dwellings required by 2021 to
be built upon brownfield, or previously developed, land, and the millennium community
competitionsboth of which were sited upon contaminatedbrownfieldland.
The re-use of previously developedland will assist in reducingor arrestingthe destructionof
natural habitat and the biodiversityit supports. However,it should not be assumed that just
because land is brownfield it would have a low ecologicalvalue; if it has been derelict for a
long period of time it may have been colonised by wildlife.

2.13 Ecological weight: embodied energy
Embodied energy is defined as the energy used in the production and transportation of the
materials from which the dwelling is constructed.This would be consumed in the extraction
of raw materials, the processing of these into building materials or components, and
transportationat all stages up to delivery on site.2' Embodied energy is typically quantified
in terms of energy per unit mass of the material. The Ecological Weight is conceived as a
measureof the total quantity of embodied energy that is used to produce the materials from
which the dwelling is constructed. Although an established concept Envest, which is
dedicated to office buildings, is the only environmental assessment method in the United
Kingdomto quantify embodiedenergy.

"I This is the scenario that is being developed for the reduction of domestic waste disposal by 50
percentat the MillenniumCommunityin AllertonBywater.
20Prior,Josephine J. and Paul B. Bartlett. Op. Cit.
21CIB Task Group 8. Buildings and the Environment - Proceedings of the First International
Conference,at the Building ResearchEstablishment,May 1994.
M
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2.14 Ecological weight: embodiedCo2emissions
As the embodied energy demands of material production are virtually exclusively fulfilled
through the burning of fossil fuels, there will be a consequent C02 emission from their
consumption;this is what is understoodas the embodiedC02 emissions.22 It is a value that
will be dependant not only upon the level of energy consumption,but also on the fuel types
used as different fuels produce different quantities of C02 for the same amount of energy
produced. This will therefore serve as a complimentary value to that of the embodied
energy, ensuring that the materials used, whilst reducingthe quantity of energy embodied in
the dwelling, do not lead to increasedlevels of C02 emission,

2.15 Energy consumption: construction processes
This criterion will be an assessment of the energy used in the on site processes in the
construction of the dwelling, as the embodied energy only takes account of the energy
consumed up to the site gates. As with the criterion Of C02 Emissionsduring Construction
and Deconstruction,it was proposed in the EnvironmentalStandard as an issue potentially
to be included in future versions of the assessment,but is not included in EcoHomes, its
subsequentrevision.

2.16 Energy consumption: Inhabitation
In a lifecycle analysisof the energy consumption of a dwelling, by far the highest proportion
is consumedduring the period in which the dwelling is inhabited.23 Thereforea critical factor
in the overall performanceof the dwelling will be a measureof the quantity of energy that is
consumed by the dwelling during its occupation. The total value will be made up from a
number of contributing sources of consumption, although primarily these will be space
heating, water heating, lights and appliances, cooking and pumps and fans.24 Evidently the
potential influence that a designer can have over these different sources will vary; for
example consumption from appliances may be largely or wholly dependent upon the
occupants of the dwelling, and therefore beyond the scope of the designer. There will also
be indirect influences from other criteria, such as the thermal performanceof the fabric and

22CIB Task Group 8, Ibid.; and Butler, David and Nigel Howard. 'From the cradle to the Grave',
Building Services,November1992.

23Typically between 85 and 90 percent of the lifecycle total.
2" BRECSU.
'Building A Sustainable
Future - Homes for an Autonomous
Information Report 53, London: HMSO, October 1998. These are the criteria
breakdown the energy consumption of dwellings.

Community, ' General
used within GIR 53 to
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the air tightness of the structure, both of which will have a consequentialeffect upon the
space heating consumption.

2.17 Energy generation: Inhabitation
This criterion will assess the contribution made to the energy consumptionof the dwelling,
during its period of occupancy, that is generated from renewable, non-polluting sources of
energy that are a part of the dwelling. Such sources could include photovoltaicpanels or
wind turbines. The only assessmentof the performanceof dwellings that includes energy
generation through renewable sources is the SAP assessment,which only measures the
contributionof solar water heatersto the water heating demand.25

2.18 Green space
The provision of green space in conjunction with the development of buildings was
perceived as valuable for a number of reasons. Firstly, to provide spatial counterpoint,
particularly in the context of increasingdensity; net density does not include the provision of
strategic open space. Secondly, it will provide potential habitat for wildlife, and can
therefore be consideredin conjunctionto the criterion of EcologicalSignificance of the Site.
Thirdly, plant life assimilates C02 and therefore green space can assist in offsetting
emissionsarising as a consequenceof embodied and inhabitationenergy consumption.
The criterion will assess the provisionof an area of green space in proportionto the scale on
the building proposed. The type of space could range from a number of individual private
gardens to a semi-private communal area to a public open space. It is a criterion that has
been evolved through the research and does not, as far as has been possible to ascertain,
have a precedent in other assessments.

2.19 Lifecycle cost
In the past costs incurred by buildings has been all but exclusively been quantified in terms
of the initial construction cost, particularly in the case of dwellings were the client
constructing the dwelling is not the long term occupier and therefore not responsible for
maintenance costs. The Construction Task Force and the Construction Best Practice
Programme have both identified construction cost for benchmarked reduction; however
25 Department of the Environment, Transport and the Regions. The Government's Standard
Assessment Procedure for Energy Rating of Dwellings, London: Construction Research
CommunicationsLimited, 1998.
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attention has also begun to be given to lifecycle costs. This is a measure of the cost of the
dwelling throughout its lifecycle. It therefore includes the initial construction costs and then
running costs, such as energy and water bills, throughout the life span of the building.
There is an increased focus on the issue of lifecycle costs, not least through the temporal
shift from construction to lifecycle cost reductions by the Construction Task Force and
Movement for Innovation,28 and in the increasing drive of sustainability. The focus on
lifecycle, ratherthan merely construction,costs has advantageswhen studyingthe benefit of
improved efficiency, where the benefit a higher capital cost can be justified through longterm savings in reduced runningcosts.

2.20 Nitrogen oxide emissions from gas boilers
Oxides of nitrogen (NOx) are produced as a result of the burning of fossil fuels. Through
combination with water in the atmosphere they produce nitric acids, and are thereby
associated with the production of acid rain. Different fossil fuels produce different levels of
NOx dependant upon the nitrogen content, however the level produced is also dependent
upon the burningtemperatureand the efficiencyof the appliance. Thereforedifferent boilers
can producedifferent levels of NOxemissions, hencethe inclusion of this criterion.
This criterion was derived from the Environmental Standard,in which 'Boilers with reduced
emissions of oxides of nitrogen' is proposed as an issue to be considered in future
versionS.27 It was integrated into the EcoHomes assessment, the revised edition of the
Standard,published during the research in May 2000.

2.21 Other ecological Impacts of materials
The energy consumed in the extraction, production and transportation,and the consequent
CO. emissions, will not be the only ecological impacts of the matedals from which the
dwelling is constructed. This criterion was proposed in the Environmental Standard as a
potential issue to be considered in future revisions, and has been integrated, to some
degree, in EcoHomes. Other environmentalconsequences of materials include: spoliation

26The Movement for Innovation briefly altered the benchmarked reduction target from construction to
lifecycle cost, and then subsequently revised it back to construction cost. The construction Task
Force. Rethinking Construction, London: HMSO, July 1998; and, Movement for Innovation websde, 30
June 1999: www. m4i. org. uk
27Prior, Josephine J. and Paul B. Bartlett. Op. Cit.; confidential draft proposals for the revision to the
1995 Environmental Standard, September 1999; Rao, Susheel, Alan Yates, Deborah Brownhill and
Nigel Howard. EcoHomes - The Environmental Rating for Honw, London: Construction Research
Communications Limited, 2000.
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of the natural environmentduring extraction,depletion of natural resources, and the release
of pollutants.

2.22 Other greenhouse gas emissions
Whilst C02 is the most significant gas that contributes to the greenhouse effect, others also
have an impact; these are: methane, chlorofluorocarbons and hydrochlorofluorocarbons,
tropospheric ozone and nitrous oxide. 26 The emission of a quantity of these can arise from
the processes associated with the construction or inhabitation of a dwelling, such as
methane from landfill waste or tropospheric ozone created through the burning of fossil
fuels.

One of the reasons that C02 is the most significant greenhousegas is the quantity in which
it is created. In terms of relative effectiveness of contribution to the greenhouse effect,
measured per kilogram, these others can be many times more destructive.29 Therefore, if
the emission of C02is cut significantly,then the relative contributionof these other gases to
the greenhouse effect will increase. The critehon attempts to assess both the sources of
these gases and the quantity of gas emitted.

2.23 Pollution: energy consumption during Inhabitation
the quantities
AswithC02emissions,
of pollutionemissioncreatedbytheburningof fossil
fuels,suchascarbonmonoxide,
particulate
matterandsulphurdioxide,willvarydepending
uponthe type of fuel.30 This criterionis intendedto assessthe levelof thesepollution
in termsof theoveralllevelof energyconsumption
emissions,
andthebalance
of fueltypes
thatareusedto fulfiltheenergyconsumption
duringinhabitation;
thisaimsto
of thedwelling
levelsof pollution
ensurethattypesarenotusedthatcauseexcessive
whenalternatives
are
theabsolutelevelof emission,
thisvaluewill be relative,
available.Ratherthanassessing
in termsof thequantityof pollutionemittedperkilowatthourof theoverallenergy
assessed
Thisis a
consumed,
sothatit is independent
of the overalllevelof energyconsumption.
duringtheresearch,
in other
criterionthathasbeendeveloped
anddoesnothaveprecedent
assessments.
environmental
28 Henderson, G. and L. D. Shorrock. Greenhouse Gas Emissions and Buildings in the United
Kingdom', 1172190,
Building ResearchEstablishment,April 1990.
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Rodhe, Henning. 'A Comparisonof the Contribution of Various Gases to the GreenhouseEffect',
Science,8 June 1990.
30Howard, Nigel, Suzy Edwardsand Jane Anderson. BRE AlethodoAogy
for EnvironmentalProfiles of
ConstructionMaterials, Componentsand Buildings,London: ConstructionResearchCommunications
Ltd., 1999.
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2.24 Procurement strategy
The procurement strategy defines the methods or processes through which the 'urban
house in paradise' is realised. In Rethinking Construction principles are put forward for
alternative procurement strategies, as oppose to competitive tendering, to produce best
value and innovation in the construction industry, and with specific reference to housing."
The principal criticisms of competitive tendering are of its focus towards lowest initial price,
and its lack of ability to differentiate between lowest price and best value; competitive
tendering is perceived as conducive to the fragmentation and adversarial nature of the
United Kingdom construction industry. The criterion considers more innovative ways in
which to procure the 'urban house in paradise', with reference to initiatives such as the
millennium community competitions, and with particular reference to the way in which it is
defined, as a matrix of benchmarks.

2.25 Quality of Internal environment: Indoor pollution
The Canadian Residential Energy Efficiency Database makes recommendationson the air
quality of the internal environment-32The Environmental Standard included a mandatory
credit for 'hazardous materials' for the purpose of eliminating possible health risks and the
unnecessaryuse of wood preservatives;it covered four materials:formaldehydeemissions,
wood preservatives,asbestos and paints with added lead.33 In dwellings with very low air
leakage the potential problemsof indoor air pollution could be exacerbated. Thereforethere
is justifiable cause to propose more demanding standards for high performancedwellings
than might otherwise be consideredsufficient. In terms of the 'urban house in paradise'the
criterion considers the use of potential sources of indoor pollution through the use of
materials that may emit harmful substances, rather than achieving a specific level of air
quality based upon post-completiontesting.

2.26 Ouality of Internal environment: daylight
Most people invariably prefer natural as opposedto artificial light. Increasingthe quantity of
daylight in the dwelling will reduce the need for artificial light, with a consequent reductionin
energy consumption. However excessive window size would lead to both excessive heat
loss, as windows are not as thermally efficient as waJIs,and excessive solar heat gain in
" The ConstructionTask Force. RethinkingConstruction,London: HMSO, 1998.
32FIesidential
Energy EfficiencyDatabasewebsite, 21 July 1999:www.fts-canada.com/reedAaq/no.
htm
33Prior,Josephine.J., Paul B. Bartlett. Op. Cit.
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summer months, to the detriment of the comfort of the inhabitants. Therefore it is important
to relate the area of window openings to the energy consumption criterion, both through
losses and gains. Daylight was included in the Environmental Standard, and its subsequent
re-issue, requiring that dwellings meet the relevant British Standard. The criterion of the
'urban house in paradise' will assess the average daylight factor the habitable rooms within
the dwelling.

2.27 Quality of Internal environment: ventilation and air tightness
The quantity of energy required for space heating is dependent upon the heat loss from the
dwelling; there are two principle sources of heat loss: thermal heat loss through the fabric,
which is discussed below, and the infiltration of external cold air. Collectively this criterion
considers the two sources of external air to the interior of the dwelling, ventilation and air
tightness.
Ventilation considers the controlled rate of fresh air that is provided to the interior of the
dwelling. A sufficient quantity is required to replace stale air inside the dwelling and
therefore to maintain a comfortable, healthy internal environment; however, an excessive
level will result in unnecessary heat loss. There are two forms of ventilation to consider,
passive, or natural, and mechanical. The SAP assessment of the energy efficiency of
dwellings includes an approximate evaluation of the heat loss from both natural and
mechanical ventilation.34
Structural infiltration is the uncontrolled passage of external air into a building through the
fabric of its envelope. The air tightness of the fabric envelope has been identified as one of
Homes, the
the largest factors contributing to heat loss from dwellings.31 BREEAM17Vew
previous issue of the EnvironmentalStandard,containeda value for air tightness; however it
was omitted from the next two re-issues. As a criterion of the 'urban house in paradise' air
tightness also contemporaryrelevance;the proposedrevision to the Building Regulationsin
England and Wales, due to come into effect during 2001, include potential air tightness

34Departmentof the Environment,Transportand the Regions. Op. Cit.
35Lowe, Robert and Malcolm Bell. TovmrdsSustainable Housing: Building Regulation for the 21st
Century, Leeds: Leeds Metropolitan University, 1998; and BRECSU. 'Review of Ultra-Low-Energy
Homes- Ten UK Profiles in Detail,' General InformationReport 39, London:HMSO,March 1996.
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36Thecriterionconsiders
levels.
theairtightness
ofthefabricthroughtherateof air lossthat
leaksoutofthedwelling
whentheinterioris pressurised.
2.28 Recycling of construction waste
Waste arising from the constructionand demolition industry amountsto 7 percentof the total
annual waste arising in the United Kingdom.37 There is a proportion of the waste from
construction sites that is unavoidable, sometimes referred to as the 'natural' waste, and
therefore it is not technically feasible to prevent all constructionwaste. However research
and empirical studies suggest that the quantity can be substantially reduced from current
levels.38 Of the amount of waste that cannot be eradicated, a high proportion can be
recycled; just as for recycling of domestic waste, increasingthe proportion that is recycled
would reduce the volume sent to landfill, as well as the extractionof raw materialsthat could
otherwise be provided by material from recycled sources. The criterion will consider the
amountof waste arising as a consequenceof the construction of the dwelling.

2.29 Recyclability of building: adaptability
Adaptability, as a criterion, is a measure of the ability of a dwelling to respond to changing
needs over time. This emerged as a criterion to be included in the assessmenttool during
Drawn Study Two, which considered, among other issues, the potential adaptability of an
urban building. It is also included within the GB Tool assessmentmethod, an experimental
tool currently under development,31and within EcoHomes, in which it is highlighted as a
criterion that can be considered for inclusion over and above those in the assessment but
which is not included in the evaluation itself.

2.30 and 2.31

Space standards: area and volume

This is a measure of the quantity of internal space within a dwelling, both in terms of the
total net internalfloor area, and the volume of space enclosed by the floor, walls, and ceiling
or roof, in relation to the numberof inhabitantsthat dwellingis design to accommodate. It is

36 Department of the Environment,Transport and the Regions. The Building Act 1994 Building
Regulations- Proposalsfor Amending the Energy Efficiency Provisions-A Consultation Paper Issued
by Building RegulationsDivision,London: HMSO, June 2".
37Madden, Pauline. Sustainable Waste Management,unpublished BSc Construction Management
thesis, LiverpoolJohn Moores University,1997.
38Madden, Pauline. Op. Cit.; and Skoyles E. R. and John R. Skoyles. Waste Preventionon Site,
London: Mitchell, 1987.
39Cole, RaymondJ. and Nils K. Larsson. 'GBC '98 and GB Tool: Background',Building Research&
Information,Volume27 Number4/5,1999.
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conceived as a minimum standard, and not to proposethat larger space standards should
be discouraged.
The issue of space standards was most notably highlighted by Parker Morris in respect to
social housing.40 As a criterion to be included in the evaluation of the performanceof a
dwelling, this emerged from the work undertaken in Drawn Study 4, Allerton Bywater: The
Scale of the Dwelling. The decision was taken to use the benchmarked construction cost
savings to provide a larger dwelling for the same sale cost. Both area and volume were
considered as affecting the space standard, the latter particularlyso as space is perceived
as a three dimensionalenvironment. In addition, increasingthe volume of the dwelling lead
to improved air circulation and daylight penetration. To a lesser extent, the criterion is
consideredin the HousingCorporationsassessmentHousingQuality Indicators.41

2.32 Thermal performance
The thermal performanceof the dwelling is a measureof how well the fabric of its envelope
resists the passage of heat from inside to outside. It can, therefore, be a significant factor
affecting the overall energy consumption of the dwelling in a northern European context.
Within England and Wales, the Building Regulations ensure a mandatory standard of
thermal performancefor new dwellings, either for the individual elements or as an overall
value for the envelope.42 Research has been conducted into potential advances in the
standard of the Regulations, particularly in the context of the much higher standards that
exist in other countries, notably Scandinavia.43 Therefore it is an obvious criterion to be
includedwithin a performancematrix of the'urban house in paradise'.
The standard unit of measurementfor the thermal performance is the U-value. This is a
quantificationof the rate of flow of heat, per unit area, from the warm side of the element to
the cold side, and is mostly dependant upon the thickness of the element's component
materials, and their respective thermal conductivity; the surface resistances of the element
will also have a contributory effect.

40Walentowicz,Paul. Housing Standardsafter the Act
-A Survey of Space and Design Standards on
HousingAssociation Projectsin 1989190,London:National Federationof Housing Associations,1992.
41 Department of the Environment, Transport and the Regions website, 22 August 2000:
htm
www.detr.gov.uk/housingAnformation/hqi/index.
42Departmentof the Environmentand the Welsh Office. Approved DocumentL, HMSO' 1995.
43Lowe, Robert and Malcolm Bell. Towards Sustainable Housing: Building Regulation for the 210
Century,Leeds: Leeds MetropolitanUniversity,1998.
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2.33 Use of reused or recycled materials
In the stocks and flows analysis of the lifecycle of a dwelling, used in chapter 3,0 in volume
1 to identify the criteria considered here, the principle cyclic as opposed to linear element
was the reuse or recycling of materials. This could occur at both the construction stage of
the dwelling's lifecycle, recycling materials from other buildings to construct the 'urban
house in paradise', or at the demolition stage, recycling or reusing materials to create
another building. Maximisingthe use of materials from recycled sources will minimise the
depletion of primary resources. Partial recognitionis given by the EnvironmentalStandard
for the use of demolition waste, recycled aggregates in concrete and recycled materials in
masonry construction. If the strong linearity in the lifecycle of the dwelling is to become
increasingly cyclic, then significant attention will need to be made to the lifecycle of the
materialsfrom which the dwelling is constructed.

2.34

Use of renewable raw materials

In situationswherethe use of reusedor recycledmaterialsis not viable,then primaryraw
materialswill have to be used. In a contextof the continualdepletionof the earth's
development,it is importantthatthe matrixof the 'urbanhouse
resourcesby unsustainable
in paradise'ensuresthat wherethe useof primaryraw materialsis necessary,theyare from
a renewablesource. The 'urbanhouse in paradise'will, therefore,not contributeto the
furtherexploitationof the earth'sfinite naturalresourcesand can be consideredsustainable,
"
definition.
at leastunderthe Brundtland

2.35 UtIllsation of local resources
As has been discussed within the thesis, sustainability extends beyond the boundaries of
just ecology; it also has social and economic dimensions. The utilisationof local resources
in the 'urban house in paradise' is a criterion that will reflect this. Transportation can
account for a significant proportion of the total embodied energy of the dwelling; therefore
using local materials will help reduce overall embodied energy content, and therefore
emission arising from transport also. However, resources go beyond only the material.
Whilst using local materialswill aid the local economy,the utilisationof human resources will
also benefit both social and economic sustainability. Therefore the utilisation of local
resources, in terms of both materials and personnel, can benefit the social and economic
sustainability of the local region, in addition to the local and global sustainability of the

criteria for the tool -a detailedsummary-5.2.01:

0

dwelling.
However, this criterion should be considered in the context of others. For example, whilst
the use of local materials might initially seem advantageous,there may be more serious
ecologicaldisadvantagesthat outweigh any benefits if, say, the processesof extracting the
local materials are particularlyenergy intensive, or have other serious ecologicalimpacts.

2.36 Water consumption during construction
One of the ways in which the construction period of the dwelling could be reduced is the
minimisingof wet trades. Increasingthe use of dry constructionmethods will have the dual
advantageof both potentially increasingthe rate of constructionand reducing the quantity of
water consumedon site.
Although commonly considered to be a limitless supply, water is a natural resource; its
production, provision and disposal consumes energy, and therefore fossil fuels, resulting in
resource depletion, C02 emission and pollution. Its inclusion as a criterion emerged during
the development of Drawn Study Five, in considering how to increase the rate of
construction on site. Within the context of the 'urban house in paradise' the criterion will
evaluate the quantity of water consumedin the constructionof the dwelling.

2.37 Water consumption: Inhabitation
The mean level of domestic water consumption in the United Kingdom is 9.6 billion litres
each day; this is predictedto increase by between 10 and 20 percent in England and Wales,
without accounting for the effects of climate change.45 The potential impacts of climate
change include reduced supply and availabilityof water, in particular in the south and east.48
As identified above, water is a natural resource, the purification, supply and disposal of
which consumesenergy and therefore causes pollution.
A feature-orientated assessment of water consumption was included within the
Environmental Standard, awarding credit for the inclusion of low consumption appliances,
ratherthan basing the evaluation on the total predicted level of consumption.The Canadian
" World Commission on Environment and Development. Our Common Future (The Brundtland
Report),Oxford:Oxford UniversityPress, 1987, p, 43.
11Roaf, Dr Susan and Dr Peter Spillett, in Roaf, Dr Susan and Vivien Walker (eds). 21AD : Water,
Oxford:Oxford Brookes University,1997.
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Residential Energy Efficiency Database also highlighted the issue of water consumption
during the period of occupation. The Green Builder Programme, developed in the United
States of America evaluates the building in terms of both its internal and external water
consumption.
The criterion will evaluate the quantity of water consumed by the inhabitants whilst
undertaking the rituals of dwelling. It will also consider the potential ways in which that
consumption can be minimised, and through this analysis propose reduction targets.
Methods of water harvestingwill be considered,such as rainwater collectionand grey water
recycling, as alternativesto the use of mains, potable water of drinking quality to supply all
sources of consumptionwithin the dwelling. The use of rainwater and grey water has many
precedents, including the Vales autonomousdwelling in Southwell,refer to 5.2 in volume 1,
and both of the millenniumcommunity competitionwinning submissions.

46Departmentof the Environment,Transportand the Regions. Climate Change: The UK Programme,
London: HSMO,1997.
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Benchmark Analysis of the Criteria

Annexe 3.0

Benchmark Analysis of the Criteria

This annexe contains the analysis undertakento establish benchmark valuesfor each of the
criteria that define the'urban house in paradise', which were proposedcollectivelyin chapter
4.0, Benchmarking the 'Urban House in Paradise'. The text that precedes each value
provides a descriptionof the foundation that has been used to derive each respective value.
For example, this might be the increase in performancethat is theoreticallypossible over the
current standards of dwellings constructed in the United Kingdom, or that which has been
demonstrated as achievable by European best practice, but has not disseminatedinto the
constructionindustry in the United Kingdom.
Following this a methodology is proposed for assessing each of the criteria. This is to
ensure that a like for like analysis can be undertakenwhen comparingthe performanceof a
dwelling with the 'urban house in paradise' to maintain consistency between different
appraisals. The methodology of assessment for the most significant criteria that are
evaluated by the tool is developed substantiallyfurther; refer to Chapter 9.0, Design of the
Tool, in volume 1.
In the conclusion, a benchmarkvalue is proposed. Whereverpossible, this is accompanied
by values that demonstrate the performance of a 'typical' speculative dwelling built by a
national house builder to the standards required by the current Building Regulations, a
comparativedwelling that demonstrates best practice in a Europeancontext, and one of the
DrawnStudies undertakenduring the first stages of the research. The intention is to provide
a context in which the increase in performanceproposed by the benchmarkcan be seen. In
terms of the 'typical' speculative dwelling, it also provides data for the prioritising of the
criteria. This acts as a control, baseline value, from which to calculate the reduction in
ecological impact achievedwhen moving from the standardof the 'typical' dwelling to that of
the'urban house in paradise'.
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3.1

Carbon Dioxide Emissions:

Inhabitation

The greenhouse eff ect, with its consequent impactof climatechange, is considered as one
of the greatest environmental effects that man has had upon the planet. The relationship
between greenhouse gases, includingC02, and global warmingis well established, and was
predicted in the first instanceby the Swedish physicist and chemist Svante Arrhenius (18591927) in a paper published in 1896. In the late 1980s, the Intergovernmental Panel on
Climate Change (IPCC) was established to determine the implications of the perceived
changes in climate. The IPCCsuggest that to stabilise our climate would require reductions
of greenhouse gas emissions in the region of 60 percent worldwide.' It is estimatedthat the
period availablefor achieving this target is approximately50 to 60 yearS.2
At the 1992 Earth Summit 154 states signed the Framework Convention on Climate
Change, which includes the demand that signatory states stabilise greenhouse gas
concentrations, '... adlevels preventing adangerous human interactionwith the climate.' It is
considered that if current trends continue, levels of carbon dioxide (C02) concentrations are
certainto be reached that will very dangerously interfere with global climate.3 Parties to the
United Nations FrameworkConvention on Climate Change (UNFCCC)held in Kyoto, during
December 1995, adopted the Kyoto Protocol. This sets out targets for Europe to reduce its
emissionsof the six primarygases that cause climate change. This target is to cut emission
by 8 percent belowthe levels of emission in 1990, by the period between 2008 and 2012.
Evidently this is somewhat below the targets identified by the IPCC. The reduction of
greenhouse gas emissions is, therefore, a part of the agenda of the 'urban house in
paradise.'
The level of domestic C02emission at present is approximately 157 million tonnes; the goal
4
by the year 2010 is approximately134 million tonnes. Since the Kyoto Earth Summit, the
Government in the United Kingdom committed itself to go beyond the demands of the
Kyoto Protocol, setting the target of a 20 percent reduction of 1990 levels of domestic
emissionsby 2010.5This is somewhatbelowthe IPCCtarget of 60 percent reductions. In a
recent change to the Building Regulations,the Government set out to achieve a 25 percent
' IntergovernmentalPanelon ClimateChange. The IPCC Scientific Assessment, London: Cambridge
University Press, 1996.
2Weizsacker, Ernst von, AmoryB. Lovins and L HunterLovins. Factor Four DoublingHealth, Halving
Resource
Use, Earthscan PublicationsLimited, 1998.
3
Ibid.
4Departmentof the Environment,Transportand the Regions. A Better Quality of Life
-A Strategy for
SustainableDevelopmentfor the UK, London: HMSO,May 1999.
5 Lowe, Robert and Malcolm Bell. Towards Sustainable Housing: Building Regulation for the 21st
Century,Leeds: Leeds MetropolitanUniversity, 1998.
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reduction in C02 emissions by proposing for the first time that the revised Part L of the
Regulations, on energy efficiency, apply to the refurbishment of existing buildings when
changes to windows and heating system are made. 6

Approximately50 percent of the C02 emissions in the United Kingdom can be attributed to
energy use in buildings, and 60 percent of this, or 30 percent of the total, can be attributed
to the dwelling stock.7 In addition, C02accounts for around 87 percent of the relative
contribution of the anthropogenic greenhouse gas emissionsin the United Kingdom."
The current level Of C02 emissions created by the typical product of the United Kingdom
housing industry, during its period of inhabitation, is summarised in the following table,
based on a three-bedroom semi-detached dwelling built to current Building Regulation
standards. Through the analysisof space standards,from which it has been determined that
the three-bedroom semi-detacheddwelling has a mean floor area of 84.2 M2, this can be
translated into valuesof kgC02per M2. This information demonstrates the maincontributors
to emissions during the habitation period of the dwelling's lifecycle, and therefore can be
used to target where the greatest reductions maybe created.

Carbon DioxideEmission

Source
kqC

Space heating

,

mrcent

kg CO,.

M-2

1,506

36

17.8

Hot water

864

20

10.3

Cooking

125

3

1.5

Pumosand tans

96

2

Liqhts and appliances

1,650

39

1.1
19.6

Total

4,241

100

50.4

Table of C02 emissions for typical three-bedroomdwellingbuilt to current standards.9

The C02 emissions arising during the period of inhabitation are primarily due to energy
e'DioxideEmissionsGiven NoQuarter', Building Design,16 June 2000.
Shorrock, L. D. Future Energy Use and Carbon Dioxide Emissions for UK Housing: A Scenario,
Building Research Establishment, July 1994; and BRECSU. 'Building A Sustainable Future - Homes
for an AutonomousCommunity,' GeneralInformationReport Number53, HMSO,1998.
" West, John, CarolAtkinson and NigelHoward. 'Embodied Energy and Carbon Dioxide Emissions for
Building Materials,' Paper presented at the CIB Task Group 8 conference on 'Environmental
Assessment of Buildings,' 16-20 May 1994,at the BuildingResearchEstablishment.
' Departmentof the Environment,Transportand the Regions, General Information Report Number53,
London: HMSO,1998.
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generation, through the burning of fossil fuels to create the energy consumed within the
dwelling either within the dwelling itself or at power stations. In the case of the latterthere are
also upstreamfactors to be accounted for, such as the energy consumed in the extraction of
fossil fuels, and the inefficiencies of generation and distribution. Furthermore, different
fuels have different levels of emission, or emission factors, for equal amounts of energy
provision. In addition to this are the emissionscreated by energy consumption during the
extraction, processing, transport, erection, deconstruction and disposal or recycling of the
materialsused during construction, however, these are considered under the chterion of
EcologicalWeight: Embodied C02 Emissions,refer to Annexe 3.14. The generation of the
energy consumed through the provision and disposal of water for a family of four releases
approximately 200 kg C02 per annum.111 Because of these interrelated factors, C02
emissionsare an excellent example of a criterion and benchmark value that are dependent
upon the consequential effects of other criteria.
Research published by the Building Research Establishment has studied the level of energy
use, and consequent C02 emissions, from dwellings in the United Kingdom, and potential
reductions that are achievable. " Two proposals for reductions were made: the first was from
cost effective energy efficiency improvements to the 1987 housing stock, i.e. those with an
adequate payback period; and secondly was the energy consumption and C02 emission
reductions adsing from the technically feasible improvements to the housing stock. The C02
emissions after cost effective measures were taken was predicted as a 25 percent reduction
of the 1987 emission levels attributable to dwellings (173MtCOO, and the emissions after
technically feasible measures were taken was predicted to be 35 percent. 12 However, it
must be born in mind that these improvements covered aPof the housing stock, rather than
just improving new build standards. As improvements to older, more inefficient housing
stock will have a more significant impact in increased efficiency pro rata, caution should be
exercised in interpreting these figures into benchmarks.

Researchat the Building Research Establishmentalso made predictions of how emissions
will change over time. Ris suggested that, under current trends of growth and improvements
in comfort levels, such as increased use of central heating, C02 emissions arising from
dwellings will, after the year 2000, rise at a rate below 1 percent per annum, from a level of
approximately 162 MtC02. Dividingthis by the total number of dwellings equates to 7,398
kgC02per dwelling. If this is the case, then the growth in C02 emissions approximately
" Shouler, M. Cý, J. C. Griggs and J. Hall. Water Conservation, Garston: Building Research
Establishment, November1998.
" Shorrock, L. D. and G. Henderson. Energy Use in Buildings and Carbon Dioxide Emissions,
Garston: BuildingResearchEstablishment, 1990.
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follows the prediction made for the increases in consumption and emission arising from
household growth made by the thesis.
This scenario was subsequently updated13and revealed a drop in emissions arising from
dwellings; this was primarilydue to the use of updated electricity emission factors of the
1995 publication 'Energy Projectionsfor the United Kingdom' Energy Paper 65.14 The new
level proposed was approximately145MtCO2. Accompanyingthis updated scenario, which
was again based on current trends, was one based upon increased uptakes in energy
efficiency measures, such as insulation standards, glazing standards and water and space
heating efficiency. The rateof adoption of the efficiency scenario was based on the fastest
uptake rates that had been observed being sustained until reaching a saturation level, at
which point all dwellings, or all dwellings to which the measures were appropriate, had
adopted the measures. The reduction in C02 emissions arising from the scenario of
increasedefficiency standards was 13 percent of the emissions predicted by the current
trend scenario by the year 2020. In 2016, at which point it is possible to predict the total
number of household in the United Kingdom, the reduction was approximately 12 percent,
and the new emissionfigure was 123.3MtCO2. Thistranslatesto afigure of 4,689 kgC02per
dwelling. Of course, this also relatesto the upgrading of existing housing stock, most of
which is at present highly inefficient. The majorityof the dwellings in the United Kingdom
today were built before thermal insulation requirement was integrated into the Building
Regulations. The efficiency scenario of this research serves to bring the level Of C02
emission arising per dwelling to just over 10 percent that of a dwelling built to current
Building Regulation standards. Therefore, any significant reduction in the overall C02
emissionswill demandthat new dwellings produce greatly reduced levelsofC02The EnvironmentalStandardassessmentmodel attributed a credit rating in terms of the level
OfC02 emission produced by adwelling due to energy consumption, in terms of the period
of inhabitation, not including construction or demolition. These figures were based on floor
area, and given in three ranges of total floor area of the dwelling. These figures can be
interpreted as an initial benchmark, of what is considered as a relatively high standard in
comparisonto conventional practice,to be refined by further primaryand secondarystudies.

" Ibid., p. 50.
13Shorrock, L. D. and J. E. Dunster. Eneigy Use and Catbon Dioxide Emissions for UK Housing: Two
Possibie Scenarios,Garston-.Building ResearchEstablishment, Wy 1997.
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One credit is mandatoryto achieve the awardof the Environmental Standard, it require an
emission in the region of:
Floorarea (m2)

CO, production (kgCO,.M-2 a-')

<50

31

50 to 100

30

>100

29

A second credit can be obtained by achieving the following standard:'5
Floorarea (m2)

CO, production (kgCO,.M, 2. a-')

<50

21

50 to 100

19

>100

17

The reduction in C02 emission between these two standards, i.e. typical practice and best
practice,is approximatelyat least31.2 kgC02-m"'.a-', or 62 percent.
EcoHomes,the subsequent revision of the EnvironmentalStandard, published during this
research,extended and advancedthe reduction in emissions required to achievethe award
of a credit; the greater the reduction that is made, the higher the score awarded. The
maximumlevel of emissionsthat would achieve recognition was reduced to 50 kgCO,.m-'.a-'-,
this drops in incrementsof 5 kgCO,.m-I.a-'to zero, for which the maximumscore is given. 11
in the recent publication 'Building A Sustainable Future - Homes for an Autonomous
17
Community,, proposals were considered for the viabilityof the zero C02 dwelling, which
,
would create no net emissions of C02 on an annual basis. In this case any contribution to
CO, emissionsarisingfrom the consumption of any non-renewable energy sources must be
compensated for through exporting sufficient renewable energy to compensate for the
emissionsassociatedwith the imported energy. A dwelling that achieves these parameters
"Department of Trade and Industry. 'Energy Projections for the United Kingdom' EnergY Paper 65,
London:HMSO,1995.
15Prior, Josephine. J., Paul B. Bartlett. Environmental Standard - Homes for a Greener World,
Garston: BuildingResearchEstablishment, 1995, p. 6.
"' Rao, Susheel, Alan Yates, Deborah Brownhilland Nigel Howard. EcoHomes The Environmental
Ratingfor Homes,London: ConstructionResearchCommunicationsLimited,2000.
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would almost fulfil the Factor Fourcriterion of being a net exporter of energy.
General Information Report 53 proposes that a zero heating dwelling,

utilising 40W
mechanical ventilation with heat recovery, a 30 percent reduction in water use, and fitted with
the most efficient lighting and appliances available on the market, would achieve a
consequent CO, emission level of 2.5 tonnes per annum. Assuming a typical floor area of
84.2 M2 determined through the analysis for the Space Standards benchmark, this can be
,
translated as a benchmark of 29.7 kgC02-m-2.aý'.

To achievethe reductions of 60 percent put forward by the IPCC,to create a stabilisation in
levels of atmospheric CO, will put significant demands on new housing. A 60 percent
reduction from that of the typicaldwelling built to current regulatorystandards would equate
to a benchmarkof 20.16 kgC02,M.2-a7'-"However, because the thermal performanceof the
existing housing stock is so poor, the improvements in new dwellings will be required to be
even higher, in order to counteract the effects of the existing, inefficient stock. However,
there are precedents for such improvementsin performance. The new Kronsberg Urban
District is a large-scalehousing project being constructed in Germany,in close proximity to
the Hanover Expo 2000 site. It is proposed that the 6,000 dwellings, accommodating
around 15,000 people, will reduce C02 emissions by 60 percent of that which might be
expected from atypical Germandevelopment of acomparable scale.10
The initial winning submission to the Greenwich

Millennium Community Competition

proposed a net benchmark of zero C02 emissions. The benchmark of an 80 percent
reduction in energy consumption can be used to determine the gross C02 emission
benchmark. 20 If the value of 50.4 kgC02- M-2a7l is taken as a typical mean value, then the
gross emissions can be speculated as 10.1 kgC02- M-2.a7l. However, the net zero C02
emission has been eradicated from the current benchmark targets for the project, and the
first phase of the dwellings are likely only to achieve a 65 percent reduction in energy
consumption '21equating aC02emission of 17.6 kgC02, m-2.a-'.

A comparativebenchmark based upon best practice in northern Europe can be provided by
PassivHaus in Darmstadt,which alsoserves as the comparativein the Energy Consumption:
" Departmentof the Environment,Transportand the Regions. 'BuildingA Sustainable Future Homes
for an Autonomous Community,' General Information Report Number 53, London: Construction
ResearchCommunicationsLimited, 1998.
This is 40 percent of the 50.4 kgCO,.M2 a-determined in the table above.
HanoverOnlinewebsite, 14 December1999:
www.expo.hanover.de/english/tourist/weltauss/welt_han/exponate/ýoko-kro.htm
20Baldock, Hannah. 'Can Prescott Savethe VillageT, Building,8 October 1999.
21Spring, Martin. 'Prescott's VillageRises SlovAyFromthe Mud', Building, 15 December2000.
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Inhabitation benchmark. The energy use for the dwelling was measured as a total of 32
kWh.M-2a*', of which 10 was attributed to space heating which was provided by a gas-fired
condensing boiler; gaswasalso used asthe fuel for cooking. 22 The emission factors for the
respective fuel types can be used to approximate the consequential gross C02 emissions
form the dwelling; the value will approximate because the electricity will be based upon the
emission factor for electricity in the United Kingdom, which may differ from that in Germany.
This equates to a benchmark of 15.9 kgCO2.M-2.awl.

The level of C02 produced during the period of inhabitation VAIIbe dependent upon two
factors, the first is the level of fuel consumed to serve the dwelling, and the second is the
type of fuel consumed. The first will be affected by the efficiency of the dwelling. The
second factor arises because different fuel sources produce different levels of C02
emission;this is demonstrated in the followingtable. It is necessary,therefore, to define not
only the level of energy consumption for the dwelling, but in addition the type of fuel
consumed in order to determine the C02 emission. The table below shows the different
emission factors for a number of fuels commonly used for fulfilling the energy demands of
dwellings.

FuelType

CO, emi sion (ka CO, per kWh delivered)

Electricity

Oý75

Coal

0.31

Fueloil

0.28

Gas

0.21
W, emission by fuel type delivered23

The benchmark level Of C02 emission of the 'urban house in paradise' will, therefore, be
informedby the benchmarkof Energy Consumption: Inhabitation,which is given in the table
below.

22BRECSU. 'Review of Ultra Low Energy Homes -A Series of UK and Overseas Profiles,' General
InformationReportNumber38, London: HMSO,February1996.
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Function

Energy consumption (kWh.M-2

Space heatinq

-a-')

12
includedabove

Hot water
Pumpsand Fans

3

Cooking

3

Lights and Appliances

7

Total

25

Energy Consumption:Inhabitationbenchmarkof the'urban house in paradise124

If, as benchmarked under the criterion of Energy Generation: Inhabitation,the assumption is
made that 100 percent of the energy consumption of the dwelling is provided by renewable
sources, then none of the energy consumption of the dwelling is provided by fossil fuels. If,
however, that benchmarkwere not achieved then the C02emission arisingfrom the dwelling
would be:

emission (kqCO,. M-2.a-')

Function
SDace heatina
Hot water
Pumps and Fans
Cookinq
Lights and Apps
Total

gas

electricity

Combined 'best case'

2.52

9.0

2.52 (gas)

included above

included above

included above

-

2.25

2.25 (elec)

0.65

2.25

0.65 (gas)

-

5.25

5.25 (elec)
10.7

CO, Emissionsas a consequenceof Energy Consumption:Inhabitationbenchmark

The distinction between C02 emissions before and after the contribution of renewable
sources are accounted for, such as wind turbines or photovoltaic panels, is made by the
23 Department of the Environment, Transport and the Regions. The Government's Standard
Assessment Procedure for Energy Rating of Dwellings, London: construction Research
CommunicationsLimited, 1998.
24Referto Annexe3.16.
M
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value of net and gross emissions. If a dwelling uses photovoltaic panels, then a method of
storage will be necessaryfor periods when the panels do not generate the energy that is
being consumed by the dwelling, such as at night or on overcast days. This could be in the
form of batteries, but a common method is to use the mains national grid. During periods
when there is an excess of energy, because the panels are generating more than the
dwelling is consuming, the excess is supplied to the grid; during periods when demand
exceeds the supply from the panels, the grid is used to supply the shortfall. If over a period
of a year, for example, the consumption taken from the grid is less than or equal to the
energy supplied to it, then the dwelling can be described as having zero net C02
emissions.' Also, if fuels other than electricity are used within the dwelling, such as gas for
space and water heating, then the electricity generated by the dwelling will not create an
exact balance;there will stillhave been the fossil fuel consumption of the gas. The value of
gross emissions is based upon the quantity that would of occurred had there been no
supply of renewableenergy.
The concept of benchmarkingthe C02 emissionsarisingfrom the dwelling due to the energy
consumed during inhabitation has particularrelevance to the proposed revisions to the
Building Regulations in England and Wales. In the consultation document, published in
June 2000, Rwas suggested that from Stage 2, to be implemented one year after the initial
amendments, the satisfactory operating performance be defined through performance
targets of carbon emissions.26These targets could be based on either national benchmarks
for each sector, the pervious year's performance of the building being assessed, or a
combinationof these two. No quantitative benchmarkshave as yet been proposed.

Method of Assessment
As identified under the Energy Consumption:Inhabitationbenchmark,the Standard
AssessmentProcedureof energyratingdwellingsalsoprovidesa wayof determiningthe
overallC02emissionof thatdwelling,basedon the energy consumptionlevel calculated.
The disadvantages
of usingthe SAP modelto determinein level of energyconsumption
wasdiscussed,due to its lackof considerationof energyuse from lightingand appliances
whilst including the gains from these sources; however, the Building Research
DomesticEnergyModelprovidesa methodologyfor calculatingthe energy
Establishment's
ChangeUnit at the
consumptionformthese sources. Also,researchby the Environmental
26This has precedent in a number of low-energy dwellings such as the Oxford Solar House and the
Vales' Autonomous house in Southwell: refer to the case studies in chapter 5.0, volume 1-

M
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University of Oxford can be used to determine the emissions from these sources. 27

The calculation of the benchmark of C02 Emissions: Inhabitation will therefore be based
upon the level of energy consumed by the dwelling. The quantity of energy consumed by
each of the sources in the table above will qualified by the fuel that is used to supply the
source. Standard emission factors,in terms of kgC02.kWh-1can then be used to convert this
into the quantity of C02 emissions that would occur as a consequence of that energy
consumption. This will give the gross C02 emissions. The net quantity of emissions can
then be determined by deduction the reduction that is attributableto energy generated by
the dwelling. For example, if the dwelling has photovoltaic panels, the equivalent emissions
that would be createdby using mainselectricityto supply that energy can be deducted from
the gross benchmark.

Conclusion:C02from EnergyConsumption
Therefore, assumingthe best case scenario, where the fuel choice is made to maximisethe
reduction of CO2emissions, then the benchmark of the 'urban house in paradise can be
surnmarisedin the following table. However, this gross value can be cut further through
using renewablesources of energy, to a net value of zero if renewably sourced electricity is
used throughout the dwelling, but to benchmarkthis as a minimumwould dictate the use of
technology and there maybe situations in which the matrixis used where such technologies
are not appropriatefor financialor other reasons. Therefore, as for aJIof the benchmarks,this
value isa minimumperformancestandardthat can be improved upon.

Typical UK speculativedwelling

CO, emission (kgCO,.M-2. a-')
50.4

Europeancomparative: Passive Haus
DrawnStudy: 5

15.9

The'urban

10.7

house In paradise'

23.9

002 Emission:Inhabitationbenchmarkfor the 'urban house in paradise'

However, the emissions arising from the consumption of energy by heating, lighting and
26Departmentof the Environment, Transport and the Regions. The Building Act 1994 - Building
Regulations- Proposals for Arnendingthe Energy Efficiency Provisions -A ConsultationPaper Issued
by BuildingRegulationsDivision,London: HMSO,June 2000.
27Boardman,Brenda et al. DECADE:Domestic Equipmentand Carbon Dioxide Emissions - Second
Year Report,Oxford: Universityof Oxford, 1995.
M
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appliances will not be the only contribution that the dwelling will make to its overall C02
output during the period of inhabitation. Because of this there will be links to other criteria
within the matrix that have a consequent C02 emission, such as Water Consumption:
Inhabitation and Green Space. This is another respect in which the matrix of the 'urban
house in paradise' is different to existing environmental assessment models, and
demonstrates the benefits of accounting for the interrelationship between criteria; it
facilitatesthe creation of a much more realistic representation of the overall impact of the
dwelling.

Emissions from water consumption benchmark:
Providing 600 litres of water each day for a family of four creates 200 kg of C02per annum,
created by the generation of 120 kWh of energy that is required to provide it, and 100 kWh
per year consumed in treating the subsequent waste water. 28 For the 'urban house in
paradise'the level of mains water consumption is benchmarked as 6.5 litres per person per
day. Thus the energy consumed during the provision of that water will be 1.6 kWh, and the
energy consumed during the treatment and disposal of the 61.9 litres of waste water will be
10.3 kWh. This total of 11.9 kWh per person per year equates to a CO. emission of 10.8
kgC02per person per annum. This figure is unlikely to be included within the Department of
the Environment, Transport and the Regions figures otC02emissions

given above, which

focuses on emissions occurring from energy use within the dwelling, such as space and
water heating. At a mean occupancy level of 2.4 people per dwelling, 29this can be equated
to a value for the dwelling of 25.9 kgC02. a-'. This value needs to be converted into terms of
kgC02- M-2.aýl, in order that it can be added to the value derived for emissions from energy
consumption; from the Space Standards: Areaanalysis, the typical dwelling has a mean area
of 59.8 M2, and therefore, the emission level will be 0.4 kgC02- M-2.aol.

Effect of the Green Space Benchmark:
As green space is an assimilator of C02, through the process of photosynthesis, the
benchmarked provision of green space, both as a habitat and as a food provider, will
contribute to the net reductionOf C02within the atmosphere.

"' Shouler, M. C. and J. Hall. Water Conservation, Garston: Building Research Establishment,
November1998.
2"Office for NationalStatistics. Living in Britain - Results from the 1995 General HouseholdSurvey,
London:GovernmentStatistical Service, 1995.
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Research into the ecological footprint of fossil fuels has determined the most effective
assimilatorsofC02in terms of green space, which are forests, can sequester 1.8 tonnes of
carbon per hectare.30 This value can be used to determine the best case scenario for the
potential level of annualC02 absorption by the green space benchmarked to be provided for
eachdwelling.
If we take a benchmark that a space 20 percent of the floor area of the dwelling will be
provided for each new dwelling created, then for a typical occupancy of 2.4 people, this will
be 20 percent of 59.8 M2,or 11.96 M2 From the relative atomic masses, 1 kgC is the
.
3.67
kgCO..
Therefore,
the
equivalent of
assimilativecapacityof the green space will be 6.6
tonnesC02annually per hectare. This can be converted to 0.66 kgCO2/m2/annum.

Total Value
Therefore the total value from each of these criteriawill be:
Total C02

=X+Y-Z

where X "ýC02emission from energy consumption
y: --CO. emissionfrom waterconsumption
Z: --C02assimilationfrom green space
= 10.7 + 0.4 - 0.7
=10.4

kgCO2.

m-2.

a-'

This value will presumethat allof the benchmarksareachieved.

30Wackernagel,M. and W. Rees. Our Ecological Footprint, NewSociety Publishers, 1996.
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3.2

Carbon Dioxide Emissions:
Process

On Site Construction

The consumption of fossil fuels during the on-site processes of the construction of the
Iurban house in paradise' will result in consequent carbon dioxide emission. As with the
benchmark of C02 Emissions: Inhabitation, the magnitude of this value will be affected by
two factors, the quantity of energy consumed by the construction processes and, as
different fuel types produce different levels of emission per kWh consumed, the type of
fuels used. Therefore, the value of CO. emission per unit of fuel consumed must reflect the
processes of construction.
The benchmark value of the energy embodied in construction process of the typical
speculative built dwelling was determined as 150 kWh. m-2; this figure can be used to
determine an approximate value of the carbon dioxide emissions arising as a consequence
of the consumption of this energy. A mean value of an emission factor for atypical balance of
fuel types used during the construction of a dwelling can be derived from Howard; ' this
equates to a value of 0.36 kgC02. kWh-1. Therefore, an approximate value of the C02
emissions arising from the energy consumed during construction of the typical speculative
built dwelling can be determined as54.0 kgC02- M-2.

The comparative dwelling of best practice in embodied energy achieved a benchmark
estimatedto be 250 kWh.M-2.ff 15 percent of this value were used in the construction of the
dwelling on site, it would equate to a benchmark for Energy Consumption: On Site
Construction Processes of 37.5 kWh.M-2 This could be converted using Howard'sconstant
.
to aC02Emissions: On Site Construction Processbenchmark of 13.5 kgC02-M-2 However,
.
it can be assumed with anydegree of certainty that the ratio of energy consumed on site to
the total embodied energy will apply to dwellings with a very low embodied energy.
However,as the dwelling was built using very low mass construction methods, and probably
timber-framed, it will very likely have used prefabrication, which will reduce the energy
consumed on site. Also, it is unlikely that the dwelling would be achieve that value with any
masonryconstruction, which is energy intensive. The value will be included in the table
below, but should be treated with adegree of caution for the reasonshighlighted above.
DrawnStudy Five can also provide an approximate value of the C02 emissions arising as a
consequence of construction processes. The value will be based upon the Ecological
Weight: Embodied Energy benchmark, determined in 3.13. If the same assumptions are
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made for the example above, but this time for a high-mass dwelling, the consequent
emissions can be calculated as 34.6 kgC02- M-2.

The benchmarkreduction of Energy Consumption: Construction Processes is a 50 percent
reduction from that of the 'typical' dwelling, which equates to a benchmark value of 75
kWh.m-2. Using the mean value of C02 emissions of the different fuel types used in
construction, derived from Howard,gives a C02 emission benchmarkfor the 'urban house in
paradise'of:
75 xO.36

= 27

kgC02-M-2

Methodology of Assessment
A breakdown of specific energy consumption rates by individual processes has not able to
be determined. It is possible that this information does exist a the Building Research
Establishmenthas undertaken asignificant amount of research on the embodied energy of
construction after materialshave been delivered to site; however this information is retained
on a confidential databasewithin the Centre for SustainableConstruction.2
Therefore, the benchmarkvalue will be based upon the ratioof the energy consumed by the
construction processeson site to the total embodied energy of the dwelling, and converted
into avalue of C02 emissions using the constant of 0.36 kgC02.kWh"', derived through the
literaturereview. Should it transpirethat a more accurate methodology can be established,
based on the actualfuel consumption by both type and quantity for different construction
methods, this can supersede the approximationthat the methodology outlined above will
give.

Conclusion
Therefore,the proposedvalueof the benchmarkof the C02 emissionarising from the
energyconsumedduringthe constructionof the'urbanhousein paradise',in the contextof
in thetableoverleaf.
the comparative
standardscan be summarised

I Howard,Nigel. 'Energy in Balance,' Building Services, May 1991.

0
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CO, emission(kgCO,.m
Typical UKspeculative dwelling

54

Europeancomparative:Knightstone
DrawnStudy: 5

13.5
34.6

The 'urban house In paradise'

27

CO, Emission:On Site ConstructionProcessesbenchmarkfor the 'urban house in paradise'

2 Personal communicationwith Suzy Edwards of the Sustainable Construction Unit at the Building
ResearchEstablishment, 5 October 1999.
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3.3

Carbon Intensity: Space and Water Heating

In research conducted on behalf of the Joseph Rowntree Foundation, into the potential
future of the Building Regulations of England and Wales,' Lowe and Bell propose that in
future versions of the Regulations, in addition to the Elemental and Target U-vajue
calculations,a'carbon intensity threshold' should be establishedfor space and water heating
systems. This is suggested asapotential alternativeto amodified Energy Rating Method, in
order to account for variationin the carbon intensity of domesticfuels.
The level of carbon emission arisingfrom for space and water heating appliances is affected
by the efficiency of the heating systemand its control methods, and by the type of fuel being
used, and also the thermalperformanceof the envelope. As the latter will be benchmarked
elsewhere, under the criterion of ThermalPerformance,this criterion will set out to establish
the former parameters. The interrelated links in the tool can then create the linkage to the
thermal performance.
The carbon intensity can be defined and quantified as the ratio of total carbon dioxide
emissions from the heating system to the total useful heat output for space and water
heating, over an annual cycle.2 It is, therefore, a measurecombining the efficiency of the
performance of the heating system, taking account of the fuel type that is used; the latter
point is significant because the carbon intensity, quantified in units of kgC02.kWh-1,of
different fuel types can varysignificantly. For example, although an appliance may use a fuel
type with a very low carbon intensity, if it is inefficient it may in practice produce more carbon
dioxide per kilowatt hour than ahighly efficient appliancerunningon afuel with a high carbon
intensity.
The proposed threshold vaJues,by Lowe and Bell, are 0.28 kg.kWh" in the year 2000, failing
to 0.24 kg.kWh-'in 2005. These valueswould be achievableby, in the case of the former, a
non-condensing gas system, and in the latter situation, by a condensing gas system. As
0.24 kg.kWh*' represents a best practice standard, it will be adopted as a benchmark for the
'urban house in paradise.'
The Carbon Intensity benchmark for a typical dwelling can be determined using the
methodology provided by Bell. The calculation is based upon thermal efficiency of non' Lovm, Robert and Wlcolm Bell. ToKards Sustainable HOUSIng.
" BLOkfingROgulationfor the 21st
Century,Leeds: Leeds MetropolitanUniversity, 1998.
2Personalcommunicationfrom RobertLowe, Leeds MetropolitanUniversity, December1999.
carbOnkltBnWY.
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condensing boiler with permanent pilot light, derived from data in the SAP assessment.3
The benchmarkcan be determined by dividing the carbon content of the delivered energy
by the coefficient of performance,which is taken as 69 percent.
Cl

Cd /q
0.21/0.69

Carbon Intensity

0.30 kg.kWh*'

The Carbon Intensityof DrawnStudy Two is calculated in the same manner, but assumes a
coefficient of performanceof 83 percent, which is provided by a condensing gas boiler with
automaticignition. This equates to a Carbon Intensitybenchmarkof 0.24 kg.kWh-1.
It has not been possible to determine the coefficient of performance for a comparativeof
European best practice. As this is required to calculatethe benchmark of carbon intensity
the European comparative WOhave to be omitted in this case. The Passive Haus in
4
Darmstadtused a condensing gas boiler for space heating, and therefore the efficiency
could be assumed. However, this would not provide a value other than that proposed by
Lowe and Bell, and therefore would be of limitedvalue.

Methodology of Assessment
The methodology used to assess the level of compliance with this benchmark will require
manufacturer's data for appliances during their specification, as the carbon intensity
benchmark is dependent upon the coefficient of performance,or efficiency, of the heating
system or appliance. The carbon intensity can be estmated using the following equation:
Cl =

Cd /Tj

Where CA=carbon intensity benchmark(kg.kWh-)
Cd = carbon content of delivered energy, e.g. 0.21 kgC02.kWh*' for
gas
,q=coefficient of performance(0/6)

3 Department of the Environment, Transport and the Regions. The Government's Standard
Assessment Procedure for Energy Rating of Dwellings, London: Construction Research
CommunicationsLimited, 1998.
4 BRECSU. 'Review of Ultra Low Energy Homes-A Series of UK and Overseas Profiles,' General
InformationReport Nuffiber36, London: HMSO,February1996.
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Conclusion
Therefore, the proposed benchmarkfor the criterion of Carbon Intensity. Space and Water
Heating,seen in the context of the other comparativebenchmarksof the typical speculative
dwelling and Drawn Study Two: Glasgow- Scale of the Dwelling, is proposed in the table
below.
Carbon Intensity (kg. kWh-1)
Typical UK speculative dwelling

0.30

Europeancomparative:
DrawnStudy: 2

0.24

The 'urban house in paradise'

0.24

CarbonIntensity benchmarkfor the 'urban house in paradise'
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3.4

Construction

Period

The aspirations of the Movement for Innovation (M41),the body charged with the task of
interpreting recommendations made in the Construction Task Force's report into reality, in
addition to benchmarking construction cost reductions also benchmark proposed
reductionsof the time taken to construct a project. Their aimis to achieve:
through sustained improvements and innovation in product design and
...
development, in project implementation, in partnering the supply chain and in
production of components: 10 percent improvements each year in lifetime costs,
construction time, productivity and profits.'
Just like the cost reduction targets of the WI, their construction time reduction targets are
being implementedthrough the Construction Best PracticeProgramme'sKey Performance
Indicator(KPI) benchmarks.2 The KPIs provide a measureof the performance of a project
against industry average benchmarks; in terms of construction time, the objective of the
benchmark isto measurethe,
Change in the normalisedtimeto construct a project in 1998 comparedwith 1997,
3
expressed as a percentage of the 1997 time.
The methodology of assessing the benchmark of construction time reduction requires
identifying acomparable project the construction of which commenced one year prior to the
one that is to be benchmarked. For both projects the contract sum and contract period is
determined; the contract sum of both are then normalised to account for variations in
location, size, and changes in resource cost. Each contract period is then divided by the
normalised contract sum to determine the Construction Time Factorfor each project. The
percentage change between the ConstructionTime Factorfor the current and the previous
year is then calculated, and the percentage change between the two is used, with a graph
provided, to translatethis percentage into a benchmarkscore.
The value of the KPIs for a specific project can then be compared with the average
performance of the rest of the construction industry, either for aHconstruction or for a

' k0lovement
for Innovation website, 30 June 1999:www.m4i.org.uk.
2 Refer to the Ldecycle and Construction Cost annex for a more detailed description of the Key
PerformanceIndicators.
3 Construction Best Practice Programme. Key Performance Indicators 1998 - Project Delivery and
GorrWny Performance,London'.HMSO,1999. The normalisedtime takes account of factors such as
regionalvariation in tender costs, inflation, and differences in quality.
'Construction Best Practice Programmewebsite, 1 NbY2000: www.cbpp.org/themes/suscon
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particularsector. The 1998 average KPIs for the construction time of new build housing

were:
IndustryAverage Performance
New build housing - Private

+5 percent

New build housing - Public

-4 percent

These are clearty still a long way from the annual 10 percent reduction advocated by the
Construction Taskforce and the M41.The identified reduction in construction period is
principally perceived as a source of reducing construction cost, although other benefits such
as less noise, disruption and intrusion are highlighted that could improve the sustainability of
the project.4 The Building ResearchEstablishmentis currently conducting research into the

effect of the transportation of site workersto and from site;" reducing the construction period
would lessen impactsarisingfrom this.
Of course, the KPI benchmarksare calculated post completion; I the matrixof criteriaof the
'urban house in paradise'is to be used catthe design stage then the performanceagainst the
benchmarkof the matrixwill haveto be predicted. Therefore the benchmark will be a design
target, and the success of the performance against the benchmark could only be fully
evaluated after completion. This is where the close interrelationships fostered within the
team will be beneficial, to make accurate predictions about the likely construction rate and
construction cost of the dwelling.
The time taken to construct atypical dwelling built by a national house builder is taken as 12
would equate to a construction period of
weeks.6 Therefore, the initialbenchmarkby the M41
just less than 11 weeks per dwelling. It was envisaged by the construction consultant for
Aire Design that the Aire 8100 dwelling, developed during Drawn Studies Four and Five,
could be constructed at three times the typical rateof the nationalhouse builder, equating to
a construction period per dwelling of 4 weeks.'
In the submission of its entry to the Millennium Community competition at Greenwich, the
team led by Hunt Thompson Associates, later known as HTA, and Countryside Properties
proposed that the rate of construction would be 25 percent quicker than normal. This
represented asigndicantly higher target than the Construction Task Force's and Movement
for Innovation's target of 10 percent. Subsequent to the change in architects, when HTA
" Personal communicationwith Suzy Edwards of the Sustainable Construction unit of the Building
ResearchEstablishment, 5 October 1999.
0 Personal communication with Barratt Leeds, during the development of the Allerton Bywater
Milennium Communitycompetitionentry.
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Architects left the project and were replaced by Proctor MatthewsArchitects, further details
of the construction and cost of the dwellings were released. Built from timber frame as
prefabricatedcassettes, the developer pledged that that it would build 100 dwellings every
72 weeks.8 This represented an attempt to meet the goals put forward in the Rethinking
Construction. This value could be equated to 0.72 weeks per dwelling, less than one week
per dwelling.
The nationaJhouse builder \Mmpey Homes,the socjaJlandlord Guiness Trust and Britspace,
who have developed the construction methodology it uses for McDonalds restaurants in
housing, have created a prototype semi-detached unit of dwellings. Built from eight
interlocking prefabricatedmodules, the dwelling initiallyappearto be the typical product of a
national house builder, of a two-storey, two and three bedroom semi-detachedunit in brick
construction. However, the brick is a waferthin applied finish to the panels. Although the
technology is not being applied to wide-scale construction, and only exists as a single
experimental prototype, it is a valid precedent. In terms of construction period, the panels
took three weeks to manufacture, and were programmedas taking two weeks to construct
on site. Therefore, the totaJconstruction period was 2.5 weeks per dwelling.9
In terms of European comparatives, where the use of prefabrication technology is much
more established than in the United Kingdom, the German company Europahaus have
produced a dwellingthat can be erected in half a day.10Aimed to supply low-cost housing,
steel framed, prefabricatedelements are fully finished, including decoration, and are bolted
together on site. The final internalfinishing takes afurther one and a half days, after which it
is claimedthat the inhabitantscanoccupy the dwelling.
The construction period of the Europahaus is very short, and could be dependent upon the
use of a similarconstruction technology to achieve a comparable standard. This could be
construed as influencing the design process. Therefore, the benchmark of the 'urban
house in paradise'was determined by considering each of the best practice comparatives
above, and a value that innovates upon the mean standard chosen. It is also one that
reflects afactor four reduction of the typical dwelling produced by a national house builder,
taken as a philosophical underpinning for the benchmarking process. The technologies
identified above that are below the benchmark of the 'urban house in paradise' mayprovide
insights into the waysin which the benchmarkcould be achieved.
Booth, Robert. 'Prescott Sticks to His Guns Over Greenwich Targets', Building Design, 24 April
2000.
1Smit, Josephine. 'Max Factory', BuildingHomes, November1999.
10Frairs, Marcus. 'NewGermanHousesBulft 'in an Afternoon", Building Design,22 May 1998.
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Methodology of Assessment
A consistent methodology willhave to be adopted to quantity the period taken to construct a
dwelling, which can apply to individual units, linked units and multi-storey apartments. It is
proposed that this be weeks per dwelling. The design benchmarkwill be based upon the
construction programme. If the dwelling is not an individual unit, then the time taken to
complete the block, whether a terrace or multi-storey block, will be divided by the total
number of units. A post-completion re-evaluationof the benchmarkwilldetermine if it has, in
reality,been achieved.

Conclusion
Therefore,the proposedvalueof the benchmarkof the ConstructionPeriodfor the 'urban
housein paradise',in the contextof the comparative
in the table
standards,is summarised
below.
Construction
Period(weeks.
dw-')
Typical UKspeculative dwelling

12

Europeancomparative'.Europahaus
DrawnStudy: 5

0.5

The 'urban house in paradise'

4
3

ConstructionPeriod benchmarkfor the 'urban house in paradise'
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3.5

Contextual

Significance

of the Site

This criterion is of criticaJimportancein terms of the retention of cultural heritage; architecture
can be considered as a representation of man's presence through time, and buildings,
including dwellings, are a part of the culture and spirit of an age. Scott writes that, "The
history of civilisationthus leavesin architecture its truest record."' This issue if of particular
...
relevancedue to the predication of the thesis upon urban housing, where the contextual
significance of the site is likely to be greater. Its aim is to ensure that due consideration is
given to the surrounding buildings and urban grain in the development of the project's
design.
The first aspect will be to consider the contextual significanceof a specific site. This maybe
explicit through the site being located within or in close proximityto a conservation area,or in
proximity to or containing listed buildings. However, the contextual significance may be
more implicit. Therefore, acontextual analysis,an evaluationof the site and its surroundings,
should be undertaken pdor to the design of the building. This should also include a
historicalanalysisof the site, using Ordinance Survey plans of the site, to ascertain if any
contextually significantelements or features havebeen erased.
The response to the contextual significancecould be made in a number of ways; the thesis
maintainsthat creative design is not a monistic process. For example, the influence of a
significant building on an adjacent site could impact upon the proportion, hierarchy or
materialityof the new building. This influence could be more a matterof space, arrangement
and scale, rather than sympathetic stylistic fagadism;the Jewish Extension to the Berlin
Museum by the Polish architect Daniel Libeskind (1946- ) is exemplary as an innovatory
response to the context of the site, a part of which is in the realisationof invisible lines that
criss-crossthe site, linking the addressesand placesof execution of Berliners,as built form.2
The criterion does not intend to promote any specific response; to do so would influence
and inhibit the creative design process. Rather, it seeks to ensure that the contextual
significance of the site and its surroundings are at least considered. The designer can then
makethe decision asto whether such elements or features will influence the design process
of that specific dwelling or building.
In atypical housing estate built by a national house builder, the dwelling types will be taken
'Scott, Geoffrey. TheArchitecture of Humanism,London: Methuen, 1961, p. 3.
2Libeskind, Daniel. Radix-Matfix:Architecture and Writings,Munich:Prestel-Verlag,1997.
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from a pattern book. The selection will be based upon the potential market demand as
opposed to the dwelling type most responsive to the local vernacular style or context.
Therefore, the same dwelling types could be used in two projects at opposite sides of the
country, and in fundamentally different contexts.
The Brouwesgracht apartment building by the Dutch architects Mecanoo can be used as a
European comparativeof best practice for this criterion. The seven apartmentsand one
studio were located on a small in-fill site in Amsterdam. One of the challenges identified by
the architectswas how to insert a building into a historical urban context of 171"and 18th
century brick townhouses on the canal side;3integrating a contemporary building into the
genuis loci of the city. Through its materialityand distinction between public and private
reaJmthe building is at once both obviously new and carefullyrelated to the architecturaland
urban nuances of its sensitive, historicalcontext.

-'11-luý"'

Brouwesgrachtapartmentbuilding by Mecanoo4

3 LeCuyer, Annette W. (ed) Mecanoo, Michigan Architecture Papers, Michigan: The University of
Michigan,1999.
4Source: Ibid.
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Methodology of Assessment
Unsurprisinglythe thesis has not established an objective, measurable way in which to
assess the contextual significance of a site, due to the diverse ways in which that
significancemight be embodied. Therefore the assessmentwill propose the question: 'Has
an evaluation of the contextual significance of the site, including empirical study and
historicalanalysisof the site and its surroundings, been undertaken; has the significance, if
any, been considered in terms of potential influence upon the design of the urban plan or
dwelling design?'

Conclusion
The benchmarkis basedupon whetheror not a masterplananddwellingor dwellingshave
takenaccountof contextualinfluencesin theirdesign.

TypicalUKspeculativedwelling
European
comparative:Brouwesgracht
DrawnStudy:1
The 'urban house in paradise'

Contextualinfluence
No
Yes

Yes
Yes

ContextualSignificanceof the Site benchmarkfor the 'urban house in paradise'
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3.6

Deconstruction
Materials

and

Demolition:

Recycling

of

As the recyclingof materialsturns a linearlife span into a circularone, the impactsof materials
arising from the demolition of a building could have two demands on the 'urban house in
paradise',firstly if an existing building is demolished to clear the site for the dwelling, and
then the demolition of the dwelling itself atthe end of its lifecycle. The former is of particular
relevancefor the 'urban house in paradise' because its site is in an urban, brownfield area,
ratherthan a greenfield site, and therefore there is an increased likelihood of having to clear
the site of existing, even if derelict, structures. To reduce the consumption of natural
resources, it is important in both cases that as greater proportion of the material arising is
recycled as is achievable. As the recycling of the building in terms of use is considered
under the criterion of Recycling of Building: Adaptability, refer to Annexe 3.29, here the
benchmark is concerned with maximisingthe recycling of the materialsthat make up the
dwelling.
In a 1992 survey was undertaken by the European Demolition Association on the recycling
of construction and demolition waste in nine EC countries: Belgium, Denmark, France,
Germany,Spain, Ireland, Netherlands, Spain and United Kingdom. The UK produced the
second largest record of the quantity of construction and demolition waste, of 45 million
tonnes in 1991, behind only Germany with 65 million tonnes. However, Germany also
recorded the greatestquantity of recycling plants, along with Belgium and the Netherlands.,
The consumption of aggregates, the material into which a high proportion of demolition
waste can be recycled into, has grown substantially over the past decades, to 259 million
tonnes in 1994, and is forecast to rise further, to between 330 and 365 million tonnes by
2006; this would equate to quarrying or mining on 3,100 to 3,500 hectares of land per
annum.1 The 'land bank' system, in which public authorities were expected to maintain
reserves to meet a ten-year demand, has kept the cost of aggregates low, discouraging
efficiency in use, and promoting the consumption of virgin material rather than recycling
waste into aggregate.
In terms of the reduction of resource consumption, as put forward in Factor Four, the
recycling of building materials presents obvious benefits. The substitution of recycled
materialsfor primary resources has two-fold advantages. Firstly it reduces the amount of
' Departmentof the Environment. ManagingDemolitionand construction Wastes, London: HMSO,
1994.
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materialextracted from the earth, and the consequent environmental damage that entails;
secondly it cuts down on the quantity of waste sent to landfill, and therefore, in addition,
reduces the production of methanefrom landfill,agas which contributes to the greenhouse
effect. This emphasisesthe importanceof circularityin the lifecycle of materials,which has
also been discussed under the criterion of Use of Reused and Recycled Materials,refer to
Annexe 3.33. To maintainthe circularnature of the life of materials,and not to fall back to an
unsustainablelinearpattern, it is criticalto consider the materialat the end of one revolution,
when it has come to the end of its useful life for one period of use. Deconstruction or
demolition can be thought of as both the end of one building's lifecycle or the start of
another's, if the recycling of demolition materialsis to be employed.
In 1991 the Department of the Environment commissioned a study into construction waste.
It identified that there was scope for the recycling of both construction and demolition
materials, and advocated that encouragement should be given to the establishment of
recycling centres in urban areas.3 As an example of the potential for recycling, the
production of construction and demolition waste in the United Kingdom is in the region of 70
million tonnes per annurn ;4of this approximately 40 million tonnes are estimated to be hard
materials suitable for the production of aggregate. However, at present only a fraction of this
is sold as ground aggregate. 5 Only 4 percent of the United Kingdom's annual production
waste arising from demolition undergo high level processing to produce secondary
aggregate. Some materials, such as metal, which is predominantly steel, are recycled as a
matter of course. For the matetial that is not subject to high level disposal, Golton suggests
that 29 percent goes to low level use on or near the site, and the remaining 66 percent goes
to landfill. ' Other research commissioned by the Department of the Environment proposes
that 29 percent of the total arising is put to low level use, whilst 30 percent is used for the
engineering of landfill sites, and another 30 percent sent to landfillfor disposal.7

Analysishas been made of the materialsarriving at landfill sites. by percentage of volume,
the primarymaterialsare: soil and clay 44.4 percent, sand and gravel 17.5 percent, concrete
10.2 percent, brick 8.3 percent, bituminous materials,5.3 percent, and wood 3.3 percent. It
2

McLaren, Duncan, Simon Bullock and Nusrat Yousuf. Tomorrow's World - Britain's Share in a
Sustainable Future, London:Earthscan Limited, 1998.
' Departmentof the Environment. Occurrence and Utifisation of Mineral and Construction Wastes,
London:HIVISO,1991.
4 Construction Information Research& Information Association. 'Construction Waste Minimisation',
CIRIA Spectrum, London:CIRIA, 1999.
'Collins, R. J. and W. Sparkes. 'Blocks With Recycled Aggregate: Beam and Block Floors,' IP 4/98,
BRE InformationPaper, Building ResearchEstablishment, October 1998.
'Golton, B. et al. Demolitionin Manchester-A C'9seof Long DistanceRecycling, 1995.
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is estimated that at least 8 million tonnes of brick and concrete, 7 million tonnes of sand and
gravel and 2 million tonnes of bituminous material could potentially be diverted from landfill
through recycling-8

The recycling of building materials has strong precedents in a European context. For
example, in the Netherlands and the Copenhagen district of Denmark both recycle over 80
percent of their demolition waste; it is legitimate to draw comparisons between the United
Kingdom and Europe, as demolition produces similarproportions of masonry, such as brick,
and concrete.9 In Denmark this standard has been achieved through a high degree of
commitmentby the Government; landfill is severely restricted, and permission is granted for
demolition only where the recycling potential of materialsarising is maximised." In Germany,
a target was set that 60 percent of materials arising from building demolition was to go to
reuse or recyclingfrom 1995 onwards. Other researchsuggeststhat it should be feasible to
recyclein the region of 75 percent of building materials."
In 1991, in response to a proposed fourfold increase in landfill charges by the Canadian
Ministryof Environment, apilot project wasproposed to test the concept of environmentally
responsible demolition. The building to be demolished was an annex building of the Oakalla
prison complex.12 The demolition contract was offered to tender on the basis that
contractors would 'channel waste away from landfills, toward reuse and recycling.' It was
specified that bids should include two prices, one for traditionaldemolition, and the one for
recovery, reuse and recycling. The outcome was that the latter was 24 percent cheaper than
normaldemolition. Of the total volume of material,it was estimatedthat the normal demolition
process would have sent 92 percent to landfill; however, for the pilot project it was determine
that only 5 percent was sent to landfill, and the remaining 95 percent was either reused or
recycled.
Research in Australia demonstrated the potential for recycling demolition waste in
Melbourne, where of the materialsarising from the demolition of office blocks within the
central business district 69 percent was being recycled, 11 percent for reuse and 58 percent
I Departmentof the Environment. 1994, Op. Cit. The report concedes that at present these values
are based on a limitedamount of data that is available, and that further detailedstudies are required to
establish reliabledata.
Ibid.
Collins, R. J. 'The Use of Recycled Aggregates in Concrete,' IP 5/94, BRE Information Paper,
Building ResearchEstablishment, May1994.
10Departmentof the Environment.1994,Op. Cit.
" Lawson, W. R. 'Design for Deconstruction,' First International Conference on Buildings and the
Environment,Garston: Building ResearchEstablishment, 1994.
12Weizsacker, Ernst von, Amory B. Lovins and L Hunter Lovins. Factor Four - Doubling Health,
HalvingResource Use, London: Earthscan PublicationsLimited, 1998.
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for reprocessing. Bricks, timber, structural steel, floorboards and plumbing items had a
recovery ratebetween 70 and 80 percent.13
A case study was undertaken by the Building Research Establishment into the potential
levels of recyclabilityof building materialsfrom demolition during the demolition of an existing
building to make way for a new energy efficient office. It was determined through this live
experiment that 96 percent by volume of the waste generated by the demolition of the
existing building was reused or recycled. In addition, the demolition contractor was able to
tender a lower contract price through the two-fold advantagesof reduced waste disposal
costs and income generated from salvaged materials.14 This will evidently have an impact
upon the lifecycle and construction cost benchmarks. However, there will be implications
upon the overall construction time also, due to the additional time required for the
deconstruction and separatingof waste. In the BRE case study, two weeks were added to
the contract period.
In the Greenwich Millennium Village project, it is proposed that 80 percent of the buildings
are to be recyclable, achieved through specific specification of materialsand construction
systems."
Although the potential recyclabilityof demolition waste was not a criterion considered in the
initialdrawn studies, it was proposed that at Allerton Bywaterwaste should be reduced by 50
percent throughout the supply chain process, and throughout the period of inhabitation of
the dwellings. It is logical, therefore, that this benchmark should be carried forward beyond
the occupation period, and ensure that 50 percent of the materialsused within the dwelling
are capable of being recycled upon demolition. The large quantity of concrete used in
DrawnStudy Five, establishing the technology of the drawn study dwelling, accounts for at
least 50 percent of the materialwithin the fabric of the dwelling, and will be capable of being
crushed to form aggregates.
it is impossible to predict a generic numericalvalue the quantity of materialsthat will be in a
dwelling, as the 'urban house in paradise'could be at once both a one person flat or a four
bedroom terraced dwelling. Therefore, although it was an ambition of the thesis to quantify
13Salomonsson,Gustav D. and Carol MacSporran. 'Recycling of Materials in Building Construction',
Buildings and the Environment,Proceedings of the first International Conference organised by CIB
Task Group 8,16-20 May 1994.
14Hobbs, G. and R. Collins. 'Demonstrationof Reuse and Recycling of Materials: BRE Energy
Efficient Office of the Future,' IP3197, BRE Information Paper, Building Research Establishment,
February1997.
11Baldock, Hannah. 'Can Prescott Save the VillageT, Building, 8 October 1999.
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allof the criteria in dimensionalterms for the benchmarkof the quantity of materialthat is to
be reused or recycled arising from the process of demolition, it will be necessary to use a
percentage. Once this benchmarkis applied to a particulardwelling,or even dwelling type, it
canthen be translated into a quantitativevalue if necessary.

Methodology of Assessment
The level of materialsin the dwelling or building will be quantified by a percentage of their
volume, as opposed to by mass. The percentage benchmarkwillthen give a minimumtarget
figure of the volume of materialthat should be either reused or recycled, or capable of being
recycled at the end of the dwelling's design life span, and the remainder can be used to
established a maximumtarget figure for the volume of materialthat should be disposed of to
landfill. This can apply equallyto existing buildings on the site or to the new dwelling.

Conclusion
On the basis of the examples given above, A should be possible for the recycling of
demolition matedals in the United Kingdom to reach the levels achieved in Europe.
Therefore, the benchmarkwill be set at the level of 85 percent of the materials,measured by
volume, arisingfrom the deconstruction and demolition of the 'urban house in paradise', or
an existing building on its site, should preferably be reused, and if not then should be
recycled.
Materialto be reused or recycled
Typical UKspeculative dwelling
Europeancomparative: Europahaus

33

DrawnStudy'. Number5

> 80
50

The 'urban house In paradise'

85

Deconstructionand Demolitionbenchmarkfor the 'urban house in paradise'
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3.7

Density: Quantitative

Density is an example of a criterionthat will be posses both objective and subjective values.
The'urban house in paradise'will have an ideal density affected by its desired urbanity; this
will be the social,qualitativevalue. However,there is also a proposed criticallevel of density
required for sustainable development. Urban densities can vary significantly between
different cities. For example Barcelona,which is one of the most compact European cities,
has an averagedensity of 400 dwellings per hectare; whereasrelativelydense areas of cities
in the United Kingdom, such as Bloomsbury and Islington in London, may up to 200
dwellings per hectare.'
It hasalreadybeen established within the thesis that land is a natural resource, for example
through its provision of wildlife habitat. The density of a project is, in effect, a measureof the
efficiency with which the landthat the project occupies is being used: the higher the density,
the more efficient the land use. However other factors must be considered, as this may be
considered an avocation of 'town-cramming'. These factors included the social impact of
increasingdensity. The re-issueof Planning Policy Guidance(PPG) 3, requiring an increase
in the density of residential development from typical levels for reasons including the
increasedefficiency of land use, is indicativeof the contemporaryrelevanceof this criterion.
There is a diverse range of units for quantifying density; these include people per hectare,
dwellings per hectare, habitable rooms per hectare,and plot ratio. Residential densities can
also be considered in terms of gross or net values. Gross residential density (GRID)is
determined by dividing the population by the total geographical area; net residential area
(NRD)deducts the area that is occupied by open spaces and non-residential land.2 It is
3 Annex C
suggested that the NRDvalue can be between 1.5 and 3 times higher than GRID.
to PPG 34contains a more specificdefinition of net density, which includes only those areas
that will be developed for housing and directly associateduses.
This will include:

Ittherefore excludes:

access roads within the site
privategarden space
car parkingareas
incidental open space and landscaping
children's play space (where applicable)

majordistributor roads
primaryschools
open spaces serving a wider area
significantlandscapebuffer strips

UrbanTask Force. Tomrds an Uftn Renaissance,London: E&FN Spon, 1999.
Fulford, Charles. 'The Compact City and the Market'; in Jenks, Mike, Elizabeth Burton and Katie
Williams. TheCompactCity -A Sustainable UrbanFormZ London: E&FN Spon, 1996.
' McLaren, Duncan. 'Compact or Dispersed? Dilution is No Solution', Built Environment,Volume18
Number4.
4 DETRwebsite, 9 March2000: www.planning.detr.gov.uk/ppg3/9.htm
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One of the principal causes of the requirement for 3.8 millionnew dwellings new dwellings
by 202 15 is demographic change. For example, inhabitation patterns are changing, and
there is a predicted increasein the number of people livingon their own or co-habiting. This
raisesone of the issues of benchmarkingdensity. If a value is proposed on the basisof the
number of bed spaces in adwelling, then an account mayneed to be taken for the fact that
the designed occupancy level maynever in realitybe achieved. This maybe exacerbated by
an increasingtrend of working from home, when a bedroom maybe used as an off ice.
For the purposes of consistency, within the thesis residential density will be considered in
terms of people per hectare (p.h-'). Values used from other sources will be converted into
p.h-1.Where these conversions are from dwellings per hectare,the occupancy level will be
taken as 2.4 people per dwelling; this is the mean household size in Great Britain, based on
data from the 1995 General Household Survey." Of course, it should be appreciated that
this figure is likely to continue to fall in the future under the demographic changes outlined
above.
In City Sense City Deign, Kevin Lynch (1918-1984), a leading American environmental
design theorist, identified certain qualities of the urban environment in respect to density.
This analysis is summarised as follows,' (figures have been converted from people per
square mile to people per hectarefor consistency):
3.9 people per ha. Very few cities have such a low density as this, which is
verging on rural land, Canberra is one of only a few examples. Problems of
transportation, with a car becoming anecessity, and socialcohesion, areinevitable at
a density as low as this, in addition to land wastage.
13.5 people per ha. Typically the density of the average American suburb,
some large cities have a density of this order, such as Los Angeles.
38.6 people per ha. At this level, an urban structure is reached in which the
dominant residential type is group housing, such as row and two-family houses; a
density exemplified by cities such as Baltimore and Washington or, in England,
Harlow. Chicago is above this level, at 61 people per ha. Retaining private gardens,
atypical layout is tighter than suburbia,with greater visual and social cohesion. Few
historicalcities, where defence was paramount,were as dispersed as this.
I Department of the Environment, Transport and the Regions website, 2 July 1999:
www.housing.detr.gov.uk/information/keyfigures/Index.htm
Office for National Statistics. Living in Britain - Results from the 1995 General HouseholdSurvey,
London:HMSO,1996.
' Banerjee,Tridib and Michael Southworth. City Sense and City Design - KdritingSand Projects of
KeWnLynch. Cambridge,Massachusetts: The MIT Press, 1996, p. 37-38.
8Jenks, Mike, Elizabeth Burton and Katie Williams. The Compact City -A Sustainable Urban Form?,
London:E& IFN Spon, 1996.
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per ha. With three to four storey apartments, a density is reached
comparable to the centre of most American major cities, or Florence. A stronger
sense of urbanity and improved social intercourse are felt at this level, although as

135 people

are the beginnings of congestion.
386 people per ha. Comparable to Manhattan, Damascus, Naples and Rome,
this is the upper end of the density scale; areas formed by densely set apartments.

However,one shortcoming of Lynch's analysisis that he does not provide any qualification
as to the process of calculatingthese densities; for example, as to whether they are gross or
net. This difference can haveadramaticeffect, as the following table demonstrates:

City or Region

ResidentialDensity (p.h-')
Gross

Net

London

56

168

HongKong

293

879

Los Angeles

20

60

Melbourne

16.4

49.2

Paris

48.3

144.9

Tokyo

105.4

316.2

Toronto

39.6

118.8

Camden(London)

56

168

Haringey(London)

66

198

Islington (London)

-

740
67.5

Milton Keynes

Table of gross and net residential densities for selection of cities and regions8

From this table, by comparingthe valuesfor Los Angeles, it can be determined that Lynch's
figures are gross residential densities, and therefore that the net residential densities are
likely to be between 1.5 and 3 times higher than the valuesgiven.

A matrixfor determining the residential density of new housing developments has been
proposed by the British architectural practice Llewelyn-Davis.9 It takes into account the
locationof its site, the existing urban fabric, i.e. its context, and the predominant proposed
dwelling type. Values can then be determined for a recommend density range. Originally
9 Hattersley, Lia. 'Density FormulaPacks ThemIn,' Building Design,16 July 1999.
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quantified as habitable rooms per hectare, their proposals can be translated into people per
hectarein the table below for the purposes of comparability.
Option I

Option 2

Option 3

Parldng Provision

HIM: 2 to 1.5

Moderate: 1.5to 1

Low: <I

Predominant tyW

Detached, linked

Terraced, flats

Mostly flats

Setting

SiteLocation

Central
Within town oentre

690 to 950

Urban

2DOto450

475 to 740

Suburban

150 to 250

265 to 370

Close to oentre or

Urban

200 to 300

320 to 475

trans

Suburban

150to2OO

Rural

150to2OO

n

Currently remote

2DOto 250

Chart of proposed residentialdensities (people per hectare) by Llewelyn-Davis.

This table demonstrates the densities considered appropriate to different settings, rural,
suburban and urban. As the thesis is predicated toward urban housing, this will focus the
study of the density criteriaand benchmarksabove athreshold level. From the table above,
this threshold can initiallybe proposed as 200 people per hectare.
Typicalgreenfield residentialdevelopments, accordingto research by Friends of the Earth,
rarely exceed net residential densities of 100 people per hectare. If this were at a mean
occupancy level of 2.4 people per dwelling, it would equate to a housing density of 42
dwellings per hectare. More probable is that it is a design density, and therefore based on
the total occupancy that the dwellings are designed to accommodate; if this were a typical
average of 4 people per dwelling,10it would equate to 25 dwellings per hectare. This
highlights the significance in makingadistinction between the density achieved on the basis
of the number of people the dwellings were design to accommodate, or on the typical
occupancy level. Empiricalresearchshows that this value may be lower, but certainly is not
often higher. Based on designed occupancy levels, selected developments were
determined to have densities in the region of 90 people per hectare." Other research
shows that new residential development in England is between 20 and 39 dwellings per
hectare net. " The national average density for greenfield housing, as determined by the
'0 Derivedfrom the analysis for the Space Standardsbenchmark, refer to Annexe 3.30.
A numberof new build housing developments were selected, and their densities determinedon the
basis of the numberof bed spaces for the mix of house types available.
12Fulford. Op. Cit., p. 130.
denstty-5.2.01:M

UrbanTask Force, is 22 dwellings per hectare.'3At atypical designed occupancy level of 4.5
people per dwelling, this would equate to 99 people per hectare; although based on the
mean occupancy level of 2.4 people per dwelling, this would equate to a density of 53
people per hectare.
The residentialdensity of DrawnStudy One, the design of the urban block in Glasgow,can
be calculatedas aoomparative value. Although the block is multi-functional,the entire area
of the site is used in the calculationas allof the functions are contained within a single block
with the part of the containing the dwellings covering the other functions. Therefore a
proportion of the 0.32 Ha areaof the site cannot be removed which accommodates solely
other functions. Taking a mean value of the mixture of dwelling sizes, due to the adaptable
nature of the block, a density of 350 p-ha"' is achieved. This can be compared to the net
density of DrawnStudy Three, as Allerton Bywateris avery diff erent context using a different
typology of dwelling. The density was calculatedas 203 p.ha*'.14
In a recent announcement, the Deputy Prime Minister John Prescott proposed that the
Government would only consider housing developments where the density is between 30
and 50 d. h", in connection with the announcement of new housing figures for the
Southeast. ',' The recent reissue of PPG 3 confirms this intention, stating that, "Local
authoritiesshould ... avoid developments which makeinefficient use of land (those less than
30 d. h-1net); [and] encourage housing development which makesmore efficient use of land
(between 30 and 50 d. h-1net).'O Converting these values to people per hectare gives a
range of between 72 and 120 p.h-1.The Departmentof the Environment, Transport and the
Regions commentsthat densities over 120 p.h" maybe appropriatein inner urban areas.
Inthe national press recently, it is claimedthat John Prescott's advisors believe that a figure
of 435 d.h" can be achieved in urban areas.17 They suggest that this density could be
created with an urban fabric such as that of Islington, with 4 to 5 storey terrace dwellings.
Assuming that this value is net, "Ithis would equate to adensity of 1,044 p.h-1. This value
appearsextraordinarilyhigh in the context of the analysisin the preceding paragraphs,and
as such should be treated with a degree of caution.

13UrbanTask Force. Op. Cit.
14Referto DrawnStudies One and Five in volume2.
Nuttall, Nick. 'Prescott aims to cut urban sprawl', The Times,Wednesday8 March2000.
Departmentof the Environment,Transportand the Regionswebsite, 9 March2000:
www.planning.detr.gov.uk/ppg3/
17Prescott, Michael. 'Prescott to curb urban sprawl with terraces', The Sunday Times, 6 February
2000.
It is assumed that it is net, as if it were gross it wouldequate to a net value in the region of 2,349 p.hwhich is very high, (HongKong has a net density of 879 p. h-1).
M
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Friendsof the Earth advocate a net residentialdensity of 225 to 300 p. h-' as sustainable,and
up to 370 people per hectare as appropriate and sustainable in central accessible urban
areas."' These values are based, at least in part, on studies carried out by Peter Newman
and Jeff Kentworthy which revealthat public transport use becomes significantly more viable
at net residential densities over 90-120 persons per hectare, and walking at over 300
persons per hectare. However, they also relate to the efficiency of land use. The dwelling
type that Friends of the Earth associatewith this density is the equivalent of the Georgian
three to four storey terrace. I
There is an evident disparityit the densities proposed by PPG3 and Friends of the Earth are
compared, between 72 and 120 p. h-Ifor the former and 225 to 300 p. h-Ifor the latter, or 370
p.h-1if the Friends of the Earth urban density is used. However, PPG 3 is setting down
minimumvalues that are at the lower end of a range of acceptable densities, in terms of
guidance for avoiding developments that are profligate in terms of land use efficiency. The
PPG3 range also appliesto aJldevelopments, whereas the benchmark for the 'urban house
in paradise' is predicated toward urban dwellings. This would suggest that the density
should be well above that of the PPG 3 recommendation.
In essence, some of the advantages and disadvantagesof high and low densities are put
forward in the following bulletpoints:
-

Low-density developments are an inefficient use or land, which is a valuable
resource. Even if a site is'brownfield', it could be argued that inefficient use of land

-

here might lead to greenfield development elsewhere.
Most amenitiesand non-dwellingfunctions require athreshold population in order to
sustain themselves. A higher density will allow for an increased number of mixed

-

functions and non-housing facilities,through creating ahigher population.
The higher the density value is, the less area is available for private open space.
Therefore more reliancewill haveto be made upon useable, secure and high-quality

-

public open space to compensate for this.
The values proposed are high, and will require particular dwelling types, such as
terraced units and flats, to achieve them. This may well have an impact upon the
perceived desirability of the dwellings and the nature of the target population who
will account for the population over and above the existing that will remain.

"'Jenks, Mike, ElizabethBurton and Katie Williams. Op. Cit. p. 130.
11McLaren, Duncan,Simon Bullock and Nusrat Yousuf. Tomorrow'sWorld,London: Earthscan, 1998;
and Newman,Peter and Jeff Kentworthyin Jenks, Mike, Elizabeth Burton and Katie Williams. Op. Cit.
M
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Dwelling forms such as terraced units and flats are typically more energy efficient
than the semi-detached and detached forms associated with low-density
development. The Building Research Establishment calculated that intermediate
flats require 66 percent less energy per unit floor space than detached houses.21
Preconceptions can be common in terms of proposing high-density living, and
associatedwith high risetower blocks. This will require communicationto overcome
these preconceived associationsof the relationship between lifestyle and density.
As has been outlined above, the use of public transport and walking as means of
transportationincreaseswith density. The thresholds of 91 to 120 d. h*l in the former
in the case of the latter havebeen suggested.12
and over 276 d. 11-1
A higher density can provide both sufficient population levels to sustain nondwelling amenities and mixed functions, and if high enough encourage walking to
use those services through their proximity.
One way in which to achieve higher densities is to reduce the provision of car
parkingspaces per dwelling. This increasesthe efficiency of land use. However, if
car use is to be discouraged, which may be required in order to justify reduced
parkingprovision, sufficient attractivealternatives,in terms of public transport, would
likely need to be provided
The sustainable density value proposed through research by Friends of the Earth will
provide another base figure for residential density, in addition to PPG3 and Liewelyn-Davis
base value, of at least 300 p. h-'. From this the value can be refined through other criteria,
including qualitative benchmarks to define the quality of the environment that is being
created. However, as the thesis is predicated toward benchmarking urban dwellings, the
benchmark should also respond to the Friends of the Earth value of 370 p.h-I for urban
locations, to ma)dmisethe efficiency of land use, which is a valuable natural resource.
Therefore, this will become the basebenchmarkfor the 'urban house in paradise'.
Although there are examplesof projects with a higher density, the Hooikade housing project
in Delft by the architect Kees Christiaanse has been selected as a comparative of best
practice as it has a density in close comparison to that proposed for the 'urban house in
paradise'. Therefore it can serve to demonstrate the scale of urban form required to achieve
that density. This project for 140 owner-occupied dwellings has apartments distributed
across four individualblocks, which arearrangedto form a noise barrierbetween the passing
2' Building Research Establishment. Energy Conservation: A Study of Energy Consumption in
Buildings and Meansof Saving Energy in Housing,CP 56, Garston: Building Research Establishment,
1975; in McLaren, Duncan. 'Compact or Dispersed? Dilution is No Solution', Built Environment,
Volume18 Number4.
M
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trainson a nearby railwayand the residentialareabeh ind. The net residential density across
the site is378 people per hectare.
The underlying theme explored in this project is a re-invention of the gallery, or deck access,
dwelling. The skin of the bocks was conceived as an envelope folded around the actual
building volumes that yielded itself like acloak to the various urban situations that confronted
it. The lozenge-like form of the envelope is intended to moderate the transition gaps
between the blocks, and takes up the direction and orientation of the side streets that
permeatethe project. The wedge formed stairwellsvisually limit the dimensions of the side
streets. The biggest block is twisted in order to divide the building volume and to connect to
the existing urban fabric.

Methodology of Assessment
The unit of measurementthat has been selected to quantify the value of the benchmark is
net residential density (NRD),and this will be quantified in terms of people per hectare in
terms of the designed occupancy level of the dwelling. The calculationof that value, in terms
of what functions and spaces are included and excluded will follow the guidelines set down
in Annex C to PPG3, as given above. The site area will be established, including access
roads within the site, private garden space, car parking areas, incidental open space and
landscapingand children's play space. The total number of inhabitants that the dwelling or
dwellings aredesigned to accommodateis then divided by this value.

Conclusion
Therefore,the proposedbenchmarkforthe criterionof carbonintensityfor gas boilers,seen
in the contextof the other comparativebenchmarksof the typicalspeculativedwellingand
DrawnStudyOne:Glasgow- Scaleof the UrbanBlock,isproposedin the tablebelow:
Net ResidentialDensity (p.ha-)
Typical UKspeculative dwelling
Europeancomparative: Hooikade
DrawnStudy: 1
The 'urban house In paradise'

< 100
378
350
> 370

Density:Quantitative benchmarkfor the 'urban house in paradise'

22

Ibid.
M
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3.8

Density: Qualitative

As commented above, density is not just a quantitative issue, particularlyfor urban housing
where development is likely to occur within close proximityto an existing grain of buildings.
Frequentlythere will be a predominant scaleto this existing fabric, and the response to this
fabric, in terms of the three dimensional scale of the new building or buildings, should be
considered. To some extent this criterion will exist in parallel to that of the Contextual
Significanceof the Site.
Firstly the density or scaJeof the surrounding fabric should be established; this will be an
empiricaJstudy of the context of the site. A decision should then be made, in conjunction
with the Contextual Significanceof the Site to determine the value of those surroundings, to
establish the degree of response or influence those surroundings should have upon the
design of the new dwelling or dwellings.
The qualitativevalue of density willalso apply to the articulationof mass within the site itself,
irrespective of the surroundings. This will relate to the social sustainabilityof the density
proposed, and will relate in part to the criterion of Green Space, refer to Annexe 3.18. To
avoid any tendencies toward what might be considered as'town cramming', in counterpoint
to the increased density of the dwellings there should be an adequate provision of open
space. Thiscould be in the form of privategardens, semi-privatecommunalspaces or public
open space, and could be either green or hard landscape. As the matrix of criteria that
defines the'urban house in paradise'does not intend to impinge upon the creative design
process, no guarantee can be made of the quality of the design of such spaces; this is
beyond the scope of the criteriabut is considered in part in the subjective criteriathat could
form an accompanimentto the criteriaof the 'urban house in paradise'.
Unlike, for example, Energy Consumption- Inhabitation, there is not a predefined way in
which to assess the qualitative value of density, largely due to its subjective nature.
Therefore the thesis proposes away in which such an evaluationcould be made.
In Drawn Study Three, for a part of the masterplan of the Allerton Bywater Millennium
Community,the density of dwelling was increased within areas of housing, and balanced
through the provision of open space. The primary routes included both hard and green
open space, allotment gardens and sheltered parks were included within the cores of
housing areas, for dwellings in the immediatevicinity, and hard public open spaces were
created at the centre and in key locations. The density of both traditional dwellings in the
M
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area,and also of notable precedents of Yorkshirevillages,was responded to in the design of
the plan.
The Rue de Meaux housing project in Paris by Renzo,Piano is considered an exemplary
demonstration of a qualitative response to density. The complex of 220 flats and
maisonettes areset around the peripheryof a rectangulargarden. The two short sidesof the
rectangle are cut vertically, dividing the facade into three elongated blocks that are in
proportion to the surrounding buildings; the central space corresponds to the grain of a
medium-sized Parisian street; however its character is very different; showing a
contemporary response to the qualitative density. The massing and verfical scale of the
perimeterof the block, where the dwellings are located, which are orientated either into the
courtyard of toward the street, responds to the height and scale of the surrounding urban
fabric.

I

d:

C

Ruede Meaux housing,Parisby Renzo Pian023

Methodology of Assessment
The thesis has not established an objective, measurable way in which to assess the
qualitative density of adesign, due to its the inherently subjective nature. Therefore the
assessmentwill be based upon proposing the following questions. Firstly,does the design
provide the right integration between a high density of activity and dwellings necessary to
23Source: The Architectural Review,March 1992.
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support the area, in terms of sustainabilityand efficient use of land, and open, green and
hard space? Secondly, hasdue consideration been given to the arrangementand massing
of the scaleof the new building or buildings, and the correct degree of response been made
to the morphology of the surrounding fabric, if deemed appropriate? Therefore the
quantitative values proposed above can be informed by these two qualitative benchmarks.
To achieve compliance with the benchmark, the answer 'yes' should be capable of being
madeto both questions.

Conclusion
The benchmark is based upon whether or not a masterplanand dwelling or dwellings have
taken account of qualitative influence of density in their design. Therefore, the proposed
benchmarks for the criterion of qualitative density, seen in the context of the other
comparative benchmarks of the typical speculative dwelling and Drawn Study One, is
proposed in the table below.

Density: Qualitative
Typical UKspeculative dwelling

No

No

Europeancomparative: Rue de Meaux
DrawnStudy: 3

Yes

Yes

Yes

Yes

Yes

Yes

The'urban houm In PwadW

Density.,Qualitativebenchmarkfor the 'urban house in paradise'
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3.9 Design Life Span
The implication of time, and therefore the period of the lifecycle of the dwelling, is likely to have a
highly significant impact upon the overall perception of the sustainability of a project. Whole-life
philosophy is a critical issue in the consideration of the 'urban house in paradise'. For example,
whereas the Construction Taskforce, in their initial report, proposed reductions in costs year on
year in terms of the construction only, the Movement for Innovation, the body charged with the
interpretation of the recommendations of the Construction Taskforce into reality, extended the
applicability of its aims to include ten percent improvements each year in lifetime costs. However,
at present there is no definition of what the scope of lifetime costs would include, or how the
lifetime of a building is defined. ' The significance of time is highlighted through the large
proportion of the criteria that define the 'urban house in paradise' that are benchmarked in a unit
of magnitude that includes time asadimension. For example, energy consumption as I<Wh.M-2.aý
1,water consumption as I.p-1.d-1,C02 emission as kgC02. M-2.a7'.

Variety in the definition of the period of time considered as the lifecycle of the dwelling would
significantlyeffect the overall level of sustainabilityof the project. Evidently, the re-building of a
dwelling every few years would be unsustainable. However, the implication of lifecycle goes
beyond such literal and straightforward interpretations. For example, savings made during
construction through, for example rational construction methods, could be re-embodied in
increasingthe energy performanceof the dwelling, thereby maintainingthe typical construction
cost, but creating long term savings in both financialand ecological terms. Clearlythe magnitude
of such savingswill be significantlyaffected by the length of time over which such factors have an
impact,i.e. the period of lifecycle. The potential period in which to pay back increasedcapital cost
investment will be increasedif the life span of the dwelling is maximised.
In addition, the value of lifecycle mayalso vary in its period of appropriateness, in particularin the
owner-occupied market. The benefits of increased performance may have to be proven to have
value in shorter periods of time, for example the typical mortgage period of twenty-five years, or
even in the typicallength of ownership of five years. If people move on average every five years,
would any additional cost of increased performance standards have to be reaped within that
period? Or could it be argued that such attributes would havean equal value in the sell-on cost of
the dwelling? Such consideration mayindicatethe potential applicabilityof the matrixof criteriaof
the 'urban house in paradise' in terms of its future market. The rented sector, both public and
private, are more likelyto be concerned with the implicationsof the full life span of the dwelling, as
' Movementfor Innovation website, March1999, www.m4i.org.uk. However,the inclusion of lifecycle cost
was subsequently removedfrom the website, and replaced Wthconstruction cost again.
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oppose to a shorter period of occupancy, as the owner of the building will have a longer term
involvementthan the occupier.
Two attitudes could be adopted. Firstly a lifecycle figure could be proposed by the thesis; this
would be ageneric, averagefigure that, ascleterminedby the research,is amean value of the life
span of a typical urban dwelling. This would satisfy the purpose of an assessment that
determines the sustainabilityof a dwelling over its entire life span. However, the assessment is
then relianton afactor over which it hasno influence, and that overall sustainabilitycould change
dramatically0 the dwelling's life span were in reality longer or shorter than the benchmarked
mean, due to manycriteria being quantified in time dependant units of magnitude. The second
attitude that could be adopted is that the lifecycle would become a variable criterion within the
matrix A proposed function of the assessment of the 'urban house in paradise' is that it will
measure the consequential effects of benchmarks upon each other, and clearly varying the
period of lifecycle will have a significantconsequential effect on several benchmarks. This would
also account for variationsin the interpretationof the appropriate'lifecycle'of the dwelling.
The overall aimof the thesis is to produce a matrixof criteriaand an assessment methodology that
is a measureof the overall sustainabilityof a dwelling. In order to do this, its total lifecycle must be
considered, as sustainability requires a whole-life perspective.2 Therefore the thesis will
determine avalue of the lifecycle benchmarkfor use within the matrixof criteria. However, due to
the significant effect which altering that value may have, the assessment methodology will allow
this figure to be a variablevalue. Therefore it will be possible to determine, for example, the total
energy consumption, C02emission and the overall sustainabilityof a dwelling with a lifecycle of x
years, and comparethis for a lifecycleof yyears. In this way, the magnitude of the consequential
effect of varyingthe design life span can be demonstrated also.
The benchmark value attributed to the lifecycle criterion could be based upon the value of the
minimum design life attributed by the British Standard BS 7543 '3 to the category of buildings
within which new dwellings are covered. Defining the lifecycle of a dwelling by the minimum
designed life span would determinethe effects of the efficiency criteria. The BSI classificationfor
new dwellings is category four. and the value is a minimum of 60 years. in the case of the
assessmentmethodology being applied to arefurbishment project, an appropriate consideration
bearing in mind that the thesis is predicated on urban housing, then BS 7543 states that the
2The value and significance of lifecycle analysis (LCA)has beenMelldocumented.
3 British Standards Institute. BS 7543 - Guide to Durability of Buildings and Building Elements, Products
and Components,London: HMSO,undated.
4 Research Steering Group of the Building Surveyors Division and the Building Research Establishment.
Life Expectancies of Building Components,London: The Royal Institute of Chartered Surveyors, August
1992.
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minimumdesign life spanfor this, category3, is 30 years.
Prolonging the design life spanof a dwelling would have at least two significant benefits in terms
of sustainability. First is the increasedtime span over which factors such as increased insulation
standardscan have an affect on overall the savings in lifecycle terms; the longer the design life
span, the longer the period over which savings will be accrued, provided that the element is still
efficient in relative terms, as will be discussed next. Secondly, the longer the design life span,
the longer the period of time over which the initial embodied energy input of materials is being
utilised. Even if one hundred percent of the dwelling's matedais are recycled, there is an
embodied energy input into the recyclingand construction or assemblyprocesses, and therefore
the longer the period of each cycle of material use, the more efficient the material usage
becomes.
An additional consideration is that whilst the building itself will be one lifecycle consideration,
there will also be the aggregate lifecycles of its constitute parts, such as components and
servicingto consider. For example,the effective lifecycleof the heating system is liableto be less
than that of the building. With increasinglyefficient systems being developed constantly, there
maybe a criticalmoment at which it will be beneficialto replacethe heating system with one that is
more efficient, or alternativelyit will haveto be replaced atthe end of its life span. This will have an
unpredictableeffect on the lifetimeenergy consumption of the building, as it will be very difficult
to make accurate presumptions about the degree of increasing efficiency. The variability of
lifecycleswithin a dwelling is demonstrated by examplesin the table overleaf.

M
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Component

Life Expectancy (years)
Mean

Maximum

Stone

130

Soo

Brickwork

105

300

Renderfinish
Weatherboarding

42

200

33

150

Clay roof tiles

68

100

Concrete roof tiles

46

100

Windowsand doors - hardwood
Windowsand doors - softwood (painted)

66

300

32

150

Windowsand doors - softwood (UPVC)
Light fittings

32

75

22

50

Gas-fired boilers

20

50

Steel panel radiators

22

50

Electric immersionelements

14

50

WCs

37

200

Baths - plastic

20

75

Baths - steel

32

80

Showerunits

13

75

Meanand maximumpredicted life expectancyof some commonbuilding materialsand componentS4

As discussed under the ThermalPerformancebenchmark,because the envelope of the dwelling
hasthe longest life span, its level of performanceshould be as high as possible. As can be seen
in the table above, the fabric materialsof brick and stone have life spans well above 60 years.
Therefore, in order to improve the gains in efficiency made by the additional investment, both in
economic and embodied terms, and to increase the efficiencyof the embodied energy input into
the dwelling, it is proposed to increase the life span benchmark of the 'urban house in paradise'
from that of BS 7543.
The benchmarkwas chosen to be as nearas possible to the overall life span of the external fabric
of the dwelling, but to also be within close proximityto complete lifecycles of other elements with
shorter lifecycleswhich maybe replaced, or upgraded, during the overall life span of the dwelling.
For example, with a small amount of innovation in prolonging the lifecycle of the element, the
overall life span will be two lifecycles of concrete tiles, two lifecycles of hardwood windows and
three lifecycles of painted softwood windows.
In order to makethe maximumuse of the materialsused to construct her Oxford Solar House, the
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architect, Dr Susan Roaf, set the benchmark of a minimum design life expectancy of 200 years. 5
According to the data in the Life Expectancies of Building Components reporte the facing
brickwork from which the house is constructed will have to significantly out perform the mean life
expectancy of that material, which is 105 years if ft is to last the life expectancy of the dwelling; as
the maximum value is 300 years it could be an achievable target. However, according to data in
the report, the concrete roof tiles will have to be replaced at least once, as their maximum
estimated life is 100 years, and the mean is 46 years.

During the evolution of Drawn Studies Four and Five, an assumed value of the design life
expectancy of the dwelling was made. At 100 years this is above the design life expectancy
required of atypical dwelling. This value is in line with the maximum life expectancy that was
considered appropriatefor concrete blockworkand stone cladding!
In order to achieve an increase in the life expectancy of the dwelling, without making significant
increases in maintenance and the replacement of elements of the external fabric, careful
specification will be required. This vAll also have to be reconciled with other implications of
material selection to create a balance between the life expectancy of the dwelling and its
component parts, the level of embodied energy used in the extraction production, processing
and transport of those materials and components, and other ecological impacts of those
materials, such asthe depletion of finite natural resources.

The benchmarkproposed for the design life span of the dwelling must reflect the life span of the
materialsthat are used in the construction of dwellings. It would be irrationaland futile to propose
a benchmark that cannot be achieved through the life expectancy of the materialsthat form the
primarystructure of the dwelling. Setting the benchmarktoo high for the life span of the dwelling
mayalsomean that only a limitedselection of materialscan be used to create the structure of the
externalenvelope, which mightforce the selection of less sustainable choices. This is where the
interrelated structure of the matrix of benchmarks will assist in determining the best overall
balanceof choices between life span and embodied energy.

5 Roaf, Dr S. and Dr M. Fuentes. 'Demonstration Project for a 4kW Domestic Photovoltaic Roof in Oxford
Volume One', ETSU Report SIP21002361REP11,London: ETS U, 1999.
6 Research Steering Group of the Building Surveyors Division and the Building Research Establishment.
Op. Cit.
M
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Methodology of Assessment
The benchmark will be a design target, as the life span of a building cannot be determined with
any higher degree of accuracyat the design stage. The life span will be based upon the life
expectancy of the materialsfrom which the primarystructural envelope of the dwelling has been
constructed, as proposed under the ResearchSteering Group of the Building Surveyors Division
and the Building Research Establishment'sLife Expectancies of Building Components. Once
this has been determined, the impact of that life span on the other materials and components
used in the dwelling can be determined, in terms of how frequently they will have to be replaced,
and therefore how many times they will be replaced during the design life span. The impact of
this in terms of construction and maintenancecost can then be determined, as well a lifecycle
analysisof the energy consumption of the dwelling. Thiswill be based upon the initial embodied
energy in the dwelling, the embodied energy of maintenancethroughout the design life span,
and the annual energy consumption during the period of inhabitation.

Conclusion
benchmarksandthe proposedbenchmarklevelof the life spanof the
Therefore,the comparative
below:
'urbanhousein paradise'areassummarised
DesignLife Span (years)
Typical UKspeculative dwelling

60

Europeancomparative: RoafOSH
DrawnStudy: 5

200

The 'urban house in paradise'

120

100

DesignLife Span benchmarkfor the'urban house in paradise

'Ibid.
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3.10 Diversity
The architect Hans Kollhoff wrote:
'Housing' is a functionalist, anti-urban concept
that attempted to deal with the
...
chaos and conflicts of the city by means of a simple and clean strategy, but on the
unfortunately turned out to be boring and destructive of the complexity and
refinements of urban environments.

Rather than talk about 'housing', or even 'dwelling', I would suggest that we
consider 'urban building' to be the issue at hand, in all its complexity and
contradictions. Every urban settlement is liveable and ecological, it dwelling is a
decisive part of its structure. And in return dwelling, enriched by an urban
complexity of functions, becomes 'habitation' ... '
Clearly, diversity and difference in the mixture of functions is a critical part of Kollhoff's view
of dwelling within the multiplicity of functions that create a city.

His view of monofunctionalism is one of banality, which is at odds with the complex juxtaposition of functions

that are an integral attributeof the urban environment.
However, the benefits of programmaticdiversity are not limited to a reflection of complexity
of the city and consequent alleviation of monotony. The mixture of functions can also be
consideredcrucial to the potential sustainable urban form of the compact city, or the 'city of
short distances'. This criterion relates to the tangential issue of transportation, identified in
the Chapter 1, refer to volume 1, as another element which, like the dwelling, needs to be
integral to a wider drive to increasing overall sustainability. It is also an example of where
the criteria of that define the 'urban house in paradise' move beyond the scope of just the
dwelling, and into its surroundings.
Increasingthe programmaticdiversity of a project beyondjust that of housing, and therefore
providing other functions in close proximity to the dwellings, could reduce cars use, and
increase the likelihood of people walking to use those services. For example, in a medieval
Italian city such as Florence there was a huge diversity of functions within a short walking
distance of any point within the city. This would have the dual benefit of reducing local

I Kollhoff, Hans, 'Urban Building Versus Housing,' Lotus, Number 66.
0
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pollution arising as a consequence of emissions and reducing the consumption of nonrenewablefossil fuels.
The mono-functional housing developments typically produced on greenfield sites by
national house builders typify the banality and lack of the complexity and refinements of
urban environmentsidentified by Kollhoff. Research suggeststhat such dwellings on such
developments produceon averagesix to seven car journeys per day, counting those to and
from the dwelling as two.' These developments, through only encompassingone function
and poor location to services, result in the use of cars to accessother facilities.
An advantage of locating a multi-functionproject within an urban context is that the number
of occupants within a project need not provide the critical population required to sustain the
functions other than housing, due to the existing population. The range of functions that
could be encompassed within a project is very broad and could relate to either the
inhabitants or the surrounding urban environment. These functionscould include, subjectto
commercial viability, retail, commercial, workshops, recreational facilities, kindergartens,
doctor's surgeries and cafes or bars.
As this is a criterion that is not included within any other assessmentmethodology,a way in
which to quantify the performance of a project against it had to be devised. This had to
account for the variety of scales that urban dwelling projects might be, which would affect
their capacity to sustain other functions. The most straightforwardway in which to quantify
this in generic terms was consideredto be dividing the number of functions within a project
by the area of its site. This would be directly comparableto the calculation to ascertain the
quantitative density of a project, refer to Annexe 3.8, and therefore would minimise the
additional information required to undertakethe evaluation.
The Prisma development in Nuremberg, Germany is an ideal example of a mixed function
urban block. It was designed by the German architect Joachim Eble as a catalyst for the
area, and as a mixed function, socially balanced complex, underpinned by ecological and
energy saving principles. It encompasses61 flats, 32 office units, 9 shops, a cafd and a
kindergarten This total of potentially 13 different functions occupieS4an area of 3,122 M2
.3

2 Personal communicationwith John Whitelegg, Professor of EnvironmentalStudies, Liverpool John
Moores University.
3 Dawson,Layla. 'Walled Green City, TheArchitectural Review, Number 1205, July 1997.
M
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or 0.3122 ha.

Using the methodology outlined above, this can be translated into a
benchmarkof 41.6 functions per hectare.

The urban block in Drawn Study 1 also encompassed a number of functions, including
dwelling, commercial spaces, between 10 and 18 retail units and a caf6 or bar. Using the
same methodology, this can be benchmarked with a mean programmatic diversity of 53
functions per hectare. Due to the much lower scale of development and more remote
location, Drawn Study Three, Allerton Bywater - Scale of the Urban Grain, was not able to
achieve diversity as high as that of Drawn Study One; the benchmarkwas assessed as 1.3
functions per hectare.
The remote location and relatively small scale of developmentmeans that the benchmarkof
Drawn Study 3 is a disparate result in terms of a value to establish the performanceof the
'urban house in paradise'. Therefore it is not considered in terms of proposinga benchmark
for this criterion, which is based upon the European comparative and Drawn Study 1.
However, despite the fact that an exemplary comparative building was selected from a
number of possibilitiesthat were considered,this is a limitedsample. Therefore it would be
prudent, if the benchmarkingprocess were to be extended, to validate this value with other
precedents. A benchmark value has been selected for the 'urban house in paradise' that is
closely comparable to the two values determinedabove, of 50 functions per hectare.

Methodology of Assessment
The quantification of the benchmark value of programmatic diversity is a measure of the
number of functions within a defined area, which is the site of a new housing project. This
can be summarisedby the following equation:
Value of Diversity=

Numberof functions / Area of the site

Conclusion
Therefore,the proposedbenchmarkfor the criterionof Diversity,seenin the contextof the
other comparativebenchmarksof the typicalspeculativedwelling,Europeancomparative
4 The dwellings and offices are consideredas one function; however, as the shops could be individual
in terms of their clientele, they are consideredindividually,
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and Drawn Study 1: Glasgow- Scale of the Urban Block,is proposedin the table below:
Diversity (functions.ha-')
Typical UK speculativedwelling

1

Europeancomparative:Prisma

42

Drawn Study: 1

53

The'urban house In paradise'

50

Diversitybenchmarkfor the Iurban house In paradise'

M
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3.11 Domestic Waste Recycling
Research by the Department of the Environment, Transport and the Regions, published in
June 1997, states that 23.82 million tonnes of household waste was produced in England
and Wales in the year 1995 to 1996; it is estimated that this value will increase on average by
3 percent per annum. 1 To put this another way, each household in the United Kingdom
produces an average of over 1 tonne of waste per annum. ' This is approximately 5 percent

of the total annual waste arising in the United Kingdom.3 The vast majorityof this waste is
disposed of through landfill, an 'out of sight, out of mind attitude' to waste management.
Landfill sites produce leachate that can pollute ground water, and also produce methane
which, kilogrammefor kilogramme,is 70 times as potent as a greenhouse gas than carbon
dioxide. Current attitudes to waste disposal, therefore, are not only problematic in terms of
creating polluted holes in the ground; they aJsohavealinear attitude to materialuse, in which
natural resources aredisposed of at the end of one lifecycle, which generates pollution and
contributes to the greenhouse effect, and therefore global sea level rise.
To a great extent, at least at present, domestic waste recycling in the United Kingdom relies
heavily on the proactive initiative of inhabitants to separate waste and take it to a local
collection point themselves. Some localauthorities, as demonstrated by Leeds City Council
at Allerton Bywater, have a future plan of dual collection, with one receptacle for nonrecyclable materialand one for recyclable materials. Others, such as Bradford Metropolitan
City Council, are in the trial stages of dual collection, also with one receptacle for nonrecyclable materialand one for recyclablematerials.
The extent of separation of these materials may vary greatly; in areas of Germany; for
example, seven or more receptacles are used to separatewaste, by material type, prior to
collection. This can be compared with the previously described example within the United
Kingdom, where separationis carded out after collection and therefore only two receptacles
are required. In either case there will be the need for storage within the dwelling for
recyclableand non-recyclablematerials.As the matrixof criteriathat define the 'urban house
in paradise' is not able to predict the future, the implicationson space of the benchmarked
level of domestic recycling in the context of different scenariosshould be considered.

I 'Recycling Revolution',Panorama,BBCTelevision, 26 June 2000.
2 Departmentof the Environment,Transportand the Regions. A Better Quality of Life -A Strategy for
SustainableDevelopmentfor the UK, London:HMSO.May 1999.
3 Madden, Pauline. Sustainable Waste Management,unpublished BSc Construction Management
thesis, LiverpoolJohn MooresUniversity, 1997.
M
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The benchmarkvalue of reduction in domestic waste through recycling, and its consequent
space provision, Oll depend also upon the proportions of recyclable waste within the
averagedomestic weekly output. The Centre conducted research for the Biology of Natural
Systems (CBNS)at Queens College of the City Universityof New York. A pilot project for
domestic recyclingwas carried out to determine the percentageof domesticwastethat could
be recovered in marketable formS.4 The waste collected was categorised under three
headings: recyclable materials,compostable materialsand non-recyclable materials. The
actualfigure of the waste recovered by composting and recycling was 84.4 percent of the
original domestic waste.
The Allerton Bywater Millennium Community Competition Brief set a target of a 50 percent
reduction in household waste, and to reduce landfill waste to near zero.5 In the light of the
CBNS research,although it maybe asignificant step forwardfrom the current situation, a 50
percent reduction in domestic waste through recycling is not pushing the potential limits; a
benchmarkof innovative best practice should, therefore, reflect this.
Therefore, the benchmarkvalue and space provisionwill be dependent upon the total waste
produced each week, and the proportions of recyclable matedalthat this is composed of.
Research conducted on behalf of Merseyside Waste Disposal Authority, by AEA
Technology, put forwardthe following asthe waste composition of the typical dustbin waste
in a largely urban area. This is summarisedin the table overleaf. These figures confirm that
more than seventy five percent of domestic waste is potentially recyclable.

4Weizsacker, Ernst von, AmoryB. Lovins and L HunterLovins. Factor Four - Doubling Health, Halving
Resource Use, London: Earthscan PublicationsLimited,1998.
1 English Partnerships, Millennium Communities Competition - Allerton Bywater Stage Two
DevelopmentBrief, 1998.
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Percentage

Material
Paper/card

31.9

Plasticfilm
DensePlastic
Textiles
Miscellaneous
combustibles

4.9
5.3
2.5

Mass(kg.p'. wk')
3.0
0.5
0.5
0.2
0.7

8.0

Miscellaneous
non-combustibles
Glass
Putrescibles

2.6
8.1

0.2

20.7

Ferrousmetal
Non-ferrousmetal

5.6
1.3

1.9
0.5
0.1

<10mmfines
Total

8.9

0.8

100

9.3

0.8

Compositionof weekly domesticwaste for typical urban MerseysidedwellingO

The national averagedomestic wasteproduction is approximatelyone tonne per household
per annum,or approximately19.2 kg per household per week. The research conducted on
behalf of Merseyside Waste Disposal Authority showed that the region's 580,000
households produce approximately 380,000 tonnes of waste annually, or 25 kg per
household per week. Work carded out under the National Household Waste Analysis
Project, whose results were in line with the 1995 to 1996 Department of the Environment,
Transport and the Regions municipal waste management survey, indicates that the
introduction of wheeled bins increasesthe quantity of domestic waste by twenty percent, as
a consequence of their increased capacity; this increase is largely attributed to garden
waste.7 This increase is demonstrated by the figure of the average production per week by
Merseyside'shouseholds, where three of the five collection authorities use wheeled bins,
which is slightly over twenty five percent above the national average.
Inorder to encourage domestic waste recycling,the EnvironmentalStandardcriteriacall for a
set of four containers, which are distinctly identifiable as being for different purposes, for
example through colour, with a total capacity of, at minimum, 240 litres, or 0.24M3 (the
approximatecapacityof atypical wheeled bin), per household. In addition, to be capable of
accommodating additional waste receptacles in the future, a storage area of at least two
Figuressupplied by MerseysideWaste DisposalAuthority.
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square metres must be provided. 8In areas of Leeds where dual collection is in progress, one
of the two wheeled bins, with acapacity of 240 litres, is split into two compartments, one for
organic and one for non-recyclable materials; a similar bin is provided for dry recyclable
material. The town of Bury in Manchester has a similar process. " Whilst a project may not be
capable of initiating a recycling programme, it should, as a minimum benchmark provision,
provide the capability of storage for separated domestic waste into recyclable materials and
non-recyclable refuse to be either collected or taken for collection from the dwelling.
Therefore whilst the combined mass may remain fairly constant, the facility for waste storage
must account for separation at the source, i.e. within the dwelling, or wherever the waste
storage is located. It must also take into account that different locations may have different
collection processes, in terms of the size, type and number of bins to be accommodated. If
additional receptacles are to be provided for recyclable and compostable (putrescible)
materials, as with wheeled bins the overall capacity will tend to increase, due to the combined
capacity being above that of the traditional dustbin. This is confirmed by the proposed
Environmental Standardfigure for four receptacles, which is the same volume as a wheeled
bin. Therefore, the base figure from which to calculate the benchmark of domestic waste
reduction, through recycling, will also be affected by the twenty percent increase that
wheeled bins create; as this is largely garden waste it will be compostable. The national
average base figure is, therefore, 23.0 kg per household per week. This figure is then to be
rationalised into a figure for the waste per person per week, to account for the diverse range
of dwelling sizes that can constitute urban housing. Using the mean occupancy figure of
2.40 persons per dwelling'O this equates to a national base figure of 9.6 kg per person per
week. "

Researchby the DETR,published in June 1997, suggests that of the 23.82 milliontonnes
of household waste produced in England and Wales in 1995 to 1996,1.54 milliontonnes, or
6.5 percent, was recycled.12 85 percent of the total was disposed of through landfill; the

I Prior, J. J. and Paul B. Bartlett. EnvironmentalStandard - Homesfor a Greener World, Garston:
Building ResearchEstablishment, 1995.
Ibid.
'0 Office for NationalStatistics. Living in Britain - Results from the 1995 General HouseholdSurvey,
London: HMSO,1996.
11Thecriterion is also used in EcoHomes,the subsequent revision of the EnvironmentalStandard, but
not with such exacting requirements. Rao,Susheel, Alan Yates, Deborah Brownhilland Nigel Howard.
EcoHomes- The EnvironmentalRating for Homes, London: Construction Research Communications
Limited,2000.
12Departmentof the Environment. 'Authoritative MunicipalWaste Statistics Released',press release,
9 June 1997.
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remaining8.5 percent was disposed through incineration, 3.5 percent with some form of
heat recovery. With approximately20,875,000 dwellings in England and Wales at that time,
the 23.82 million tonnes equates to 1.1 tonnes per household per annum, or 21.9 kg per
household per week, or 9.1 kg per person per week.
Whilst no benchmark will be capable of guaranteeing an influence upon the inhabitant's
lifestylehabits, and cannot, therefore, ensure that inhabitants of dwelling adopt the practice
of separating materials,it should at least benchmark the dwelling's provision and potential
performance. Therefore, the proposed benchmark for the matrix will be the reduction of
domestic waste by 75 percent of the standardweekly output, a factor four reduction, on the
basisof the anaJysispresented above. Interms of the typicaloutput level at present, this will
equate to the reduction to the domestic refuse output of 2.4 kg per household per week,
and a recyclable materialoutput of 7.2 kg per household per week.
The method of storage and collection will be influenced, in the United Kingdom, by the
individual local authorities, and therefore it is impossible to benchmark the provision of
receptacles. However the spatialprovision can be proposed, for which the Environmental
Standardfigure is adopted of, at minimum,2 square metres of storage space per dwelling.

Methodology of Assessment
Compliance with the benchmark will be determined by at least the space provision for
multiplereceptacles for recyclable waste, of an area of 2.0 M2. Large-scaleprojects should
also include a strategy for the management of collection of sorted waste, such as that at
Allerton Bywater.

Conclusion
Therefore,the comparablebenchmarksfor the levelof domesticwastecan be summarised
asfollows:
Refuse

Recycled

Typical UKspeculative dwelling

8.7

0.6

Europeancomparative:
DrawnStudy: 4

-4.8

4.8

The 'urban house in paradise'

2.4

7.2

Recycling DomesticWaste benchmarkfor the 'urban house in paradise'
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The storage area dedicated to separated waste will also form a part of the basis of the
benchmark:
Area for storage (M2)
Typical UKspeculative dwelling

0

Europeancomparative:
DrawnStudy: 4

0.24

The 'urban house In paradise'

2.0

RecyclingDomestic Waste benchmarkfor the 'urban house in paradise',in terms of space provision
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3.12 Ecological

Significance

of the Site

Whilst the thesis is predicated on urban housing, it should not be assumed that the land
upon which the 'urban house in paradise' is constructed will therefore be of low ecological
value. Also, following the Government's aspiration that 60 percent of the new dwellings
required by 2016 areto be sited on brownfield, or previously developed, sites it should not
be assumed that all brownfield sites are of low ecological significance. The re-use of
previouslydeveloped land will assistin reducing or arrestingthe destruction of natural habitat
and the biodiversity it supports. Indeed, green and ecologicallyrich spaces are crucialto the
diversity that is one of the attributes of the urban environment. However, brownfield land
mayalso have a hidden ecologicalvalue, particularlyif it hasbeen derelict for aperiod of time.
The Absolutely Constant IncontestablyStable Architectural Value Scale, developed by the
Americanarchitect MalcolmWells in the early 1970s, determined the impact of a building on
the ecology of its site on the basis of its positive and detrimental effect on habitat and its
effects on the natural resources of the site.' Wells' crfteria were subsequently interpreted
into a 'Matrix of Sustainability', published in 1992, by the American architect William
McDonough. Interms of impactupon the site, McDonough'smatrixvalued a development in
terms of the following criteria:
destroys rich soil
destroys nutrients
produces no food
destroys wildlife habitat
uses high productivity land

protects/createsrich soil
creates/addsnutrients
produces food
provides wildlife habitat
uses low productivity land'

The Building Research Establishment's EcoHomes assessment model also considers the
ecological value of the site, in an attempt to,
discourage building on ecologically valuable sites and to raise awareness of, to
...
protect and to enhance locaJecology. 3

Credit is assigned for building on land that meets BREEAM's pre-determined criteriaof low
ecological value, which principally is land that has previously been built upon or is
' Wells, Malcolm. The Absolutely Constant Incontestably Stable Architectural Value Scale,'
ProgressiveArchitecture, March 1971.
2Cole, Raymond.J. 'Prioritising EnvironemntalCriteria in Building Design and Assessment,' from P.
S. Brandon, P. L. Lombardiand V. Bentivgna. Evaluation of the Built Environment for Sustainability,
London: E&FN Spon, 1997.
3 Rao, Susheel, Alan Yates, DeborahBrownhilland Nigel Fioward. EcoHomes - The Environmental
Ratingfor Homes, London:ConstructionResearchCommunicationsLimited,2000.
4
Ibid.
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contaminated. However, a derelict, demolished site may provide a habitat for important
species. If the criteria of a low ecological site are not met, in order to achieve credit, a
certificate must be obtained from the Royal Society for Nature Conservation (RSNC)
confirming that the site is of low ecological significance. In the event that the site is of
ecological value, confirmation must be made that the recommendations for minimising
ecological damage will be undertaken. Additional credit from EcoHomes can be achieved
through providing a"positive enhancement of the site ecology" 4through recommendations
from the RSNC.
The criteriaused by EcoHomes to determine if land is of a low ecological is surnmarised
below; only those applicableto an urban site have been included.
Type of land:
Land which is entirely within the floor plan of a building demolished within the past 2
years.
Land which is entirely covered by other constructions such as sporting facilities (hard
surfacetennis courts, or outdoor swimmingpool) car parking or such constructions
which have been demolished withinthe past 2 years.
Land which is contaminated by industrial or other waste to the extent that it would
need decontaminationbefore building.
Ecologicalfeatures:
Is site devoid of trees or hedges above 1m high?
Are ponds, streamsand riversabsent?
Provided that the land for the site falls into one of the three categories of type of land, and
the questions on ecologicalfeatures are allnegative, then the land is considered to be of low
ecologicalvalue.
The Canadian BEPAC environmental assessment method, which was created for the
assessment of new and existing office buildings, assess the impact on the site in terms of
the site use, watercontrol on the site, and preservationof the landscape.
The United Kingdom Environmental Assessment system, which although unlikely to
become a mandatory requirement for an urban housing project, does account for
consideration to be made of the direct and indirect effects of the development on flora and
fauna, soil, water and air. To some extent this could be considered as an account of the
ecological value of the site, but it is more an analysisof the effects of the development on
the ecology of the site, ratherthan an appraisalof its ecological significance.
ecologicalsignificanceof the site-5.2.01: =

In the 1996 Green Paper Household Growth: Where Shall We Live? The Government
proposed that 60 percent of the new dwellings to be constructed by 2021 should be sited
on brownfield, i.e. previously developed, sites. This value can should be seen in the
context of the current balance between greentield and brownfield land use for residential
development in the United Kingdom, derived from the Urban Task Force report, which is
approximately 53 and 47 percent.5 Greenfield land is considered as a primary natural
resource,and its use has implications,in anthropocentricterms, for materialand energy use,
and in deep ecologicalterms for biodiversityand hydrology-6
As the matrixof criteria that defines the 'urban house in paradise' is predicated on urban
housing, the benchmarkfor brownfield land use should be above that of the Government's
benchmark, which is concerned with all new housing construction. To minimise the
consumption of natural resources, the ideal value for this benchmark would be that 100
percent of the site should be brownfield land. An analysiswill aJsObe undertaken, based on
that of EcoHomesabove, to ensure that the brownfield land is of alow ecologicalvalue.
DrawnStudy 3, of the urban grain for the masterplanof the MillenniumCommunity at Allerton
Bywaterwas a former oolliery site. It was chosen by the Department of the Environment,
Transport and the Regions as a site for the competition because it demonstrated the
development of a brownfield site. It was also contaminated, and had to be decontaminated
and an 800 mmcapping layerlaidacrossthe whole site.
In 1990 the IBA Emscher Park set out an ambitious programmeto rehabilitate parts of the
Ruhr. Haffacentury ago this was Germany'sBack Country and centre for heavy industry, but
is now an areaof high unemployment and polluted wasteland. A housing competition was
organised by IBAwith emphasison agreen strategy both for a healthy environment and low
energy use. The brief called for about 250 dwellings and other social facilities on a seven
and a half hectare site on the edge of central Gelsenkirchen. The architects SzyszkowitzKowalskiwon the competition. The site itself had its own particularchallenge in the form of
the polluted soil, something which the Germansare more conscious about than many other
countries in Europe. For this reason,the soil was removedto adepth of six metres and three

5 Derived from Land Use Change Statistics in: Urban Task Force. Towardsan Urban Renaissance,
London: E&FN Spon, 1999.1
" Personal communication form Professor John Whitelegg, Professor of Environmental Studies,
Liverpool John Moores University, 7 November1999.
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artificialhills were raised with imported soil. These hills provided, in part, the inspiration for
Szyszkowitz-Kowalski'sdesign.7
The organicdesign of the uHousing site layout followed the contour lines of the three hills,
with a cranked line of dwellings, each with an inner core. This grouped the dwellings into
three manageablebatches, with a differing relationship to each other. The northern most
enclave is half-open to the existing street, whilst the other two have urban sides containing
retail units which engage with existing buildings. A man-made watercourse that runs
diagonallythrough the site dissects the three enclaves, acting as the mainspine. Waterfrom
the surrounding buildings is channeled via high level aqueducts, which deliver their
contents via open chutes into the watercourse. The water flows into the main oval space,
which becomes a temporary lake. Paths on either side of this waterway link all three
enclaves, which act as focal meeting points with cafes and shops. Changes in level across
the section are exploited, both with the central valley for the water and steps rising into the
surrounding hills. This project demonstrates the innovative re-development of a heavily
contaminated site, and the integrationof the design into the process of decontamination.

Methodology of Assessment
The process of assessmentthat will be used to determine the performanceof the dwelling
against the benchmarks of the 'urban house in paradise', for each of its dimensions, is
summarisedbelow.
The site will be assessed to determine if it fulfils the Department of the Environment,
Transport and the Regions' criteria for brownfield site compliance. To achieve the
benchmark standard,the total site area must be compliant with the definition of brownfield
land, which is summarised below, which is taken as that of previously developed land in
Planning Policy Guidance Note Number3 (PPG3).8
"Previously developed land is that which is or was occupied by a permanent
structure, and associated fixed surface infrastructure. The definition covers the
curtilage of the development...
"The definition excludes landand buildings that arecurrently in use for agriculturalor
forestry purposes, and land in built-up areas which has not been developed
previously (e.g. parks, recreation grounds, and allotments - even though these
7 Architectural Review,Number1214,April 1998.
1 Departmentof the Environment,Transportand the Regionswebsite, 4 May2000:
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areas may contain certain urban features such as paths, pavilions and other
buildings). Also excluded is land that was previously developed but where the
remainsof any structure or activity have blended into the landscape in the process of
time (to the extent that it can reasonably be considered as part of the natural
surroundings), and where there is a clear reason that could outweigh the re-use of
the site - such as its contribution to nature conservation - or it has subsequently
been put to an amenity use and cannot be regardedas requiring redevelopment."

Once it has been established that the site is brownfield, it will then be assessed to ensure
that it is also of a low ecological value. This methodology will be based on that used in
EcoHomesto determine the compliance with its benchmarks. Therefore, the site should be
able to be described by one of the descriptions of landtype, and therefore answer 'yes, and
should have none of the ecologicalfeatures described, and therefore answer'yes'.
Type of land:
Is site composed of land that is entirely withinthe floor plan of a building demolished
within the past 2 years?
Is site composed of land that is entirely covered by other constructions such as
sporting facilities(hardsurfacetennis courts, or outdoor swimmingpool) car parking
or such constructions which have been demolished within the past 2 years?
is site composed of land that is contaminated by industrial or other waste to the
extent that it would need decontaminationbefore building?
Ecologicalfeatures:
Is site devoid of tress or hedges above 1m high?
Are ponds, streamsand riversabsent?

Conclusion
Significance
Therefore,the valuesfor the Ecological
of the Sitebenchmarks
of the 'urban
benchmarks
housein paradise',
seenin the contextof the othercomparative
of the typical
dwelling,Europeancomparative
andDrawnStudyThree,is proposedin the
speculative
tablesoverleaf:

htm,
detr.gov.uk/ppg3/9.
www.planning.
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Proportion of site that is brownfield

Typical UKspeculative dwelling

47

Europeancomparative:ul-lousing
DrawnStudy: 3

100
100
100

The 'urban house In paradise'

Brownfield landbenchmarkfor the 'urban house in paradise'

LandType

Ecological Features

Typical UKspeculative dwelling

No

Unknown

Europeancomparative: ul-lousing
DrawnStudy: 3

Yes

Unknown

Yes

Yes

Yes

Yes

The 'urban house In paradise'

Ecological value benchmarktor the'urban house in paradise'
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3.13 Ecological

Weight: Embodied Energy

I

discovered that people did not talk about whata house weighed. Nobody talked
...
about having a beautiful little 350-ton cottage or a700-ton Georgianjob. Thatwasn't
the language.'
Richard BuckminsterFuller

For the influential and innovative American architect Richard Buckminster Fuller (18951983), the weight of a building became a critical consideration in the development of the
industrialisationof housing production. A significant part of this preoccupation was of the
inefficiency of the performance per unit weight of buildings when compared to other
structures of a similar scale, such as ships. He demonstrated this with the comparison
between the Hotel Belmont in New York City and the Mauretania, which had similar
performance characteristics in terms of useable space per passenger and guest, and
concluded that if the Mauretaniaweighed as much per unit of performanceas the Belmot,
she would have sunk on launching.2
The ecologicalweight is, in the spirit of Buckminster Fuller, a measureof the overall material
efficiency for adwelling; in other words, ameasure of the overallembodied energy within the
whole building, as opposed to a general measureof just the embodied energy per unit mass
of the particularmaterialsfrom which the dwelling is constructed. This will, therefore, account
for materialswith a low embodied energy level per unit mass,but that tend to be used in large
quantities, such as concrete; also, conversely, lightweight materials with a high embodied
energy per unit mass, but as they are lightweight, have a much larger volume per unit of
energy. This assessment will also account for the, say, structural efficiency of the material
itself If a materialhas a slightly higher embodied energy per unit mass, but is significantly
greater in terms of the efficiency with which it performsits role, it could be more efficient than
a material which has a lower embodied energy per unit mass, but is required in greater
quantity, leading to a lower cumulative level of embodied energy within the building as a
whole. As proposed in the Conclusions, Chapter 12.0 in volume 1, the criterion could also
be developed further than is considered here, to account for increased levels of mass, and
therefore embodied energy, to create efficiency in energy consumption during inhabitation
through high thermalmass.

in harmonywithincreasingthe efficiencyof dwellingsisthe reductionof the impactupon the
' Meller,James (ed). The BuckminsterFullerReader,JonathanCape Ltd., 1970, p. 162.
2 Ibid.
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environment of their creation. The ecological weight benchmark will determine the level of
the overall embodied energy of the 'urban house in paradise, ' and a part of this caJculation is
the embodied energy of the materials from which the dwelling is constructed.
The
embodied energy of a material is defined as the energy consumed during the extraction,
processing, manufacturing and fabrication, and transport during the period from when it is
first wrenched from the ground to when it is delivered to the building site. It has been
demonstrated that the embodied energy of construction materials typically accounts for 10
percent of the United Kingdom energy use. 3

The embodied energy of a material, and consequent emissions arising from that energy
expenditure, is only one of a range of factors that will affect the overall environmental impact
of a material;others include the ecologicaldegradation arisingfrom extraction,depletion of
resources, lifecycle and potential recyclability. Despite this complexity of other issues, the
embodied energy value of a matetial will still give an indication of its overall level of
sustainability. For example, the amount of energy expended in extracting a materialwill be
proportional to the overall ecological impact that extraction has made. Also, the embodied
energy of a matetialwill be indicativeof the emissions,such as C02, created by the extraction
and processing of the material.4
Most research has tended to confirm ... that the lower the level of processing
needed in the production of materials,the lower the environmentalimpact.5
The British architecturalscientist S. V. Szokolay has attempted to determined value for the
embodied energy of a range of frequently used building materiaJs,and categorised them
into three levels of energy intensity." This is summarisedin the table overleaf.

3 Connaughton,J. N. 'Real Low-EnergyBuildings -The Energy Costs of Materials,' in Roaf, S. Energy
Efficiency, Oxford: Oxford University Press, 1993.
4 Vale, Brenda and Robert. GreenArchitecture - Des4n for a Sustainable Future. London: Thames
and Hudson Limited, 1996.
r'Smith, Maf, John Whiteleggand Nick Williams. Greening the Built Environment, London: Earthscan
Limited, 1998.
Szokolay, S. V. EnvironmentalScience Handbook,London:The Construction Press, 1980.
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Material
Lowenergymaterials(<1kM. kg')
Sand,gravel
Wood
Concrete
Sand-lime
brickwork
Lightweight
concrete

EnergyContent(kWh.kg')
0.01
0.1
0.2
0.4
0.5

&Wiumenergymaterials(1-10k M. kg")
Plasterboard

1.0

Brickwork

1.2

Lime
Cement

1.5
2.2

Rockwool
Glass

3.9
6.0

Porcelain
Higheneigymaterials(>10k M. kg")

6.1

Plastics

10

Steel

10

Lead

14

Zinc
Copper

15

Aluminium

56

16

EmbodiedEnergyof CommonBuilding Materials'

it is important to consider that these values measurethe embodied energy per unit mass,
such as tonne or kilogramme,and that whilst materials such as aggregate and concrete,
although having relativelylow embodied energy levels per unit mass, are likely to be used in
large quantities. Also, materialssuch as insulation, whilst having a relatively high embodied
energy per unit mass,will have a large volume per unit mass, as opposed to, say, concrete.
Therefore, the overall level of embodied energy used to insulate a dwelling may be lower
than one might anticipatefrom simplycomparingembodied energy levels per unit mass.
The Building Research Establishment has conducted research into the embodied energy
used to produce building and construction products in the United Kingdom.8 Analysis
' lbid
West, John, CarolAtkinson and NigelHoward. 'EmbodiedEnergy and Carbon Dioxide Emissions for
Building Materials,' Proceedingsof the First International Conference- Buildingsand the Environment,
CIB Task Group8, Building ResearchEstablishment, 16-20 May 1994.
0
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indicatedthat the majorityof energy consumedto produce building products was associated
with the production of aggregates, cement, clay bricks, wood, glass, steel, plaster and
plasterboard. The am of the work was to update the embodied energy and associated C02
emission of these seven materials. Within the research, the embodied energy figures
include an assumption of the energy consumed during the extraction and transport of raw
materials,including imports, the energy consumption in processing and manufacture into
materialfor direct use in construction, and the energy used to transport to site. The on-site
processing and wastewere factorsthat were not accounted for.
The Green Building Digest is a publication that specialises;in the environmental impact of
building matedaJs;each edition is predicated on a particularcomponent or element, such as
glazing or roofing materials,and the environmental consequences of the different options
for that element are analysed,in terms of, for example, their energy use, resource use, and
their effects phenomena on global warmingand acid rain.
The standardfigures of embodied energy only account for the primary use of the building
materials,and do not take into account recycling,where the embodied energy of the material
will be apart of the lifecycleof the previous building, as'extraction' will be through demolition
or deconstruction. Researchsuggests that the energy embodied in recycled materialscan
be significantlyless than that consumed in the processing of virgin ore; this is demonstrated
in the table below.
Energy Consumedin Processing.(BTU.1b")

Material

Virgin ore

% saved by recycling

8,300

Recycledmaterial
4,400

Aluminium

134,700

5,000

96

Copper

25,900

2,150

92

7,800

7,200

8

49,500

1,350

97

8,800

23

Steel

Glass
Plastics
3per

1
1

11,400

1

47

Energy consumedby virgin and recycled processingfor common materialso

The following list presents a summaryof the materialsconsidered in the research by the
Building Research Establishment,Szokolay and the Green Building Digest, in terms of their
0 Hayes, D. Repairs, Reuse, 'Recycling - First Steps Toward A Sustainable Society', Worldwatch
paper23, Washington: WorldwatchInstitute, 1978.
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embodied energy:
Material
Aggregates
Naturalcrushed rock
Fixedsite recycled
On-site recycled
Sand and gravel
Cement
Average
With pfalggbs
UK Clay Brick
Continuouskiln Flettons
Cont. kiln non-Flettoncommons
Cont. kiln facing and engineering
Intermittent kiln face and engin'ing
Timber
Importedsawn softwood
Indigenoussawn softwood
Importedsawn hardwood
Indigenoussawn hardwood
Glass
Flat glass
Glass fibre
MineralFibre
Plaster and Plasterboard
Plaster
Plasterboard
Steel
Newstrip
Newsection
Recycledstrip
Recycledsection
Other Metals
Stainless steel

Aluminium
Aluminium(recycled)
Lead
Lead (recycled)
Copper
Copper(recycled)
Zinc
Roofing
Clay tiles
Naturalslate
Concrete tile
Glass fibre felt
Plastics
PVC
Polypropylene
Polyethylene

Embodiedenergy
(GJ.t-')

EmbodiedCO, emission
(kg.t")

0.5
0.4
0.1
0.4

37 (Transportonly)
30
0
25

5.3
4.8
5.0
3.8
6.5
10

630
540
920
1,400

7-9
5.7
1-10
5.7

600-1,000
710
600-1,100
710

13
30
24

1,100
2,500
2,200

1.8
2.7

160
240

35
32
10
9

3,400
3,200
1,800
1,600

180to240
10 to 18
190
10
70
10 to 60
65
6.3
<4
1
15-18

1,600
26,000 to 37,000
16,000
7,000
1,000 to 6,000
6,000
530 (not inc transport to site)

53 to 68
100
85
Indicativeembodiedenergy and embodiedCO, for building materials"'

10West, John, Carol Atkinson and Nigel Howard. 'Embodied Energy and Carbon Dioxide Emissions for
M
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From these figures, the value of the total ecological weight of the dwelling can be
determined.
Szokolay, through the values of the embodied energy in materials,determined a value for
the total embodied energy, or 'energy investment', of 1,000 kWh.m' for typical domestic
buildings." As Szokolay goes on to explain, estimatesof the energy content for a 100 M2
two bedroom dwelling can varyconsiderablydepending upon the construction method, and
cites two examples. The first, of 50,000 kWh, or 500 kWh.M-2,is for a timber frame singlestorey dwelling, with a brick outer leaf, in Australia;the second, of 110,000 kWh, or 1,100
kWh.M-2,is a brick two-storey dwelling in the United Kingdom. Although Szokolay does
acknowledge that variations may have occurred due to climatic reasons and differences
between methods of accounting for the embodied energy in materials,it is clear that the
method of construction, and the efficiency with which construction utilises material
resources, will have a significant impact upon the total level of embodied energy in a
dwelling.
As the level of embodied energy in a materialis also an indicator of the degree of pollution
caused by the extraction and production of that material, and its overall sustainability, the
level of the total embodied energy of a dwelling will be a good indicator of its ecological
impact,or weight.
Research has been undertaken by the Building Research Establishment into the potential
transfer of embodied energy values for materials into whole building scenarios, and the
effect on the overall level of embodied energy in the building of varying the material
specification.12Preliminarystudies of standard designs for three bedroom dwellings in the
United Kingdom indicate that potential savings of between 10 and 15 percent could be
achieved through the specification of components or elements with a lower embodied
energy. Translating these potential reductions into Szokolay's figure for the total energy
investment of typical domestic buildings, of 1,000 kWh.M-2, would produce a new
benchmarkfor the ecologicalweight of 850 to 900 kWh.M-2.
The Greenwich Millennium Village project established a benchmark reduction in embodied
energy of 50 percent. This was translated, using baseline data of an elemental analysisof
the standard specification for a residential unit, into a preliminaryquantitative benchmark of
Building Materials'; Szokolay, S. V. Op. Cit.; GreenBuildingDigest, various editions.
11Szokolay, S. V. Op. Cit.

ecologicalweight:embodiedenergy-5.2.01:

214.4 gigajoules of energy for a 60.9 M2 mid-floor apartment13 The reason for this
.
translationwas in order to create representative values for each target against which the
actual performance of the dwellings can be measured. This value can be converted into
units that can be comparedwith figures above. Measured per unit area, this would be 3.52
GJ M-2,or 977.9 kWh.m-2.Thisfigure is then used by the Greenwich MillenniumVillage team
to determine if their embodied energy is achievingthe reduction from a baseline benchmark.
The GMV value is within 3 percent of the figure derived from Szokolay, which increases
confidence in its value as a baseline benchmark; also, the GMV value is for a different
dwelling type, a mid-floor apartment flat, to the Szokolay one, an individual low rise house,
which increases confidence that the value can be related to different dwelling types. The
benchmark that the GMV team propose, if they achieve a 50 percent reduction, would be
488.8 kWh.m-2.
In terms of a standard of best practice, innovative projects have already achieved
considerable savings in the level of energy embodied in new dwellings. Homes built for the
Knightstone housing association achieved a 75 percent saving in embodied energy over
conventional housing, through the use of low-mass construction
and prudent
specification. "'

Applying this reduction to the figure determined by Szokolay for the

embodied energy of conventional housing would give avalue of 250 kWh.M-2.

The analysisof the dwelling, created in Drawn Study Four established that the Ecological
Weight: Embodied Energy benchmark was 640.6 kWh.M-2. This is below the typical value
derived from the analysis of Szokolay, but significantly above that of the Greenwich
MillenniumVillage's target derived from their DraftBenchmarkingManual. The high value for
an innovative project is because the construction technology used intended to ma)dmisethe
thermal massof the dwelling, and hence used asignificant quantity of concrete.

Methodology of Assessment
The embodied energy content of the dwelling can be determined by calculatingtotal massof
each different material used to construct it, including at least all of the materials used to
12West, John, CarolAtkinson and NigelHoward. 'EmbodiedEnergyand Carbon Dioxide Emissions for
Building Materials,' Proceedingsof the First InternationalConference- Buildings and the Environment,
CIB Task Group8, Building ResearchEstablishment, 16-20 May 1994.
13English Partnerships. GreenwichMillenniumVillage: Draft Benchmarking Manuel: Energy, Water
Consumptionand ConstructionalEfficiency Targets(second draft), unpublished,5 May 1999.
'4 Department of the Environment, transport and the Regions website, 16 September 1999:
www.environment.detr.gov.uk/sustainable/construction.
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create the external envelope and interior elements such as floors, stairs and finishes. This
can be achieved using design drawings or a bill of quantities. The design drawings can be
used to establishthe overall volume of each materiatand standardvalues of density used to
convert these into the mass of material. If possible, account can be made for wastage of
materials;this is typically around 10 percent, derived from the Recycling of Construction
WasteBenchmark,refer to Annexe 3.28, which this value could be linked to. The massof
materialscan then be multiplied by the standardvalues of embodied energy per unit mass
given above. This will determine the overallvalue of embodied energy in the dwelling, which
canthen be divided by the internalfloor areato establisha value in terms of kWh.M-2.

Conclusion
Therefore,the proposed value of the benchmarkof the EcologicalWeight. Embodied
Energyof the'urban housein paradise',in the contextof the comparativestandardsof the
in the tablebelow.
bestpracticecomparative
andthe DrawnStudy,can be summarised

Typical UKspeculative dwelling
Europeancomparative: Knightstone
DrawnStudy: 4
The'urban

house In paradise'

Ecologicalweight (kWh.m*2)
1,000
250
640.6
250

EcologicalWeight: EmbodiedEnergy benchmarkfor the 'urban house in paradise'

M
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3.14 Ecological

Weight: Embodied Carbon Dioxide

The burning of fossil fuels to provide the energy consumed in the construction of the
dwelling will have consequential carbon dioxide emissions. For example, it is estimated that
the energy consumption

arising from the production of building materials accounts for
approximately 8 percent of the United Kingdom'sC02emission, which in 1990 amounted to
579 MtC02.1

Under the Ecological Weight: Embodied Energy criterion a value derived by Szokolay,
through the values of the embodied energy in materials,for the total embodied energy, or
'energy investment', in typical domestic buildings of 1,000 kWh.M-2.2 This value was
substantiated, and demonstrated as appropriate to other dwelling types by crossreferencing it with other sources.
Interms of an ideal standard,innovative projects havealreadyachievedconsiderable savings
in the level of energy embodied in new dwellings. Homes built for the Knightstone housing
association achieved a 75 percent reduction in embodied energy over conventional
housing, through the use of low-mass construction and prudent specification.3 Applying
this reduction to the figure determined by Szokolay for the embodied energy of
conventional housing would give avalue of 250 kWh.M-2.
These figures can be used to determine an approximate value of the carbon dioxide
emissions arising as aconsequence of the consumption of this energy- Different fuel types
produce different levels of emission per kWh consumed; therefore, the value of C02
emission per unit of fuel consumed must reflect the different processes of construction. A
mean value of emission for atypical of fuel types used during the construction of a dwelling
can be derived from Howard ;4this equates to a value of 0.36 kgCO2.kWh". Therefore, an
approximate value of the emission arising from the energy embodied in the materials of the
typical speculative built dwelling can be determined as 360 kgC02, M'2.

It maybe possible to determine a more accuratevalue for specific materialsdependent upon
the balance of fuels types used. This would require a detailed profile to be established for
I West, John, CarolAtkinson and NigelHoward. 'Embodied Energy and Carbon Dioxide Emissions for
Building Materials,' Proceedingsof the First InternationalConference- Buildings and the Environment,
CIB Task Group8, Building ResearchEstablishment,16-20 May 1994.
2Szokolay, S. V. EnvironmentalScience Handbook,London:The Construction Press. 1980.
3 Department of the Environment, transport and the Regions website, 16 September 1999.www.environment-detr.gov.uk/sustainable/construction.
I Howard,Nigel. 'Energy in Balance,' BuildingServices, May 1991.
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each material. Such work hasbeen commenced by the Building Research Establishment, in
terms of studying materials within factory production processes, which is held on a
confidential database, and therefore accessto this informationwas not possible.5 Hencethe
calculationis based upon the mean value derived from Howard.
The benchmarks of this criterion are therefore based upon the benchmarks for the
Ecological Weight. Embodied Energy criterion, refer to Annexe 3.13. The values are
derived using the methodology described below.

Methodology of Assessment
As it has not been possible to determine a more accuratevalue for specific materials,which
reflects the balance of fuels types used in the extraction, production and transportation of
each, the assessmentwill have to be based upon the aforementionedconstant derived from
Howard. The benchmark is determined by multiplying the Ecological Weight: Embodied
Energy benchmark by the general emissionfactor of 0.36 kgC02.kWh*'.
This could be superseded with a more accurateanalysis,accounting for the various emission
factors of different materialsonce this data is established. The embodied energy would be
calculated in the same manner, but then multiplied by the emission factor for each material.
These would then be summed to provide atotal for the dwelling, which would be divided by
the total internal floor areato give a value in terms of kgCO,.m-'.

Conclusion
Therefore, the proposed value of the benchmark of the Ecological Weight: Embodied
Carbon Dioxide of the 'urban house in paradise',in the context of the comparativestandards
of the best practice comparativeand the Drawn Study, can be summarised in the table
overleaf.

5 Personalcommunication:Jane Anderson, Consultant, Centre for Sustainable Construction, Building
ResearchEstablishment, 13 January 2000.
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Typical UKspeculative dwelling
Europeancomparative: Knightstone
DrawnStudy: 4
The 'Urban house In paradise'

Ecologicalweight (kgCO,.m
360
90
262.6
90

EcologicalWeight: EmbodiedCarbonDioxidebenchmarkfor the 'urban house in paradise'
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3.15 Energy Consumption:

Construction

Process

The energy consumed during the extraction, processing and delivery of materials to site,
and the energy consumed during the period of inhabitation of the dwelling have been
considered by criteria Ecological Weight: Embodied Energy and Energy Consumption:
Inhabitation.' This benchmark is concerned with the energy that is consumed by
construction processes whilst on site. The construction of buildings on site is virtually a
process of the assembly of previously manufactured components or processed materials;
tradftionallythis has been a labour intensive process. Both of these factors combine to
create a construction process that, on site, is not energy intensive. The increasing drive
toward standardisation and prefabrication proposed by the Construction Taskforce report
would serve to preserve, or further, the nature of the construction site as a place of
assembly.
Existing research has made estimates of the energy consumed during the period of
construction on site. In the United Kingdom, this is 14 percent of the total construction
23
embodied energy requirement, and in the United States it is 17 percent. Using the value
of the average energy intensity of the construction of the typical dwelling proposed by
Szokolay of 1,000 kWh.M-2,the values above can be translated into approximatevalues of

the average energy consumed on site during the construction of dwellings. Accepting a
mean value, of 15 percent, will help to account for variations arising from differences in
construction methods of other countries. This equates to avalue of the energy embodied in
construction process of the typical speculative built dwelling of 150 kWh.M-2. Two
approaches could be taken to determining the benchmark of energy consumed, and
consequent C02 emitted, on site during the construction of the 'urban house in paradise.'
One would be to propose a reduction of the 'typical'figure of CO2. The other would be to
translatethe value proposed by the benchmarkof Ecological Weight for the 'urban house in
paradise'using the 15 percent mean determined above.

The Allerton BywaterMillenniumCommunityCompetition Brief set down targets of reducing
the overall primaryenergy consumption in the construction and inhabitationof new dwellings
4
by 80 percent. Achieving this target could be made through combination of reducing the

' Referto Annexes 3.13 and 3.16 respectively.
2Casperet al. Energy Analysis of the Reporton the Consensusof Production, 1968,Open University
Energy ResearchGroup ReportERG006,1975.
Stein, R. G. et al. Handbookof Energy Usein Construction,US Departmentof Energy, 1981.
4 English Partnerships. Millennium Communities Competition - Allerton Bywater Stage Two,
DevelopmentBrief, September1998.
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energy consumption both during the period of construction and during the period of
inhabitation.
Benefit will be gained, in terms of reducing this criterion, through increasing the use of
prefabricationin construction. The energy consumed on site will be minimalif the period on
site is reduced, and the construction processes restrictedto that of assembly. However, it
should be ensured that any additional energy consumed in the production of prefabricated
elements is accounted for in the EcologicalWeight: Embodied Energy benchmark.
The Ecological Weight: Embodied Energy benchmark translated Szokolay's figure of the
embodied energy of atypical dwelling into a benchmark of 250 kWh. m-2for the 'urban house
in paradise'. Assuming that the same proportion of the total construction energy is
consumed during construction on site, 15 percent, this equates to a figure of 37.5 kWh. m".
The consequentC02emission from this can be approximated as 14.4 kgC02- M*2 This value
.
during
in
the
75
demand
energy
used
construction
on
site
of
percent, or
a
reduction
would
put another way by a factor of four. In processes that have been identified above as not
Therefore, it is
relatively energy intensive this could be perceived as too demanding.
proposed that this benchmark reduction will be 50 percent of the Szokolay value, or 75
kWh.M-2.

it maybe possible to determine a more accuratevalue for specific materialsdependent upon
the quantity of energy consumed by different construction processes. A breakdown of
specific energy consumption rates by individual processes has not able to be determined.
The Building Research Establishment has undertaken a significant amount of research on
the embodied energy of construction after materialshave been delivered to site; however
this information is retained on a confidential database within the Centre for Sustainable
Construction.5
The benchmarks of this criterion are therefore based upon the benchmarks for the
Ecological Weight: Embodied Energy criterion, refer to Annexe 3.13. The values are
derived using the methodology described about, basing the proportion of energy
consumed on site as 15 percent of the total embodied energy of the dwelling.

energyoDnsumption:
construdon processes5.2.01:
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Methodology of Assessment
As it has not been possible to determine a more accuratevalue for specific materials,which
reflects the balance of fuels types consumed by different construction methods, the
assessmentwill have to be based upon the aforementioned constant of 15 percent, derived
from Stein, R. G. et al. The benchmark is determined by multiplyingthe Ecological Weight:
Embodied Energy benchmarkby afactor of 0.15. However, it is recognised that at very low
embodied energies, reducing the consumption of processesthat are not relatively intensive
mayprove too demanding.

This methodology could be superseded with a more accurate analysis, accounting for the
different consumption by variousconstruction methods if this data can be determined in the
future. This would makethe assessmentmore valuable in terms of assessingthe different
impactsof various construction methods, and the benefits of increasingprefabrication.

Conclusion
Therefore,the proposedvalueof the benchmarkof the EnergyConsumption:Construction
Processesof the 'urbanhouse in paradise',in the contextof the comparativestandardsof
in the tablebelow.
the bestpracticecomparative
andthe DrawnStudy,canbe summarised

Energy Consumption(kWhM-2)
Typical UKspeculative dwelling

150

Europeancomparative: Knightstone
DrawnStudy: 4

38
96.1

The 'urban house In paradise'

75

Energy Consumption:ConstructionProcessesbenchmarkfor the 'urban house in paradise'

5 Personal communicationwith Suzy Edwards of the Sustainable Construction Unit at the Building
ResearchEstablishment, 5 October 1999.
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3.16 Energy Consumption:

Inhabitation

Energy consumption is a criterion that is dependent upon several other factors, some of
which can be influenced through design, such as thermal performance,structural infiltration
and orientation,others which cannot, such as the efficiency of applianceswithin the dwelling
and the lifestyle of the inhabitants; therefore, some of these are within, but some might be
considered beyond, the remitof the 'urban house in paradise'. Because it is affected by so
manyother criteria, yet is a critically important value in measuring the performance of the
dwelling, it demonstrates the critical significance of interrelated structure of the matrix of
benchmarks.
For the 'urban house in paradise,' the energy consumption of the dwelling during its lifecycle would be required to be azero or negative value, achievedthrough energy generation
by passive or active means, as a potential 'trade-off' against energy used during
construction. This value willbe affected, in turn, by the thermal performanceof the fabric, or
the level of the insulation, any passive or active energy generation, the efficiency of the
services, and the effects of ventilation and structural infiltration upon the internal
environment. It is also a criterion that hasconsequential effects on other criteria, such as the
level ofC02emissions during inhabitation. Thisdemonstrates the need to establishthe best
overall balanceof priorities, which is achieved through the interrelatedmatrixof criteria.
Since 1970 the standardsof energy efficiency of the United Kingdom Housing Stock has
steadily been increasing, both through retro-fitting more efficient appliances, services and
insulation to existing dwellings, and through improving the standards demanded by new
build. This increase in efficiency has, in the context of household growth, maintained the
energy consumption by the domestic sector at a relatively constant level; or, to interpret it in
a different way, at a level 30 percent below what it would have been had those efficiency
methods not been undertaken.I However,the standardsof new build can be pushed much
further.
Robert Lowe and MalcolmBell in their report to the Joseph Rowntree Foundation, Toward
Sustainable Housing: Building Regulation for the 21st Century,2 present a figure for the
a7l. The
mean energy consumption of dwellings within the United Kingdom of 290 kWh.M-2.

' Henderson, G. and L. D. Shorrock. Energy Efficiency in the Housing Stock, IP 22/88, Building
Research Establishment, December 1998; and Dunster, J. E. and 1. Micýl and L. D. Shorrock.
Energy Usein HousingStock, IP 20/94, Building ResearchEstablishment,December1994.
2 Lowe, Robert and Malcolm Bell. TowardsSustainable Housing: Building Regulation for the 21st
Century,Leeds: Leeds MetropolitanUniversity, 1998.
0
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level of energy consumption of a typical dwelling built in the United Kingdom to current
Building Regulation standards3canbe calculated using information from BRECSU's General
InformationReport Number 53.4 This provides the energy consumption of the typical
dwelling;from the space standardsresearchconducted as a part of the thesis research,the
latter source into energy consumption per unit area The floor area of the 'typical dwelling'
has been determined elsewhere in the thesis5as 84.2 M2 This can be summarisedin the
.
following table. From this lypical' figure the existing aspirationalreductions, from sources
such as the Millennium Communitiescompetitions, can then be translated into quantitative
benchmark values, and their level of innovation determined against current European best
practice.
Energy consumption

Function

Percent

Space Heating

(kWh.a-')
7,926 (gas)

49

(kWh.m-'.a-')
94

Hot water

4,548 (gas)

28

54

175 (electricity)

1

2

656 (electricity)

4

8

3,000 (electricity)

18

36

Pumpsand fans
Cooking
Lights and Appliances
Total

16,305

1

100

1

194

Energy Consumptionof a typical dwellingbuilt to current Building RegulationsO

The dwellings proposed for the first MillenniumCommunitycompetition at Greenwich set the
target of cutting the annual primaryenergy consumption of the dwellings by 80 percent of
building regulation standardS,7this would translate to a reduction to 36.6 kWh M-2.
a7l.The
brief for the Allerton BywaterMillennium Community competition included the objective of a
50 percent reduction in energy consumption in comparison with conventional housing. 8
Taking the typicalproduct of the house building industry for the basisof this reduction, this
aspirationaltarget translatesto a benchmarkvalue of energy consumption of 91.5 kWh.M-2z
1. The dwellings designed for the Millennium Community competition at Allerton Bywater,
constituting DrawnStudy Four,were calculated to have a predicted energy consumption of
3 It should be recognisedthat at the time of writingthese Regulationsare under review.
4 BRECSU. 'Building A Sustainable Future - Homes for an Autonomous Community,' General
InformationReport53, London: HMSO,October 1998.
5 Fromspace standards analysis. Refer to Anne 3.30.
" BRECSU. 'Building a Sustainable Future - Homes for an Autonomous Community,' General
Information Report53, London:Construction ResearchCommunicationsLimited,October 1998.
7Smd, Josephine. 'Sustainable Environment,' Building Homes,April 1998.
8 English Partnerships. "llennium Communities Competition - Allerton Bywater Stage TM
DevelopmentBrief, 1998, p. 14.
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15 kWh.M-2a-' for space and water heating.

This translates to a 90 percent reduction in

comparison with the typical dwelling. These figures provide innovative, although achievable,
standards of energy consumption for a dwelling, that can act as initial figures for developing a
valued benchmark for the 'urban house in paradise'.

In 1983, Sweden adopted standards that made 50 to 60 kWh.M-2.aý' the maximum
permissible heat loss for dwellings.g This value can also be interpreted as the energy
consumption that is required to heat the dwelling to overcome this heat loss, which can be
compared with the current typical space heating requirement of a dwelling in the United
Kingdom of 94 kWh.m-2.;
a-'.
However,in terms of the philosophy of Factor Four, if the standardof living were to remain
the same,then the level of energy consumption should be reduced by a factor of four, and
therefore to 25 percent of its original value. This would create a benchmark value for the
typical United Kingdom dwelling of 48.5 kWh.M-2a-', although Factor Four philosophy
demands that building should be net exporters, rather than consumers, of energy. As has
been proved by Drawn Study Four, 48.5 kWh.m,2.;a-I is a viable figure for an energy
consumption benchmark. However, further analysis would have to be undertaken to
determine if this reduction is also being achieved with a factor four reduction of materialand
embodied energy consumption.
Fromthe table above it can be seen that it is crucial to set an innovative benchmark for the
energy consumption arising from space heating, as this can account for haft of the total
energy consumption of the typical dwelling. In addition, in conventional housing, the same
applianceoften supplies both the space and hot water heating demand, which can account
for over three quarters of the total energy demand. Of course, in very high performance
dwellings, with very high standardsof thermalperformanceof the building fabric and glazing,
the need for space heating, and its proportionate value in terms of other energy
consumption functions, reduces. A exemplary precedent of this is Robert and Brenda
Vale's Autonomous House in Southwell, refer to 5.2 in volume 1, in which space heating
a7lconsumption, or only 18 percent.
accountsfor 4 of the 22 kWh.m-2.
The energy consumption for the typical dwelling can also be viewed in comparisonwith the
consumption levels presented in GIR 53 for the 'zero C02'dwelling and the 'zero heating'
dwelling. GIR 53 also proposes values for the theoretical minimum energy use for an

9Weizsacker, Ernst von, Amory B. Lovins and L HunterLovins. Factor Four - Doubling Health, Halving
Resource Use, London: Earthscan PublicationsLimited, 1998,p. 13.
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table below.
Energy consumption(kWh.m-'.a-')

Function

'Typical'

Zero CO,

Space Heating

94

38

Hot water

54

28

20

8

Pumpsand fans
Cooking

2

2

1

8

4

4

4

Lights and Appliances

36

32

25

12

194

96

54

25

Total

Zero Heating Theoretical min
3
0

Comparable Energy Consumption of TypiGal and Low-Energy Dwellings"

In BRECSU's General Information Report 39, a detailed review of ten ultra-low-energy
dwellings from within the United Kingdom, the benchmarklevel of total energy consumption
for inclusion was set as follows:
a mixtureof fossil fuels and electricity,of <1 00 kWh.m'2a-. It was noted
... assuming
that <60 kWh.M-2.a7lfor all-ellectricschemes would be equivalent, in primaryenergy
terms, to 100 for schemes using gasfor spacetwaterheating and cooking.11
In BRECSU's GeneralInformationReport Number3812a reviewof ultra-low-energydwellings
from the United Kingdom and overseas is made. Of the United Kingdom projects reviewed,
only four of the ten achieved this benchmark; and only two, the Berm House in Gwent by
Peter Carpenter (1987) and the Autonomous House in Southwell by the Vales (1993 - 22
kWh.M-2a7l)use less than 50 kWh.M-2a-'. The levels of energy consumption for these
dwellings is summarisedin the table overleaf:

11
Weizsacker, Ernst von, Amory B. Lovins and L HunterLovins. Factor Four - Doubling Health, Halving
ResourceUse, London: Earthscan PublicationsLimited,1998, p. 13.
10BRECSU. OP. Cit.
11BREGSU. 'Review of Ultra-Low-EnergyHomes - Ten UK Profiles in Detail,' General Information
Report39, London: HMSO,March 1996,p. 56.
12BRECSU. 'Review of Ultra-Low-EnergyHomes -A Series of UK and Overseas Profiles,' General
InformationReport 36, London: HMSO,February1996.
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EnergyConsumption(k\Alh.M 2 a')

Project

Space Heating

Total
14

The Berm House, Gwent

0

Duncan House, Victoria, Canada

1

AutonomousHouse, Southwell

4

22

Elmsett Ecological House, East Suffolk

-

25

Kings Cross Eco House, London

25

Zero-EnergyHouse, St Gallen, Switz'd

9

Passiv Haus, Darmstadt,Germany

10

Low-EnergyUrbanHousing, Netherlands

10

Low-EnergyHouseB, Hjortekaer,Denmark

-

WaterlooRegionGreen Home,Ontario,Can

15

Zero-EnergyHouses, Wadensil,Swftz'd

DenmarkIEA Task 13, Copenhagen,Den'k
LowerWatts House, Oxfordshire

-19

32
42
51
<60
65

Low-EnergyHouseG, Hjortekaer,Denmark

20

Strawberry HillLow-EnergyHouses, Salford

30

GreenStreet, EbbwVale

47

78

LongwoodHouse, Huddersfield

-

80

MillOrchard, Herefordshire
The CoweHouse, Boston, Lincolnshire

70

80
80

Warmhome200, Newtonabbey,N. Ireland

45

Auton Croft, Saffron Walden

13

87

Ash Tree Cottage, Buckinghamshire

30

98

CrickhowellTele-Village,Powys

81

70-100

ComparativeTableof EnergyConsumptionof Low-EnergyDwellings13

The upper levels of performance of these examples provide an indication of what best
practice is achieving in terms of energy consumption, and it is these that will inform the final
value determined for the benchmark of energy consumption for the 'urban house in
paradise.'
Factor Four demonstrates the potential reduction in energy consumption in dwellings

13BRECSU,GeneralInformation Report38. Note: the'Total' figure includes space and water heating,
ventilation, lighting, appliancesand cooking.
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through the Passiv Haus project in Darmstadt, Germany,"' a row of four terraced dwellings.
The measured energy use of the Passiv Haus in 1992-3 was 32 kWh. M-2a-'.

Through

exploiting passive solar energy generation, with almost no active heating, highly efficient
glazing and insulation standards, U,, = 0.14 W. m2. K" and U,, f= 0.09 W. M-2X1, the auxiliary
space heating demand was reduced to a level of 10 kWh.M-2.a7I.15

A value for the energy consumption of space heating only of 10 kWh M-2 has been
-a-'
proven as a viable, achievable target in two existing projects, both appropriate to urban
locations. The Passiv Hausproject, and the Low-Energy Urban Housing development in
Amsterdam, the Netherlands (1995) which is an apartment block building comprised of
sixteen flats. In terms of generic benchmarks,such as the matrixwill propose, it is important
that the values proposed are appropriate to different types of building, and, in the case of
the thesis, types of urban buildings. This can be demonstrated by the criterion of heat loss,
which can varybetween different dwelling types, such as terraced units or apartment flats."'
However, these two examples demonstrate that the space heating demand, which is
proportional to heat loss, can be a constant benchmark between different urban dwelling
types.
In the Netherlands, a method has been developed to verify the calculated energy
consumption of a dwelling against a permitted ma)dmum:set by the Dutch Ministry of
Housing, Physical Planning and the Environment, and termed Energy Performance
Standardisation (EPN); the method was introduced in 1995. New dwellings now have to
meet an energy performance standard for space heating, domestic hot water, and
supplementary energy for heating and ventilation.17
Another example of best practice as opposed to standard practice is demonstrated by the
following, which provide another reference from which to draw the benchmark of the energy
consumption of the 'urban house in paradise'. This makes a comparison between the
standardof atypical Germandwelling built to current standards, and the innovative dwellings
built as a part of the Expo 2000 project in Hanover. The project is for 142 low-riseflats for
500 inhabitants; all designs were to demonstrate that the energy consumption would not
exceed 50 kWh.M-2a7l.The modeling of the development established an estimated annual

14Weizsacker,Ernst Von, AmoryB. Lovins and L. HunterLovins. Op. Cit., p. 13-15.
'60livier, David and John Willoughby. 'Review of Ultra-Low-EnergyHomes -A Series of UK and
Overseas Profiles,' Generalinformation Report38, HMSO,1996.
'a Baldwin, R. and G. Atkinson. Investing in Eneigy Efficiency: 3 New Housing, IP 22/86, Building
research Establishment, December1986.
" Anink, David, Chiel Boonstraand John Mak. Op. Cit.
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energy demand of 49.8 kWh.m-2.
aý1.18This value can be compared with the German
equivalentbuilt to current regulations,of 120 kWh.M-2a7l.19
The predication of the thesis toward urban housing could have an impact upon the likely
energy consumption of dwellings. Research has demonstrated that the energy
consumption of dwelling types more prevalent in urban areas consume less energy than
those more typical of greentield housing. For example, it was shown that increasing the
length of terraces of dwellings by between four and eight could reduce the overall energy
demand by 10 percent. Form and proportion also have an impact; it was demonstrated that
varying the frontage within the limitsof normal medium frontage dwellings, compared with
typical two storey dwellings could result in a reduction of the overall energy demand by 10
percent.'
The Greenwich Millennium Village project established a benchmark reduction in primary
energy consumption of 80 percent. In order that comparisons could be made between
traditional practice and the new standards of Greenwich, this was translated into a preliminary
quantitative benchmark of 11,637 kWh.M-2.amlfor a 60.9 M2mid4loor apartment 21 This value
.
gives the Greenwich Millennium Village team atypical value of the standard practice of the
housing construction industry against which to assess the performance of their dwellings.
The GMV value of energy consumption can be converted into one of consumption per unit
area, this would be 191.1 kWh. M-2a7'. This value is within two percent of the value
determined, by the research above, as the typical value of energy consumption in dwelling in
the United Kingdom, and gives confidence that the benchmark can be used for different
dwelling types.

Another interrelated effect on energy consumption will be the space standards criterion. If
the areaof a dwelling is, for example,benchmarked to be increased by 3.7 M2per occupant,
asthe energy consumption benchmarkis quantified by area,as it is measured in kWh.M,2.a7l,
it will have aconsequential effect on the total energy consumption of that dwelling. In terms
of a FactorFourreduction in resourceuse, it would go against the grain of the philosophy of
Factor Four if the reduction of energy consumption by a factor of four were not over and
above that of the value of the increase in space standards.
'a Bellew, Patrick and Jochen Kauschmann.'Hanover Fare', BuildingServices Journal, August 2000.
"' Aire RegenerationPartnership, Annexes to the Report, unpublishedsubmissiondocument for the
Allerton Bywater MillenniumCommunitycompetition,February1999.
20Berry, J. et al. 'Conservation of Energy in Housing', Building Services Engineer, Volume 45 May
1977; and Longrnore,J. and J. Musgrove. 'Urban Form and Energy Use', paper presented to the
International Congresson BuildingEnergy Management,Povoa de Varzim, Portugal, May 1980.
2' English Partnerships. GreenMch MillenniumVillage: Draft Benchmarking Manuel: Energy, Water
Consumptionand ConstructionalEfficiency Targets(second draft), unpublished,5 May 1999.
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Methodology of Assessment
Clearly, for the purposes of comparability a like-for-like methodology must be used in
determining the energy consumption of dwellings for comparisonagainst the benchmark of
the'urban house in paradise'. One method of determining the energy consumption level of
adwelling for comparison with the benchmark is using the Department of the Environment,
Transport and the Regions' Standard Assessment Procedure for Energy Rating of
Dwellings,the SAP rating.22This is the Government's standardsystem of rating the energy
efficiency of a dwelling. In this respect it has the advantage that whether new build, or
created by achange of use in refurbishment,it is a requirement of Building Regulationsthat
dwelling must be given aSAP rating.23Therefore, little additionalwork would be required to
determine how any new dwelling performs againstthe benchmarkvalue.
Determining the value of the energy consumption requires the translation of one of the
values determined in the SAP calculation,this value is the 'useful energy requirement' at
step 81. By using aconstant for converting the units of magnitudeand the internal floor area
of the dwelling, the value of the useful energy requirement, measured in units of GJ.a7l,can
be translated into avalue of the energy consumption for the dwelling in kWh.m*2z'. This is
how the value of energy consumption for DrawnStudy Five was determined.
An additional advantage of using the SAP calculationprocess as a part of the assessment
methodology is that the procedure includes an optional calculation to determine theC02
emission figure for the dwelling, on the basisof the energy consumed. This provides a quick
and efficient way in which to determine the performanceof the dwelling being considered
againstthe C02 emission benchmarkalso.
However, there are disadvantages to the use of the SAP rating to determine the overall
energy consumption of adwelling. Whilst the calculationof the rating does take account of
internal heat gains, such as lights, appliances, cooking and metabolic gains from the
occupants, its takes no account of the energy consumption of lights, appliances and
cooking. It only determines the overallenergy consumption of the space and water heating
systems. Therefore, it does not provide a holistic view of the overall energy consumption of
the dwelling. This, of course, also means that the CO, calculation only reflects emissions
from these sources also.
22 Department of the Environment, Transport and the Regions. The Government's Standard
Assessment Procedure for Energy Rating of Dwelfings, London: Construction Research
CommunicationsLimited, 1998.
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Lowe and Bell identify an additionaldisadvantageto the SAP rating method. They suggest
that as the SAP rating is based upon energy prices, the significance of the actual energy
consumption and C02 emission levels are obscured, If the dwelling changes to a less
expensive fuel type, and Lowe and Bell use the exampleof off-peak and on-peak electricity,
the SAP rating increase, which will makethe dwelling appear more efficient. They also point
out that both the BREEAM Environmental Standard rating of dwellings, and the Danish
building regulation basetheir valuationon the actual energy consumption and emission per
unit of floor area, which is much more transparent, and more meaningful in terms of
sustainability. However if, as described above, the SAP method is only used up to step 8 1,
then the steps involving the energy cost calculation, and therefore the shortcomings
identified by Lowe and Bell, can be avoided
The worksheet calculation of the SAP rating, first published in 1993, was developed from
the Building Research Establishment's Domestic Energy Model (BREDEM).
Several
versions of BREDEM have been issued, in a number of standardised models of varying
complexity, since its first publication in 1981.21 The most recent versions are BREDEM-8,
which is used to determine energy use on a month by month basis, and BREDEM- 12, which
Both of these models are not available as worksheet
measures annual consumption.
calculations, to determine the value of energy consumption

by hand, but due to their

complexity exist as computer programmes.

An advantage of the BREDEMvalue of energy consumption over the SAP value is that is
does take account of the energy consumption of cookers, other appliances and lighting as a
value of auxiliaryfuel use based on floor area. As outlined above, it is important to consider
that whereas the proportion of the energy consumed by space and water heating is the
significant majorityof the total energy consumption in atypical new dwelling, 77 percent in
the table above, in low energy dwellings this is not the case. Where the space heating
requirement is cut dramaticallythe proportional consumption of the total energy demand by
the various functions is radically changed; therefore a significant proportion of the total
energy consumption in a low energy dwelling can be attributed to appliances and lighting.
For example, in the typical new build dwelling in the United Kingdom, built to current
Regulations, the energy consumed by space heating accounts for 49 percent of the total
energy consumption. However, in the Passiv Haus in Darmstadt, the space heating
the Environment and The Welsh Office. The BuiIding Ru
23r-1eg lations - 1995 Edition.
Deva rtment ot
Approved Document L- Conservation of Fuel and Power, London: HMSO, 1995.
24 L. D. Shorrock and B. R. Anderson. A Guide to the Devebpment of BREDEM, IP 4/95, Building
Research Establishment, February 1995.
M
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accounts for 31 percent of the total energy use,25and at the Vale's Autonomous House in
Southwell, space heating energy use accounts for only 18 percent of the total energy
consumption.
An alternative methodology to assess the benchmark would be to use the SAP rating
methodto determine the energy consumption of the space and water heating systems, as
affected by internal gains, and to use another source to determine the likely consumption of
energy from lighting and appliances. Once such source of information on the consumption
of domestic lights and appliances is produced by the Domestic Equipment and Carbon
Dioxide Emission (DECADE)project, by the Universityof Oxford.28Another way in which to
achievethis would be to adapt the relevant steps that account for the energy consumption
of lights, cooking and appliances from the worksheet version of BREDEM into an
assessment based on the SAP worksheet. As both of these worksheets have been
developed in parallel, there can be considered to be comparabilityin their methodologies.
Therefore this will constitute the way in which adwelling will be assessed against the Energy
Consumption: Inhabitationbenchmarkof the'urban house in paradise'.

Conclusion
The comparative
of dwellings,of the typical
valuesof the overallenergyconsumption
dwellingbuiltin the UnitedKingdomto currentBuildingRegulation
standards,
a European
' is summarised
DrawnStudy5, andthe 'urbanhousein paradise,
in the table
comparative,
overleaf.The sourcesthroughwhichthe valueshavebeen derivedare alsoincluded.
dwellingof Europeanbest
Basedontheevaluation
above,innovating
uponthecomparative
practicewithin technicalfeasibility,the EnergyConsumption:Inhabitationbenchmark
be25 kWh.
m-2.
a7l.
proposedforthe'urbanhouseinparadise'will

26

BRECSU. Op. Cit.
0 Boardman,B. et al. DECADE- Domestic Equipmentand CarbonDioxide Emissions. Second Year
Report,EnvironmentalChangeUnit, University of Oxford, 1995.
27BRECSU. General InformationReport36.
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Energy consumption (kWh. m 2.a')

Function

Typical

Passiv Haus

Drawn Study 5

uh in p'

Space heating

94

1o27

15

12

Flot water

54

-

inc above

inc above
- F 3"

Pumps and Fans

2

-

3.721

Cooking

8

-

41-0-

Lights and Appliance
Total

1

32

36

-

12

733

194

32

35

25

Energy Consumption:Inhabitationbenchmarkfor the 'urban house in paradise'

2' This value was calculated using the SAP worksheet for dwellings Wth mechanical ventilation.
21'BRECSU. Genefal Information Report 53
30Ibid.
31Ibid.
32Ibid.
33Ibid.
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3.17 Energy Generation: Inhabitation
An autonomous dwelling, as defined by BRECSU'sGeneralInformationReport Number 53,1
must satisfy all of its energy demands through on-site, renewable energy generation, as
either an isolated systemor linked into the electricitygrid. Inthe case of the latter, it must be
a net exporter of sufficient renewablygenerated electricityfrom its own system to balance its
consumption from the grid.2 This will account for periods in which the dwelling is unable to
generate sufficient renewableenergy to fulfil its consumption demands, such as during the
night if the source is photovoltaic panels, for which it will use the grid to makeup the shortfall.
During periods of excess generation, when the renewable sources are producing more
energy than the dwelling is consuming, the excess energy is put into the grid. The
justification behind this approach is that although the dwelling will, for certain periods, be
consuming energy provided by fossil fuels, and with consequent 002 emissions, during the
periods of excess generation the dwelling acts as a renewablesource for the grid, supplying
non-fossil fuel energy for consumption elsewhere. Factor Four proposes that buildings
should be net exporters of energy.'
Through generating its own energy through renewable, natural sources, the dwelling can
eliminate its reliance upon fossil fuel consumption during the period of inhabitation. This
would both eradicatethe consumption of afinite resourceand the emissions of greenhouse
gases such asC02and nitrous oxides, and other pollutants.
Energy generation using solar sources, one of the most suitable sources of renewable
energy for architecture, can be both passive and active. Passive generation is typically
achieved by solargain through areas of glazing; active generation includes the use of solar
panels to heat water to be used directly or indirectly in the dwelling, or photovoltaic panels
used as a power source. Other sources include wind power from turbines, geothermal heat
from the earth and solarwaterpanels for domestic hot water.4
Ifa dwelling were to be autonomous, and generate all of its own energy, then gas might be
considered not a viable fuel source as its consumption cannot be directly counteracted by
renewable generation. This has disadvantages in that it is one of the most efficient fuel
' BRECSU. 'Building A Sustainable Future - Homes for an Autonomous Community,' General
Report53, London: HMSO,October 1998.
Information
2
Ibid.
3 Weizsacker, Ernst von, Amory B. Lovins and L. Hunter Lovins. Factor Four - Doubling wealth,
Halving ResourceUse. London: Earthscan, 1998.
4 Departmentof Tradeand Industry 'Newand RenewableEnergy Programme'website,19April 2000:
www.dti.gov.uk/renewable/
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sources, and also has on of the lowest consequent C02emission factors. Therefore, any
electricity consumed by the dwelling from the grid should be generated using renewable
sources, and thereby not contributingto C02emissions. This can be achieved through the
use of a'green tariff.'s However, the use of gas could be justified provided that the total
generation exceeds the level of consumption, including gas, as the national generation of
electricityincludes increasing numbersof gas-firedpower stations, and therefore the use of
mainselectricitywill still result in the depletion of natural gas. Therefore the demand is that
the total generation exceeds consumption, irrespective of the types of fuel used in
consumption.
The Energy Generation: Inhabitationbenchmark will be related to the benchmark of Energy
Consumption: Inhabitation; it will affect and be affected by the levels of consumption
proposed for each function, and the contribution to that level that can be expected from
renewable,on-site generated sources. For example, the space heating consumption level
will be affected by the potential contribution of solar gain; and the level of consumption by
lighting and applianceswill be affectthe demand on generated electricity.
Therefore, one needs to determine the heating demand level for the dwelling, which is
contained within the total energy consumption benchmarkfor the period of inhabitation, and
then determine what reduction should be contributed to by renewable sources, such as
passive solargain, biomass,geothermaland activesolargeneration. In terms of passive solar
gain, this level of solargainwill be dependent upon factors such as the area of glazing, type
of glazing and orientation.
Brenda and Robert Vale, who are the authors of GIR 53, referred to above, were also the
architectsfor the Hockerton housing project in Southwell, Nottinghamshire.0 This terrace of
five dwellings, completed in 1998, is almost hidden by the earth berm into which it is set.
Pending a planning appeal, a wind turbine is to be erected, which will mean that the
development will generate its own energy, therefore causing no pollution or C02 emissions.
An early value of the energy consumption measured after completion was 8 kWh per day'7
which provides a benchmarkfor energy generation if the dwellings areto be autonomous.
However, the generation of renewableenergy need not be considered in terms of the scale
'BRESCU, OP. Cit.
a BRECSU. 'Review of Ultra-Low-EnergyHomes -A Series of UK and Overseas Profiles,' General
information Report36, London: HMSO,February1996.
7 SMU,Josephine. 'Underground,Overground,CO, Free', BuildingHomes,October 1998.
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of an individual dwelling. Micropoweris the generation of energy within networks of smallscale, decentralised power plants,8 with local generation providing for local consumption.
The advantagesof this system is that transmissionlosses are lower, and the excess heat
from generation can be used for space and water heating within buildings, like combined
heat and power systems. Microgenerationalso tends to be more environmentally benign,
with American systems being powered by hydrogen, and solar power. It is envisaged by
somethat the evolving technology of fuel cells, particularlyin America, will further contribute
to the advantagesof mirogeneration;the only byproductsof fuel cells are water and oxygen.
The Vales also advocate the use of localisedgeneration,9through its increased contribution
to autonomy. The small-scale,autonomous generation of micropower seems particularly
pertinent to large-scaleurban projects, where a localisedsource of generation could provide
sufficient energy for all dwellingswithin the project.
As stated above, the benchmark for the generation of energy within the dwelling will be
directly related to the Energy Consumption: Inhabitation benchmark, which it should be at
least equivalent to, or exceed, if the dwelling is to be considered 'autonomous'. Thereby,
the dwelling will become zero net energy consuming, and will contribute zero net CO.
emissions; should the level of generation exceed consumption, it will aJso fulfill the Factor
Fouraspiration of being a net provider of energy. For example, if the dwelling achieves the
Energy Consumption: Inhabitation benchmark of the'urban house in paradise'of 25 kWh.m*
2.a", then the Energy Generation: Inhabitation benchmark will at least 25 kWh. m-2.a71.

In Southwell he Vales have attempted to create a dwelling that, as far as possible, can be
servicedthrough the natural resourcesthat fall upon its site. The principal philosophy used,
in respect to sustainability,in the design of their dwelling is autonomy in allservices. In terms
of renewable energy generation, a 2.2 kW photovoltaic array,composed of 36 panels that
are connected to the national electricitygrid through an inverter, is sited on a pergola in the
garden. The decision to connect the system to the mains, to create a'trade-ofi' between
supplying excess energy to the grid when generation exceeded consumption and drawing
from it when consumption exceeds generation, was taken in favour of using a form of
storage, mostcommonly batteries. This was based on the view that as the grid is already in
existence, its embodied impact hasbeen made, whereas the embodied impactsof batteries,
including resourceconsumption and potential pollution due to their lead content, would be

8Anon. 'The Dawn of Micropower'. The Economist, 5 August 2000.
" Vale, Brenda and Robert. The WwAutonomous House - Deson and Planning for Sustainability,
London: Thames & Hudson Limited, 2000.
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new. Other implicafions included higher costs, and the additional space required to store
the batteries, which can pose hazards such as fire and explosion. 10
The Southwell dwelling demonstrates that, at least theoretically, it is feasible to meet the
benchmark of balancing energy consumption and generation, although in reality the
dwelling did not achieve this. The energy consumption of the dwelling has been measured
as 22.9 kWh. M-2.awl,including 5.2 kVv'h.M-2a7l of wood; the photovoltaic array generates 9.2
kWh. M-2a7l, a deficit of 13.7 kWh. m-2.aý'. It has been calculated by the Vales that reducing
the energy consumption further, principally through installing a heat pump to replace the
immersion water heater and increasing the insulation to the water tank, and adding to the
number of photovoltaic panels will achieve an energy balance. " However, achieving this has
demanded asignificant reduction in the energy demands made by space and water heating,
lighting and appliances.

As has been proposed, the energy consumption of the dwelling will be determined through
the SAP model. The renewable generation of 25 kWh.m2.a" may well be a technically
feasible proposal within an urban context. However, if the quantity of energy consumption
were to rise to the values typical of that of dwellings constructed to current regulation
standards,then this is unlikelyto be the case. Therefore, the designer must be awareof the
importance in achieving the Energy Consumption: Inhabitation benchmark, in order to
achievethat of Energy Generation:Inhabitationalso.

Methodology of Assessment
thatthe energygeneratedby the dwellingshould
hasbeenestablished
Thebenchmark
byft. A numberof methodsareproposedfor
equalor exceedtheenergythatisconsumed
the contributionfromthe varietyof renewableenergysourcesthat mightbe
assessing
utilisedbythe'urbanhouseinparadise'.
Solar Water Panels. The SAP assessmentalready includes steps in which to determine
the contribution of solarwater panels to the energy consumption of the dwelling. Therefore
these steps, 44 to 47, can be used to determine the quantity of energy availablefrom solar
waterpanels, depending upon the areaavailable.

Ibid.
Ibid.
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Photovoltaic

Panels.

The energy that is available from photovoltaic panels will be
dependent upon the energy that is availableon the site from the sun, the efficiency of the
panels, or modules, and the areaof the array. The energy that is availablefrom the sun can

be determined on adaily or annual basis. Inthe former case,the value of kilowatt-hourspeak
per day, typically3 to 4, is multiplied by 365.25 to determinethe mean availabilityper annum.
Alternatively,data for the mean annual energy availablefor a variety of locations, which is
typically 1 kW.M-2for 1,000 hours each year, therefore 1,000 kWh.M-2.
a7, can be used to
determine the energy availableon the basis of the area of panels available. The actual
energy that will be provided by the panels will be dependent upon their efficiency; a typical
value of which is 18 or 19 percent;12therefore on average only 18 to 19 percent of the
energy that is available will be converted into electricity. Multiplyingthe energy availableby
the efficiency of the panel, as a decimal out of one, will determine the electrical energy
availableper unit area;multiplyingthis by the areaof the arraywill provide a total value for the
mean annual energy that is availablefrom photovoltaicgeneration.
The energy generation that could be made by wind turbines is
particularisedthrough meteorological data for the average monthly wind velocity at the
location of the turbine.13As this data is typically taken at a height of 10 metres, the value
Wind Turbines.

should then be amended to account for the difference between the velocity at 10 metres
and the velocity at the hub height of the turbine, which should be based on the
manufacturer's specification for the particular turbine. The morphology of the land
surrounding the turbine will also affect the wind velocity; the roughness length accounts for
this. The energy yield for each turbine is then interpolated on manufacturer's data for the
turbine, and multiplied by the total number of turbines.

Conclusion
To be compliantwith the 'urbanhousein paradise',the benchmarkvaluewillbe at leastan
benchmark.Thiscan be summarised
equalvalueto the EnergyConsumption:Inhabitation
in the expressionbelow.
Energy Generation: Inhabitation2!Energy Consumption: Inhabitationvalue.
Therefore, the quantitative value will be dependent upon the overall energy consumption of
the dwelling. For this reason, the benchmark is proposed in two parts. The first is based
12Roaf, Dr Susan. Lecturing at 'Sustainability in Building Design' seminar, University College,
Chester, on 18 August 1999.
13The energy generation by wind turbines is determined through a calculation method used by the
Centrefor Alternative Technology, Machynlleth;personal communicationNovember1995.
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upon the energy generation requirement if the Energy Consumption: Inhabitation
benchmark is achieved, the second part will qualify the demand if it is not. Therefore, the
proposed benchmark for the criterion, seen in the context of the other comparative
benchmarks of the typical speculative dwelling, European comparativeand Drawn Study
Four, is proposed in the table below:

Energy Generation (kWh. m,2.a-1)
Typical UK speculative dwelling
European comparative: Southwell
Drawn Study: 5
The'urban

0
9.2
0

house

In paradise'

25, or a Energy

Consumption

Energy Generation:Inhabitationbenchmarkfor the 'urban house in paradise'
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3.18 Green Space
The provision of green space as a benchmark within the matrix of criteria that define the
Iurban house in paradise'will be to fulfil two aims. The first will be to improve the ecological
value of the site through increasingthe species diversity, and the second is to provide space
that can be used for the assimilationof C02-which is absorbed by plant life. Open space will
also provide spatialcounterpoint to built form, which is particularlyrelevant in the context of
increasing residential density; net density does not include the provision of strategic open
space. An additional potential advantage is the production of food, in winter gardens or
allotments,to reduce the import of goods into the city. An additional potential advantage is
the production of food, in winter gardens or allotments,to reduce the import of goods into
the city. FactorFour expresses the notion that allbuildings should be net exporters of food,
in addition to energy and beauty.'
Biodiversity is one of the fundamentaldemands of the naturalenvironment. Yet whilst green
space may provide diversity through counterpoint in the urban fabric, species variety and
diversity is something that is frequently absent from urban green space. Hough contrasts
two urban environments*firstly agreen, formallylandscapedboulevard in acity centre, which
is comprised of four or five species of plants and which supports no wildlife, and secondly an
abandoned waterfront site, which supports over 400 species of plants and frequented by
290 species of birds. He then asks the question, which should be considered the derelict
site?2
Whilst not allurban sites can expect to attractthe diversity found on abandoned waterfronts,
Hough makesthe importantpoint that the values that have determined the image of nature
within the city should be questioned. Ratherthan aesthetic value, perhaps consideration
should be given to enhancing the diversity of species within new green space as opposed
to reducing it, which is the effect that the traditionalimpositionof a formal city landscapeover
the original hashad upon naturalbiodiversity.
In the revisions considered for the most recent version of the assessment EdoHomes, credit
is awarded for improving the ecological significance of the site. An evaluation of the
biodiversityof the site is made before and after development, using natural plant species as
a proxy for the overallecologicaldiversity. Credit is then awardedon the basis of the degree
of improvement to naturalbiodiversity.
I Weizsacker, Ernst von, Amory B. Lovins and L HunterLovins. Factor Four - Doubling Health, Halving
ResourceUse, London: EarthscanPublicationsLimited, 1998.
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It should be recognised that there will be an interrelated link between the criterion of the
provisionof green space and that of Density:Quantitative,refer to Annexe 3.8. This can be
demonstrated through the parametersthat are use in the assessment of net residential
density, which includes private garden space and incidental open space and landscaping.
Therefore if an increase in the area of green space is proposed, this will have a
consequentialimpact of decreasingthe net residentialdensity of the project.
Historically,an assured food supply was the foundation of settlements, the surrounding land
supported the majorityof its food consumption; this is in contrast to today where the 'rural
hinterland'of many cities extends right around the globe. Many medieval European towns
were sustainable urban systems, isolatedislands of development located within a landscape
that supported their resource needs. A besieged city or castle would often have the
capabilityof producing food in order to sustainitself, and in this sense could be perceived as
a self-contained, self-sustainingsettlement. Ancient Rome, however, could be considered
as an example of the contemporary city, in that it drew on increasinglydistant resources to
feed itself, including Algeria, Moroccoand NorthAfrica.
With the majority of the transport of food powered by fossil fuels, the embodied energy of
the food is high, and has consequent effects on the greenhouse effect and resource
depletion. As an example, the city of Hong Kong produces a significant proportion of its

food within the colony's territory, yet still imports5,985 tonnes of food each day.3
Giradethas identified differences between alinear and acircular metabolismfor a city. Inthe
case of the former, the city derives its resource needs from a vast area, frequently extending
its influence acrossthe globe. However, in the case of acity with acircular metabolism,every
output of is utilised as an input into production systems to fulfil its needs, and therefore the
areaaffected by the city is much smaller. In reducing the impact area associated with a city,
the production and sources of food become very significant. This principle is also evident in
the process of 'environmentalfootprinting', which is away in which to represent the resource
consumption and waste production of a city. The ecological footprint is expressed as the
area of land required in fulfilling and assimilatingthese demands and pollution. Defined in
this way, the ecologicalfootprint of London extends to over 20 million hectares, 125 times
2 Hough, Michael. Cities and NaturalProcess, London: Routledge,1995.
3Girardet, Herbert. The GajaAtlas of Cities - AL-wDirections for Sustainable UrbanLiving, Gaia Books
Limited, 1992.
4Wackernagel, M. and W. Rees. Our Ecological Footprint, British Columbia:New Society Publishers,
1996; and Smith, Maf, John Whitelegg and Nick Williams. Greening the Built Environment, London:
Earthscan PublicationsLimited, 1998.
M
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greaterthan the actual surfaceareaof the city, and almostthe equivalentof the entire area of
productive land in the United Kingdom.4
Research has been conducted in the United States into the methods of bio-intensive
farmingtechniques, which are derived from methods used by the Chinese for centuries. It
has been demonstrated that these methods can be used to produce the entire nutritional
need of a person on a vegetarian diet, including the compost crops necessary for
sustainable production, on an area of land between 185 to 370 M2.5 On the basis of the
mean level of occupancy of dwellings in the United Kingdom, derived from census data, of
2.4 people per dwelling, this would require a mean land area of 668.9 M2 per dwelling
dedicated to the production of food by bio-intensive techniques. This would be in
comparisonto adwelling area,based on the Space Standards:Area benchmark,of 59.8 M2.
The benchmark of Ecological Significance of the Site will relate to the biodiversity of the site.
Therefore, the criterion of green space will be predicated to ensuring that a benchmarked
area of productive green space is included with the development of every dwelling, which
will contribute to the production of food and the assimilation Of C02, in addition to providing
habitat for wildlife, to the benefit of the biodiversity of the site.

The areaof green space provided on agreen field site by a national house builder is likely to
be higher than that provided in an urban context by the same house builder, to the higher
land costs in urban sites. However, for the purposes of consistency in the benchmarking
process, the area of green space in proportion to the floor area of the dwelling can be
demonstrated through an empiricalstudy. A typical 84 M2dwellingwas provided with an area
of privategarden of 165 M2. This areaof green space can be translated into a percentage of
the floor areaof the dwelling, of 196 percent.
A more urban scenario can be demonstrated by the Laivapoikaproject in Ruoholahti, a part
of the western harbour of Helsinkiand a short walk from the city centre, by Helin & Siitonen.
Until recent development, the area had been in decay; the city authorities produced a plan
for the district, which was intended to give the areathe mix of uses synonymous of a proper
urban quarter, including a residentialelement. The site itself is wedge-shaped, with its east
apexon acorner of busy roads. A new canal and urban landscapingto the north terminates
in a circular basin; this is intended to act as a landmark for the reconstruction of the
Ruoholahti district.The complex can be divided into three main pieces: two six stories high,
with a north-east corner tower being two stories taller;the tower acts as a prismreflecting light
5Weizsacker, Ernst von, Amory B. Lovins and L. HunterLovins. Op. Cit.
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into the triangulargreen open space below. Within this space the use of natural materialsis
detailed with craftsmanshipof the industrialstyle of the surrounding blocks. The overall floor
areaof the project is 9,947 M2;the areaof green open space has been determined as 2,158
m2. Therefore the proportion of green open space as afunction of the internal floor areacan
be established as 21 percent.
The benchmarkof Green Space for DrawnStudy Three is also high, due to the relatively low
density and semi-rurallocation,despite its ambition of an urban village. The benchmark has
been established that, accountingfor the shared spaces of the allotments and pocket parks
and the privategardens of individual dwellings, the proportion of green space as a function
of the internalfloor areais 237 percent.
Evidently, some of the comparatives made above are not appropriate to informing the
benchmark of Green Space for the 'urban house in paradise'. Therefore the decision was
made to establishthe benchmarkon the basisof innovating upon the selected best practice
European comparative.

Methodology of Assessment
The criterion will assessthe provisionof an areaof green space in proportion to the scale on
the building proposed. The type of space could range from a number of individual private
gardens to a semi-privatecommunalarea to a public open space. It is a criterion that has
been evolved through the research and does not, as far as has been possible to ascertain,
have a precedent in other assessments. The evaluationof the benchmark will be made on
the basis of the areaof productive green space the site, as a function of the total internal
floor areaof the project.
Although the specific intention is made throughout the thesis to quantify benchmarks in
dimensionalterms, this is not achievablein terms of the Green Space benchmark, due to the
huge, almost infinite, range of potential total floor areas that the 'urban house in paradise'
might have. The benchmarkis, therefore, quantified as a proportion, and can be converted
into a dimensional value, in terms of m2or ha, once the area of the dwelling or dwellings is
established. This can be summarisedin the equation below.
Area of productive green space /total net internalfloor areaof building(s)
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Conclusion
Therefore, the proposed benchmark for the criterion, seen in the context of the other
comparative benchmarks of the typical speculative dwelling, European comparative and
DrawnStudy Four, is proposed in the table below:
GreenSpace
Typical UKspeculative dwelling

196

Europeancomparative: Laivapoika
DrawnStudy: 3

21
237

The 'urban house In paradise'

25

Green Space benchmarkfor the 'urban house in paradise'

ý
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3.19 Lifecycle Cost
The cost benchmarkis acriticallyimportantone. Whilstit could be considered as at odds with
improvingthe performance standardsof dwellings; it will provide a 'control monitor' of the
comparison between the cost of improving performance standards to create the 'urban
house in paradise'as opposed to a standarddwelling, in the context of current innovations in
reducing construction costs. The initial view that the cost of a dwelling would be increased
through, for example, increasing thermal performanceof specifying more efficient heating
systems, should be re-evaluated in terms of the lifecycle cost, encompassing both
construction and energy costs. Therefore, in the context of holism and the consideration of
the lifecycleof a dwelling, created by the matrixof criteriaand its attention on sustainability,
the cost benchmark will reflect the lifecycle costs of the dwelling in addition to the cost of
constructing it.
In the publication Rethinking Construction by the Construction Taskforce the proposal is
madeto reduce the capitalcost of construction in the United Kingdom by 10 percent year on
year, excluding land and finance. ' The Movement for Innovation'starget reinforces this also.
The long-term impact of this continual reduction can be calculated through the following
equations:
to calculate the percentage reduction of the original cost for a given number of
years:
100 - (1ON. (0-9ý)
where y=newcost
x= originalcost
n= number of years
to calculate the new cost as affected by the percentage reduction for a given
number of years:
Y=X. (0.9ý
where y= new cost
x= original cost
n= number of years
The effects of this can be easilydemonstrated with acouple of examples. The build cost for
atypical dwelling today, with aconstruction cost of E50,000 would equate to the following:
I The Construction Task Force. RethinkingConstruction,London: HMSO,July 1998.
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Originalcost
C50,000

Numberof years
5

Percentreduction
59

Newcost
E29,524.50

E50,000

10

65

E17,433.92

E400.

5

59

F-236.20M-2

E400.m"

10

65

f: 139.47.M-2

M-2

Effects of the ConstructionTask Force Report on build costs over time

The Movement for Innovation, the body charged with the task of interpreting
recommendations made in the Construction Task Force's report into reality, briefly revised
the scope of the reductions in cost. The target was set to achieve:
through sustained improvements and innovation in product design and
...
development, in project implementation, in partnering the supply chain and in
production of components:
10 percent improvementseach year in lifetime costs, construction time, productivity
and profits.2
The change in emphasisto lifecycleis of criticalrelevance to the matrixof criteriathat define
the 'urban house in paradise',as one of its primaryobjectives is to determine the effects on
lifecycle costs, both ecological and monetary, of the criteria and their benchmarks.
Therefore the matrix should be able to predict, if reasonable assumptions are made, of
whether or not 10 percent reductions can be achieved or bettered.
One of the methods that the Movement for Innovation seeks to implement their targets
through are Key Performance Indicators(KPIs). Administered by the Construction Best
3
PracticeProgramme, the ten KPIs arebenchmarksthat are published annually: they provide
atool for performancemeasurementof a project or company against the range of standards
currently being achieved across the construction industry. The range of project criteriathe
KPIs assess are: client satisfaction in product, client satisfaction in service, defects,
predictability in cost, predictability in service, construction cost, and construction time. The
KPIs cover the whole of the construction industry, but have specific benchmarksfor these
2Movementfor Innovation website, 30 June 1999:www.m4i.org.uk
'Construction Best Practice Programme'swebsite: www.cbpp.org.uk
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criteriafor both new build private and new build public housing. In terms of construction
cost, the objective of the benchmarkisto measurethe,
Change in the normalised construction cost of a project in 1998 compared with
1997, expressed as a percentage of the 1997 Cost.4

The process requires identifying a comparable project the construction of which
commenced one year prior to the one that is to be benchmarked. For both projects the
Tender Price Index is determined, and then adjusted to take account of location, function,
sizes, and changes in resource cost; this creates the Capital Cost Index for each project.
The percentage change between the two CapitalCost Indexes is then determined, and a
graph isthen used to translatethis into a benchmarkscore.
The value of the KPIs for a specific project can then be compared with the average
performance of the rest of the construction industry, either for all construction or for a
particularsector. The 1998 average KPIs for the construction cost of new build housing
were:
HousingType
Newbuild housing- Private
Newbuild housing - Public

Industry Average Performance
-2 percent
-4 percent

1998 performanceof public and private sector housing providersagainst KPI constructioncost

These are, therefore, stillalong wayfrom the annual 10 percent reduction advocated by the
Construction Taskforce and the Movement for Innovation. It could be possible to use a
similarapproachto the Movementfor Innovationto implement the benchmarksof the Iurban
house in paradise'. Ratherthan proposing that the ideal benchmarkis achieved immediately,
and incrementalincrease in the performancecould be proposed year on year that would lead
toward, within a defined period of for example 10 years, achieving the performance of the
'urban house in paradise'. This would enable housing providers to respond to the new
construction methods that might be required, and pacifyresistanceto their acceptance. This
increase would have to be such that it would improve efficiency above the rate of the
projected increase in the number of households.

4 Construction Best Practice Programme. Key performance indicators 1998 - project Dýqli
. very and
Corrpany Performnce, London: HMSO,1999. The normalisedcost takes account of factors
such as
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The Whole Life Cost Forum, a collaborative initiative by all sectors of the construction
industry, was established in the spring of 2000.5 Its aim is to establish a database of whole
life cost and performancedata, based on the process of benchmarking proposed by the
Construction Best PracticeProgramme. The aimis to provide away,
integrating and maximisingthe effectiveness of capital and revenue spending
... of
to achieve best value in decision making.'
In lifecycle cost terms, the distinction should be made between the cost effectiveness of
improving standards as measured purely against fuel consumption costs, especially in the
context of decreasing fuel prices, and the wider impact of costs incurred through
environmental destruction and climatechange in both financial and ecological terms. The
former presents a blinkered outlook that would take no account of the wider cost benefits of
introducing increasedefficiency, or rather, the costs incurred through not introducing such
measures. Lowe and Bell put forward the introduction of carbon pricing on C02 emissions,
arising from the Kyoto Earth Summit, as an example.7 They suggest that maintaining the
current levels of thermal insulation in the Building Regulationswould expose the owners of
dwellings to the effects significantlyraisedfuel prices created by future carbon pricing.
A concept that has been developed that may be appropriate to the construction cost
benchmark in an urban sustainabilitymatýx is that of total cost accounting.,, The principle is
that the external costs of environmentaldegradation arising from the production processes
are represented within the internalcosting of the product.
Lowe and Bell propose an equation that will provide a simplistic theoretical analysisof the
impact of price on energy use. This attempts to provide a methodology for establishing at
what point the addition of increasing quantities of insulation cost, in financial terms, more
than is saved. Their equation is based on the assumption that the additional cost of
insulation does not include additional costs in the structure of the envelope, and that
reductions in energy costs is only considered in terms of fuel cost. Their proposal is
0
summarisedin the equation overleaf.

regionalvariation in tender costs, from the DETR'sQuarterly BuildingPrice and Cost Indices, inflation,
and differences in quality, assessed subjectively.
WholeLife Cost Forumwebsite, 29 August 2000: www.wlcf.org.uk.
Ibid.
7 Lowe, Robert and Malcolm Bell. Towards Sustainable Housing.- Building Regulation for the 21st
Century,Leeds: Leeds MetropolitanUniversity, 1998.
8 Curwell, Steve and Ian Cooper. 7he Implications of Urban Sustainability', Building Research &
Information,Number26 Issue 1,1998.
9Lowe, Robertand MalcolmBell. Op. Cit.
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Cl.t +AT. L. X. chtt

where, C=
C,=
t=
AT=
L
Ch

lifetime financial cost (C)
cost of insulation (E.M-3)
insulation thickness (m)
mean temperature difference between inside and outside (K)
life span of dwelling (s)
thermal conductivity (W. m". K-1)
cost of space heating (E.J")

The conclusion reachedis that optimalthermalinsulation of the wall and roof is 220 mm and
310 mm respectively.
The lifecycle cost of the dwelling was evaluated by considering each of the contributing
factorsto it individually. This analysisis presented in the following text.

Construction Cost
At the time of its submission, the Greenwich Millennium Village project set a benchmark
reduction in construction cost of 30 percent. Later, this was translated into a preliminary
quantitative benchmarkof 995 E.m2 for a 60.9 m2mid-floor apartmentlo;this was the typical
dwelling type used for aJIof the Greenwich benchmarks. Subsequent to the change in
architects, when HTA Architects left the project and were replaced by Proctor Matthews
Architects, further detailsof the construction and cost of the dwellings were released. Built
from timber frame as prefabricatedcassettes, the developer pledged that the construction
cost would be 653 C.M2.11This cost was an attempt to meet the goals put forward in the
Rethinking Construction.
The Aire Regeneration Partnership'swinning submissionfor the Allerton Bywater Millennium
Community,of which DrawnStudies 3,4 and 5 are a part, took on board the cost reduction
philosophy of the Movementfor Innovation. The intention of cuffing construction costs was
benchmarked by a proposed reduction of up to 19 percent in the first year, and by up to 30
percent at minimum after three years, when comparing like for like in terms of space
standardsand site conditions. A construction cost benchmark was proposed by one of the
nationalhouse builders for the build cost of atypical dwelling, of 592 E.M-2. The proposed

English Partnerships. GreenwichUllennium Village: Draft Benchmarking Manuel Energy, Water
Consumptionand ConstructionalEfficiency Targets(second draft), unpublished,5 Wy 1999.
" Booth, Robert. 'Prescott Sticks to His Guns Over GreenwichTargets', Building Design,* April 2000.
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cost of the dwellings for Allerton Bywater was predicted as 560 E.M-2.12
However, this new benchmark also included a higher ratio of habitable volume to floor area
construction

and a higher standard of specification in thermal performance, and higher performance
In the Terms of Agreement that
standards in energy, water and waste consumption.
followed the submission for the development of the project, English Partnerships included
the benchmark of a maximum construction cost of 506 C.M-2;this will be, therefore, the upper
limit benchmark for the project. This value can be converted into a lifecycle construction cost
that will take into account the design life expectancy of the dwelling of 100 years. Dividing
this value by 100 years gives a construction cost per annum over the dwelling's design life of

5.06 p. M-2.
_
In 1997, a European competition was organised by the French association Peripheriques,
intended as the generator for an open forum of ideas. 13 Thirty six architects were invited to
design a dwelling based on their own reflections of a new type of single-family house, and
the extension of that type into an urban layout; the house was to correspond to a traditional
three-roomed dwelling, but that could easily be enlarged to four or five rooms. A stipulation
of the competition was that, including plot, architect's fees and taxes, the cost should total
no more than FRF 499,900 (E51,732), the costs were validated by GEC Ing6ni6rie. Internal
areas varied greatly, ranging between 58M2 and 112M2.
equivalent cost of between 739 E.M-2and 461 C.M-2.

This would translate to an

The typical construction cost for a dwelling, the baseline benchmark, will vary with different
dwelling types. A standard method of cost assessment for the construction cost of new
dwellings is provided by the Royal Institution of Chartered Surveyors, in the Guide to House
Rebuilding CoStS.14 This will provide a complimentary, substantiated source for the cost of
the typical dwelling built to current regulatory standards, provided by the housing developer
for Allerton Bywater. These values are also divided by 60, the typical design life span of a
dwelling, to give a lifecycle equivalent cost. The figures for fees and demolition are removed
from the values. These costs are summarised in the table overleaf.

12Aire RegenerationPartnership. contribution to a renaissance 2- Annexes to the Report, February
1999.
13Peripheriques. 36 Propositionsfor a Horne,Basel, Switzerland:Birkhauser, 1998.
'4 Royal Institution of Chartered Surveyors. Guide to House Rebuilding Costs, London: ConnellyManton, 1999.

Iffecyclecost-5.2.01

DwellingType

Cost

Cost (E.M')

(f.

M

Detached

528

8.9

Semi-detached

596

10.0

2 storey terraced

584

9.8

3 storey terraced

714

12.0

Bungalow

595

10.0

2 storey block of flats

598

10.1

3 storey block of flats

669

11.3

Mean

612

10.3

2)

Constructioncosts for a variety of dwelling types"

The potential influence of regional variation should also be accounted for. These are
surnmarisedin the table below.
Region

Average Variation Factor

UnitedKingdomMean

1.00

East Midlands

0.94

North East

0.94

Yorkshireand Humberside
Wales

0.94

West Midlands

0.94

Eastern

0.99

South West

0.99

Scotland

0.96

NorthWest

1.01

South East

1.04

Greater London

1.17

0.94

Variation in constructioncost by region"'

The construction cost benchmark vAllembrace the Movement for Innovation benchmark
reduction of a 10 percent reduction year on year, and informed by the examples above in
Ibid.
Ibid.
0
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terms of best practice. The valuewill be divided by the design life span benchmarkto give an
annualequivalent cost, which willdemonstratethe further improvementthat can be made on
the typical product of a national house builder through increasing the longevity of the
dwelling. Therefore an initial benchmark of 592 Lm-2 was multiplied by the Movement for
Innovation'saspirationof a 10 percent reduction; this value of 532.80 E.M-2is below that of
the initialcost estimate for DrawnStudy Four, and comparableto the value demanded by
English Partnerships. Accounting for the design life spanof the dwelling, this equates to an
aý'.
annuaJequivalent value of 4.44 E.m-2.

Energy Costs
In respect of the Movement for Innovation's focus upon lifecycle, rather than just
construction, cost, these scenariosof the costs of atypical dwelling and the DrawnStudy 4
three bedroom equivalent dwelling should be translated into construction and lifecycle
energy use costs, which will then take account of the higher specification of the Allerton
Bywaterdwelling. The energy costs will be considered over a 60 year period, as the design
life of the typical dwelling. The typical fuel prices are taken from the current Standard
Assessment Procedure for the energy rating of dwellings;" the fuel consumption of the
typical dwelling has been taken from the fuel consumption of a three bedroom dwelling built
to current Building Regulations.18 This, with the respective initial fuel costs, can be
summarisedin the following table.
TypicalThree Bedroom Dwelling:
Consumption(kWh)

Fuel

Cost (p.kWh-')

Cost (E.a*')

Space Heating

7,926

gas

1.29519

102.6417

Hot Water

4,548

gas

1.295

58.8966

Function

Pumpsand fans
Cooking

175

elec

5.94020

10.395

656

gas

1.295

84.59

Lights and App's

3,000

elec

5.940

178.20

Total

1

1

434.72

Energy consumptionand costs for typical dwelling

17Building ResearchEstablishment. The Government's Standard Assessment Procedure for Energy
Rating of 0ywifings, Building ResearchEstablishment,1998.
18BRESCU. 'Building A Sustainable Future - Homes for an Autonomous Community,' General
Information Report53, London: Construction ResearchCommunicationsLimited, October 1998.
19Based on fuel cost in domestic gas bill from Gas Supply Company,30 April 2000.
2" Based on fuel cost for domestic tariff in, NORWEBEnergi. A Summary of Electricity Charges,
NORWEBp1c,1 April 2000.
a
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Allerton Bywater DrawnStudy 4,3 bedroom equivalent dwelling:
Function

Consumption(kWh)

Fuel

1,470

elec

Cost (p.kWh*')
-0
5.194

includedabove
362

elec

-5.940

392

gas

1,176

elec

Space Heating
Hot Water
Pumpsand fans
Cooking
Lights and App's
Total

Cost (E.a-)
87.318
21.597

1.295
5.5-40

5.0764
69-8544
183.79

Energy consumptionand costs for the DrawnStudy 4,3 bedroomequivalentdwelling

Worthy of note is that for one years consumption, excluding standing charges, the Drawn
Study 4,3 bedroom equivalent dwelling's energy costs are 42 percent that of the typical
three bedroom dwelling, or E250.93 less. Clearly this would contribute significantly to the
disposable income of the inhabitants.

The comparison of life time energy costs will assume an annual rate of fuel price rise of 2
percent; this figure was used by Lowe and Bell, for their calculation of the cost impact of
improving Building Regulation standards,taken the ComplianceCost Assessment prepared
for the 1994 Revision to the Building Regulations.2' Evidently the equation can be kept
flexible in order to account for more significant rises in domestic fuel prices, should these
become apart, in order that the benchmark can be kept up to date. The effect of this
increaseon the total energy cost over a sixty year period can be determined in the following
equation:

y=

n-0
2: (x+

z). 1.02

n-59

21Lowe, Robert and Wlcolm Bell. Towards Sustainable Housing: Building Regulation for the 21st
Century, Leeds: Leeds MetropolitanUniversdy, 1998.
It could be arguedthat a2 percent increase in fuel costs per annum is highin the context of failing fuel
prices; however, one must seriously consider if this will perpetuate in the context of the finite life
expectancy of fossil fuels. Estimates vary as to the reserves of fossil fuels vary, the British Wind
EnergyAssociation states that, 'The Governmenthas estimated that remainingreserves in the United
Kingdomat current rates of use will last 13 years for oil and 25 years for gas." (British Wnd Energy
Association. Mnd Energy - TheFacts, London: British Wnd Energy Association, 1995.) A shortage
0
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where y=totalfuelcost
x= current fuel cost
z= standing charge (if applicable)
n= number of years
Therefore, in summary,the total construction and lifecycle energy costs of the two dwelling
types, both based on a60 year period for purposes of comparability,can be summarisedas
follows.
Cost (E)

Function

Typical dwelling

DrawnStudy 4

Space heating

11,706.44

9,958.75

Hot water

6,717.25

included above

Pumpsand fans
Cooking

1,185.57

2463.17

9,647.62

578.97

Lights and appliances

20,323.98

7,967.00

Standing charge - gas22

2,916.30

2,916.30

Standing charge -electric

3,911.97

3,911.97

56,409.13

27,796.16

Lifecycle

total

Table of lifecycleenergy costs for typical and Drawn Study 4 dwelling

On this comparison,the cost per unit and standing charges are assumedto be then samefor
both dwellings; in reality this may not be the case, as it is the intention to bulk purchase
energy at Allerton Bywater,through the VillageCompanywhich will be long term stakeholder
in the site, which will lead to reduced energy costs. Despitethis, on a like for like charge the
energy costs for the Allerton Bywaterdwelling areC28,612.97, or over 50 percent less, than
the equivalent typical three bedroom semi-detacheddwellingover a 60 year period. Even if
the construction costs of the Drawn Study 4 dwelling were not benchmarked to be
comparable,the savingin energy costs would more than finance the additional costs arising
from energy savingmeasures.

of supply, increased difficulty in extracting from more rernote sources and increasing demand are all
factors that could affect an increase in fuel costs withthe next few decades.
22The standing charges were taken as 9.39 pence per day for electricity and 7.0 pence per day for
gas, from a standard domestic utility bill for a dwelling in Merseyside in August 2000. This was
averaged over three years at 364 days per annumand one year at 366 days per annum, to account for
leap years.
0
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Interms of lilecycle costs, therefore, the cost of energy over the life span of the dwelling can
be determined by the followingequation:

y=

2: (X+
Z). 1.02
n-1

where y= total energy cost
x= current energy cost
z= standing charge (if applicable)
n= life span (years)

Should more utility companiesfollow the lead taken by British Gasof abolishing the standing
charge on utility bills from January 2000, the lifecycle energy costs will become even more
significant. With the standing charge removed, 100 percent of the payment is made on the
basisof the quantity of energy that ahs been consumed.
The equation was used to predict the energy cost over the typical three bedroom dwelling
and the Drawn Study 4 dwelling over their respective design life spans. These values were
then divided by the floor area and the design life span to give energy costs in terms of C.m2.a7l; this will mean that there are comparable units with the construction cost benchmark.
The values are 11.15 E.M-2a*' for the typical dwelling and 7.76 C.M-2-a7lfor the Drawn Study 4
dwelling. Because the Drawn Study 4 dwelling has a life span 40 years longer than that of
the typical dwelling, the percentage fuel increase has more of an impact, and so the values
are closer than one might expect on the annual cost comparison given above.

WaterCost
A similarprocess can be undertaken to determine the lifetime savings that can be achieved
through the use of rainwaterand greywater recycling instead of potable mains water. In the
United Kingdom the typical consumption for domestic purposes is 160 litres per person per
day;23the cost of mains domestic water by volume, excluding standing charges, is 70.4
pence per cubic metre,24or0.0704 pence per litre. Therefore, the annual cost of water in
the typical dwelling can be determined as PL41.11per person. If the benchmark value of
mainspotable waterfor the'urban house in paradise'were adopted, of 6.5 litres per person
per day,-5this would equate to an annual cost of 21.67 per person. The sewerage charge,
which is based on the value of potable consumption, can also be calculated in this manner.

2'The Water Services Association. Waterfacts '97, WSA, 1998.
24Valuetaken from by North West Water domestic utility bill, August 2000.
21,Referto Annexe 3.35, Water Consumption:Inhabitation.
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At acost of 50.8 pence per cubic metre, this equates to 0.051 pence per litre; therefore the
annualcost for the'urban house in paradisewould be E1.20 per person, as opposed to that
of the typicaldwelling of E29.67 per person. To determine the lifecycle costs, these values
can be put into the equation derived for lifecycleenergy consumption:

(x+v+z).

y

1.02'

n-I

where y=totalcost
x=
v=
z=
n=

current potable water cost
current sewerage cost
standing charges (I applicable)
life span (years)

These two scenarios are put through this equation and the final values divided across the
design life span of the dwelling26togive values in terms of cost per person per annum of the
dwelling's life span. The costs are E174.80 per person per annum for the typical dwelling
and C97.85 per person per annum for the 'urban house in paradise'.' Despite the very low
consumption in the 'urban house in paradise' these two values are very close. This is
because of the impact of the cost increaseon the annual cost of 2 percent each year across
an additional 60 years for the 'urban house in paradise'; the high proportion of standing
charges that are the same for both dwellings exacerbates this. If the 'urban house in
paradise' were also considered over a 60 year life span, the cost would be e45.71 per
person per annum. Although the potable consumption of the 'urban house in paradise' is 4
percent of the typical dwelling,the cost over the sametime span is 38 percent: this is due to
the high proportion of standing charges.
With the water storage and recycling in the Drawn Study 4 dwelling, the consumption is
reduced to 155 litres per person per day; over the 100 year design life span, this equates to
an annual equivalent cost of 280.54 C.p*'.a7l. This is higher than that of the typical dwelling
due to the cost increases over the additional 40 year life span; if, for example the rate of
consumption were that of atypical dwellingover 100 years,the cost would be 287.12 E.p". a7
1,C6.58 per person per annum more, or E3290.00 for five inhabitants over the life of the
dwelling. If the consumption were that of the Drawn Study 4 dwelling over the 60 year
design life span of atypical dwelling, the cost would be 170.79 Lp*'. a7l,C4.01 per person
per annum less, or El 203.00 for five inhabitantsover the 60 year life of the dwelling.

'a 6o years for the typical dwellingand 120 years for the 'urban house in paradise'.
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To establish the European comparative for the lifecycle energy and water costs, the
comparatives used in the benchmarks of Energy Consumption: Inhabitation and Water
Consumption: Inhabitationwere used, refer to Annexes 3.16 and 3.37 respectively. The
values of consumption were analysed using the methodology established above. The
lifecycle energy consumption of the Passive Haus was determined as 7.39 E m-2.
a7l. This
value is low in comparisonto the others due to the very low energy consumption, but also
due to the period of life span over which the dwelling was assessed. As the Vale's Southwell
dwelling has no mains water supply, the cost of the water, excluding maintenance costs
which are discussed below, is zero E-p".a-'. However, the potential acceptance of the
lifestyle adopted by the Valesto achievethis benchmark,for examplethe use of composting
toilets, is potentially problematic,even with these cost savings.

Methodology of Assessment
The lifecycle energy and water costs will be based on the consumption values determined
for the respective benchmarks,for the design life span benchmark of 120 years. This value
will then be divided across the life span to give a value per annum, in order that it can be
comparablewith the consumption of dwellings without the samelongevity
The energy consumption costs will be based on the consumption in the Energy
Consumption: Inhabitationbenchmark,and calculated in the same manner as the values for
the typical three bedroom semi-detachedand the Aire 8100 dwellings above, summarisedin
the equation below. These can be determined irrespective of any energy generated by the
dwelling, in order to provide a value against which to offset the additional cost of energy
saving measures,and also the cost of energy generation installations.
The lifecycle costs of water consumption and sewerage charges are also calculated using
the formula below, and demonstrated above. The values of consumption are based on the
consumption quantities determined in the WaterConsumption: Inhabitationbenchmark.28

27Referto attached spreadsheets for the summaryof this analysis. Both scenarios are based on the
same design occupancy of 5 persons, across which the standing charges are spread.
2"The values used in the equation are taken as 70.4 pence per cubic metre and 6.55 pence per day
standing charge for potable water and 50.8 pence per cubic metre and 3.01 pence per day for
sewerage,and 15.93pence per day for surface water and highwaydrainage. Thesevalues were taken
from a standard domestic utility bill for a dwelling in Merseyside in August 2000. Because the
consumption is so intrinsically related to the occupancy of the dwelling, the standing charges are
divided by 2.4, the meanoccupancy level of a dwelling,to give a value in terms of E per inhabitant per
annum.
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Energy costs =
(X+Z). 1.02

y=I
n-1

where y =total energy cost
x= current energy cost

z= standing charge (if applicable)
n= life span (years)

Watercosts=
1 (x
+v+ z). 1.02n
n-1

where y =total cost
x=
v=
z=
n=

current potable water cost
current sewerage cost
standing charges (if applicable)
life span (years)

The construction cost as it is a design benchmark, can be determined in design terms from
the cost estimatesof the quantity surveyor. Ifthe dwelling is being assessed retrospectively,
then the actual construction costs can be used. The benchmarkshould be given in terms of
cost per unit floor areaas a separate value, and then included within the lifecycle cost in
terms of cost per unit floor area per annum, acrossthe design life span, to be consistent with
the other values within the lifecycle cost benchmark. This is achieved by dividing the life
construction cost by the life spanof the dwelling.
it would aJsobe possible to establish the impact of maintenancecosts over the life span of
the dwelling. The design life span benchmarkanalysis,refer to Annexe 3.7, can be used to
established the replacement of components over the life span of the dwelling, in a similar
manner asto which the lifecycle impact of embodied energy is determined, refer to Annexe
3.13. The additionalcost of this replacement can then be added to the overall construction
cost. However, it has not been possible, within the scope of this research, to establish
comparable benchmarksfor the maintenancecosts of dwellings, and therefore to propose a
value for the 'urban house in paradise'.

0
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Conclusion
Therefore, the proposed benchmark for the criterion, seen in the context of the other
comparative benchmarks of the typical speculative dwelling, European comparative and
DrawnStudy Four, is proposed in the table below:
Cost
Dwelling

Construction
(E. M-2

Typical

.a-')
9.87

EuropeanComparative

Energy
(E. M-2

Water

Total

a-')

11.15

174.80

21.02

174.80

7.68

7.39

0

15.07

0

DrawnStudy: 4

5.06

7.76

280.54

12.82

280.54

'urban house in paradise'

4.44

7.96

97.85

12.40

97.85

LifecycleCost benchmarkof the 'urban house in paradise'

a
Iffecyclecost-5.2.01'.

3.20 Nitrogen Oxide Emissions
Oxides of nitrogen, collectively termed NO, are produced as a result of the combustion of
fossil fuels. In the atmospherethey combine with waterto form nitric acids, and are thereby
associatedwith the production of acid rain.
Within the United Kingdom, transport accounts for approximately 56 percent of the
emissionsof nitrogen oxides, whilstthe extraction, distribution and burning of fossil fuels in
power stations accounts for a further 28 percent. The domestic sector only produces
approximately3 percent of the nationaltotal.' The levels of emissions of NOx in the United
Kingdom peaked in 1989, and emissions from road traffic peaked in 1992 ;2in 1994, when
the UK produced approximately2.7 million tonnes of NOx,3they were 9 percent lower than
in 1987, and in 1995 fell a further 5 percent.4 In 1997, the United Kingdom National Air
Quality Strategy was published. This set the standardsand objectives for the reduction of
the eight principal health-threatening pollutants, to be achieved by 2005; nitrogen dioxide
was included within the Strategy.
The amount of nitrogen released by the burning of fossil fuels depends on the temperature
of the burning process and the nitrogen content of the fuel. For example, coal, is comprised
of about 1 to 2 percent nitrogen, in crude oil less than 1 percent, and in natural gas between

5 and 10 percent.5 it is the latter of these fuels that concerns the level of NOx emissions
from dwellings.
Whereas for other fuel sources, where the emissions and efficiency that arise from
converting that fuel source into the fuel type used in the dwelling are determined by the
power station, such as coal into electricity, for natural gas the emissions and efficiency are
determined by the appliances in the dwelling itself. Currentlythere is no legislationthat limits
NOx emissions from small gas boilers, i.e. those below 50MW, although manufacturers are
developing and marketingproducts termed low NOx.
The specification of a benchmark that is only applicable to gas presents something of a
dilemma. Firstly, if an electric heat source were used, then there would be zero NOx
Digest of EnvironmentalProtection and Water Statistics, Number18, London: HMSO,1996.
2 Davison G. and C. N. Hewitt(eds). Air Pollutionin the UnitedKingdom,London: The Royal Society of
Chemistry, 1997.
3 BRECSLI,'Low NOx CondensingBoilers in Large Residential Buildings,' Final Report 20, Garston:
Building ResearchEstablishment, February1995.
4 NSCA. Pollution Handbook 1998, London: The National Society for Clean Air and Environmental
Protection, 1997.
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emissions at the dwelling although, as nitrogen oxides are a by-product of the burning of
fossil fuels, they would be produced at the power plant. However, if a Green Tariff were
used, which ensures the supply of electricityfrom a renewable source, then there would be
zero NOx emissions. Therefore, it could be considered that the benchmark for NOx
emissions should be zero, and consequently, eliminatingthe use of gas as a heat source.
However,gas is one of the most efficient fuels types," and has a relativelylow C02 Output in
terms of delivered energy againstother fuel types ;7therefore it will be an attractive option to
use as a fuel to achieve other benchmarks in the benchmarks of the 'urban house in
paradise'. In addition, research demonstrates that the use of gas as a domestic fuel is
increasing.8 Therefore, the matrix of criteria must benchmark the level of efficiency and
emissions that arise out of its use, although it should also advocate the use of alternative
sources if they collectively reduce the benchmarks, particularly if they are of a higher
significance rating in terms of reducing the overall ecologicalimpactof the dwelling.
BRECSUconducted measurementsof the NOxemissionsfrom a large residential building in
London, for four months in 1994, following the refurbishment of the heating system during
which the existing boilers had been replacedwith low NOxemission condensing gas boilers.
With no detrimentaleffect to the overall efficiency of the system, as compared to a standard
condensing boiler, the low NOxversion reduced the annual NOxemissions by 61 percent.
The actual level of emission from the low NOxcondensing boiler was 46 ppm, 95 mg.m-3or
73 mg.kWh-';those from acomparativecondensing boiler averaged 118 ppm, 241 mg.m-3or
186 mg.kWh*'.
In terms of European comparatives,proposed European limitson NOxemissionswould set a
maximumlevel of 139 ppm. A voluntary standard in Germany,the Blue Angel label, sets a
limit of 57 ppm; regulations in Switzerland enforce a maximum of 46 ppm.11 In terms of
emissions relative to energy consumption, these values translate as 246,101
mg.kWh-' respectively.

and 81

EcoHomes,the most recent issue of the Building Research Establishment'senvironmental
assessment of dwellings included, for the first time, a criterion of nitrogen oxide emissions
from gas boilers. The awardfor compliance is based on three levels of performance: 150,
100 and 70 mg.kWh", the latter being the highest standard of performance as it has the
5 Bridgman,Howard. GlobalAir Pollution,London: Wiley, 1990.
" Building ResearchEstablishment. Building Performance,London: HMSO,1983.
7 Building Research Establishment, The Government Standard Assessment Procedure for Energy
Ratingof Dwellings,London: HMSO,1998.
" Dunster, J. E., I. Micheland L. D. Shorrock. 'Energy Use in the Housing Stock,' BRE Information
Paper, IP20/94, Building ResearchEstablishment, December1994.
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lowest level of emission. 10 The benchmark proposed should at least achieve the highest
performance of EcoHomes; however, whether or not it should be lowered further depends
upon the availability of appliances that can exceed the standard of 70 mg. kWh-1.
In proposing anew benchmark, therefore, it is crucial to ensure that the proposed value can
be achieved through the specification of appliances that are in production, and ideally within
the United

Kingdom to

minimise the

embodied

energy

content.

Therefore

the

manufacturers and distributors of gas boilers were contacted to determine some comparable
values of appliances including energy efficient ones, typically condensing gas, that are
currently available. Values ranged between 112 and 194 mg. kWh-'for traditional appliances,
and 16 to 53 mg. kWh*l for condensing gas boilers. " It would therefore be justifiable, if
products are available, to set the benchmark below that of the EcoHomes.

The value of the Drawn Study comparativewas derived from the Glasgow project, as the
Allerton Bywater DrawnStudies do not use gas boilers. The benchmark of 70 mg.kWh-I is
derived from the condensing gas boilerthat it is envisaged would be used within the project.

Method of assessment
The methodology used to assess the level of compliance with this benchmark will be
through using manufacturer'sdata for appliances during their specification. This will be in
terms of relativevaluesfor emissionsper kilowatt,quantified in mg.kWh-1.The absolute level
of emissions can also be determined once the Energy Consumption: Inhabitationlevel has
been calculated. This will be achieved by multiplyingthe consumption of the appliance,for
example by space and water heating, by the benchmark. For example, for the typical
dwelling built to current Regulations,this will be:
(7,926 + 4,548) x 70 mg.kWh"

-- 873 g NOx

'BRECSU. Ibid.

Draft proposals for the revision of the Environmental
10Building Research Establishment.
Standard,
1995 edition; and Rao, Susheel, Alan Yates, Deborah Brownhill and Nigel Howard. EcoHomes - The
Limited, 2000.
Environmental Rating for Homes, London: Construction Research Communications
from Caradon Plumbing Solutions,
Yorkpark Limited and Atlantic 2000,
11Personal communication
November 1999.
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Conclusion
forthe criterionof NitrogenOxideemissions
Therefore,
the proposedbenchmark
fromGas
Boilers,seeninthe contextof the othercomparative
benchmarks
of the typicalspeculative
dwelling,
StudyTwo,is summarised
inthetablebelow.
a European
comparative,
andDrawn

NO, Emissions(mg.kWh-)
Typical UK speculative dwelling

153

Europeancomparative:Swiss Regs
DrawnStudy: 2

81

The 'urban house In paradise'

60

70

NitrogenOxide Emissionfrom Gas Boilers benchmarkfor the 'urban house in paradise
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3.21 Other Ecological

Impacts of Materials

WhiW other criteriawill account for the energy embodied within the materialsfrom which the
.urban house in paradise' is built, and the consequent carbon dioxide emissions from the
generation of that energy, there are other forms of environmentaldegradationcaused by the
extraction,processing, fabricationand transport of building materials.The criterion of Use of
Recycled Materialswill have some impactin ensuring that effects of extraction are minimised,
by benchmarking a proportion of the materials used to construct the 'urban house in
paradise' that are not to be sourced through primary extraction. This criterion and its
benchmarkaimto ensure that sufficient consideration is given to those effects.
One impact that could be considered is the level of wastage that is associated with the
extractionand processing of materials,which can be considered as a form of pollution. This
would vary between different materials,but also may be affected by the particularextraction
and refinement processes that are used. Some materialextraction processes, such as the
open cast mining of aggregates, will also have an impact upon wildlife habitat and therefore
on biodiversity.
Another impact arising from materials is the pollution caused by fossil fuel consumption
during extraction and processing and transportation, above and beyond C02 emissions
which are accounted under the Ecological Weight: C02 Emissions and C02 Emissions:
Construction Processes criteria.

This would include, primarily, sulphur dioxide (S02),

particulate matter (PM10), nitrogen oxides (NOx) and carbon monoxide (CO). These values
would be different for various materials, not only because of the various levels of embodied
energy, but also because of different types of fuels used in the extraction and processing of
different materials, as different fuels have substantially different emission factors. This can
be seen in the tables overleaf, by comparing the emission per kWh for electricity and gas.

As the fuel ratios for the different quantities of fuels that make up the embodied energy of
the materialshave not been able to be determined,' a value is assumed of 1: 11 for gas,
electricity and petroleum. This will allow a value for the benchmark of emissions to be
determined, demonstrating the methodology that is used, for when a true ratio can be
determined. This will be measuredper kWh of embodied energy; if the ratio is 1:11, then
' Such values are likely to exist, but this study has not been able to determine them, despite
extensive work. It was considered beyond the scope of this research project to calculate these for
different material types, but it wouldbe possible to do so in consultation with material manufacturers.
The methodology for such a process can be found in Howard, Nigel, Suzy Edwards and Jane
Anderson. BRE MethodologYfor EnvironmentalProfiles of Construction Materials, Componentsand
Buildings, London:Construction ResearchCommunicationsLtd., 1999.
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this will be 0.33 kWh of gas electricity and petroleum. Evidently other fuel types can be
added if required.
The Building ResearchEstablishment'sMethodology for Environmental Profiles determines
the emissions associated with fuel consumption from the NETCEN National Atmospheric
Emissions Inventory, based on 1996 figures which are the most recent available.2 These
figures also take into account the upstreamemissions arising from the extraction, refining,
and supply, as well as the energy consumed in extraction, refining and supply of the energy
to conduct to processes:

Pollutant

Emissionfactors of fossil fuels (g.kWh-')
Gas

Oil

Coal

so,

0.008

0.555

2.848

PM10

0.004

0.050

0.315

NOx

0.334

0.480

0.564

CO

0.010

0.051

0.518

VOCS

0.032

0.255

0.065

CH4

0.403

0.076

0.940

N,O

0.00036

0.00212

0.02689

1
1

Emission factors of different types of fossil fuels

In terms of generating electricity, accounting for the inefficiencies of power stations and
transmissionafter generation meansthat per kWhof delivered energy the emissions be:

Pollutant

Emissionfactors of fossil fuels (g.kWh")

Gas

Oil

Coal

so,

0.018

1.388

9.493

PM10

0.010

0.125

1.050

NOx

0.835

1.200

1.90

CO

0.025

0.128

1.727

VOCS

0.080

0.638

0.217

CH4

1.008

0.190

3.133

N,O

0.00090

0.00530

0.08963

Emission factors for delivered electricity
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On the basis of the fossil fuel mix used to generate electricity, derived from the Digest of
United Kingdom Energy Statistics 19983 (33 percent coal, 31 percent gas, 26 percent
nuclear and 2 percent oil), it can be determined that to generate one kWh of electricity will
create the following emissionsform each fuel type:

Pollutant

Emission factors of fossil fuels (g.kWh-')
Gas

Oil

Coal

Total

so,

0.006

0.028

3.133

3.167

PM10

0.003

0.003

0.347

0.353

NOx

0.259

0.024

0.620

0.903

CO

0.008

0.003

0.570

0.581

VOCS

0.025

0.013

0.072

0.110

CH,

0.312

0.004

1.034

1.350

N,O

0.00028

0.00011

0.02958

0.02997

Emissionfactors for delivered electricity per one kWh by fuel type

Therefore, the quantity of emissions that are produced per kWh when derived equally from
the three different fuel types can be derived as follows. As described above, should data be
determined for the various balancesof fuel types for different materials,the ratio of 0.33 can
be varied accordingly. Also, other fuel types can be added as necessary.
Electricity:

0.33 x 0.353
0.33 x 0.903

= 1.056 9SO2.kWh-'
= 0.118 gPM10.kWh-'
= 0.301 g NOx.kWh-'

0.33 x 0.581

= 0.194 gCO.kWh-'

0.33 x 0.110

= 0.036 gVOC. kWh-'
= 0.446 gCH, kWh-'

0.33 x 3.167

0.33 x 1.350
0.33 x 0.02997
Gas:

0.33 x 0.008
0.33 x 0.004

= 0.010 gN20. kWh-'
= 0.003 9S 02. kWh-'

0.33 x 0.372

=0.001 gPM10. kWh-'
= 0.123 g NOx.kWh-'

0.33 x 0.011

= 0.004 gCO. kWh-'

0.33 x 0.036

= 0.012 gVOC/.kWh`

I Howard,Nigel, SuzY Edwardsand Jane Anderson. Op. Cit.
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Petroleum

0.33 x 0.448
0.33 x 0.0004

= 0.148 gCH,. kWh"'
=0.0001 gN20. kWh-1

0.33 x 0.642

= 0.214 9SO2.kWh-I
=0.191 gPM10. kWh-1

0.33 x 0.572
0.33 x 5.894
0.33 x 3.380
0.33 x 1.681
0.33 x 0.162
0.33 x 0.12378

= 1.965 g NOx.kWh-'
= 1.127 gCO. kWh-'

= 0.555 9VOC.kWh-'
= 0.053 gCH4.kWh-I
=0.041 gN20.kWh*l

Therefore, in total the pollutant emissionsbenchmark,on the basis of a 1:1:1 rabovAllbe:
= 1.279SO2.kWh-'
= 0.31 gPM1O.kWh'I
= 2.389 g NOx.kWh-'
= 1.325 gCO.kWh-I
= 0.603 gVOC.kWh-'
= 0.647 gCH4.kWh'I
= 0.052 gN20.kWh-I
Once an accurate ratio of fuel mixes has been determined for a variety of materials,then a
more accuratevalue can be determined; a benchmarkreduction could then be proposed on
the basis of what is possible through the specification of alternativematerials. The purpose
that this benchmark will serve is to ensure that in the specification of materials with lower
embodied energy, the level of pollution does not in fact increase, due to a change in the
ratio for a fuel with much high emissionsfactors. However, using this value for the present
will serve to integratethe benchmarkinto the matrixof criteria.
The benchmark will also be defined in a further way. EcoHomes, the Building Research
Establishment'senvironmentalassessmentof dwellings alsoconsiders the ecological impact
of materials.This is based upon the Green Guide to Housing Specification.4 Based on the
Methodology for Environmental Profiles, it provides a reference guide for the relative
environmental impactsof building materialson a scaie of A, B or C. The Guide assess the
relative impacts of different materials in terms of a number of environmental impacts,
including climatechange, mineralsextraction,toxicity and wastegeneration.
3 Department of Trade and Industry. Digest of United Kingdom Energy Statistics 1996, London:
HMSO,1998.

M
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This is similar to the Environmental Preference Method (EPM), developed in 1991.5 Its aim is
to provide a methodology for the comparative assessment of environmental impact of
materials and products used in both construction and refurbishment, during the design
process. Over halt of the Dutch local authorities use the EPM in drawing up guidelines, and
it is used as an evaluation tool in seven EU member states.

The EPM compares materials and products for each element or application in the
construction and refurbishment process, and ranksthem accordingto environmental impact;
the outcome is not an absolute, valued environmentalimpact assessment,but rather a scale
of preference. Based on the structure of the Life Cycle Assessment (LCA) consideration is
given to the whole life cycle of the materialor product, from extraction,through production,
building, occupation, to decomposition. The principlecriteriaconsidered in the assessment
are:8 shortage of raw materials,ecological damage caused by extraction of raw materials,
energy consumption at allstages (includingtransport), water consumption, noise and odour
pollution, harmfulemissions,global warmingand acid rain and waste
The benchmark will include the requirementthat allof the materialused in the construction of
the dwelling achieve an 'A' rating in the Green Guide to Housing Specification. This was
selected over the Environmental Preference Method as it is predicated exclusively toward
housing and has been issued more recently; for both of these reasons it was considered
more relevant.
The dwelling in DrawnStudies 4 and 5 will achieve compliance through fts use of renewable
and recycled materials. It is envisaged that the concrete will contain recycled aggregates,
and that at least some of the dwellings will be clad in timber, a renewableresource.

Methodology of Assessment
An evaluation of the pollution emission factors will be based on the mean emissions per
kilowatt-hour of embodied energy consumption. This will require that the breakdown of
different fuel consumption for the variety of materials that are used in the dwelling is

I Anderson, Jane and Nigel Howard. The Green Guide to Housing Specification - An Environmental
Profiling System for Building Materials and Components, London: Construction Research
CommunicationsLimited,2000.
6 Anink, David, Chiel Boonstra and John Mak. Handbookof Sustainable Building - An Environmental
preference Method for Selection of Materials for Use in Construction and Refurbishment,London:
James and James, 1996.
' Ibid., p. 8.
=
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ascertained, which will require information that it has not been possible to establish within the
scope of the research. Therefore an approximate benchmark, and the methodology for
assessing that benchmark in the light of this information, is proposed. The benchmark can
be determined by multiplying the proportion of energy consumed by each fuel type of the
overall embodied energy by the emission factors for that fuel. The emissions for all of the
fuels are then summed. This methodology is demonstrated in the text above.

The benchmarkwill be in the form of a requirement ensuring that due consideration will have
been paidto the level of effects of the materialsspecified on the given impacts. This will be
qualified in the form of ademand that all materialsmeet classificationWof the Green Guide to
Housing Specification.

Conclusions
The benchmark in terms of the pollution caused through embodied energy will be as follows;
this is based on the assumed fuel mixratio of 1:11. As it has not been possible to evaluate
comparativesand the DrawnStudies, just the valuesfor the basic benchmarkare proposed.
= 1.27 9SO2.kWh-I
=0.31 gPM10. kWh-I
= 2.389 g NOx.kWh*'
= 1.325 gCO. kWh"
= 0.603 gVOC. kWh-I
= 0.647 gCH4.kWh*'
=0- 052 g N20.kWh-'

Total pollution = 6.596 g. kWh-I
Interms of the wider ecological impactsof materials,the benchmarksare summarisedin the
table below.
Other Ecological Impacts of Materials
Typical UKspeculative dwelling

C

Europeancomparative:
DrawnStudy: 5

A

The 'urban house In paradise'

A

Other Ecological Impactsof Materialsbenchmarkfor the 'urban house in paradise'

M
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3.22 Other Greenhouse Gas Emissions
Whilst in terms of anthropocentric emissions carbon dioxide is the principle gas that
contributes to the 'greenhouse' effect of the warmingof the planet, others also contribute.
The table below summarisesthese, and their proportion of contribution to warming. The
sources of these gases, particularly with reference to the emissions that arise as a
consequence of dwellings, arediscussed in the text that follows.
Gas

Contributionto Warming(percent)

Coý

50

Methane

19

Chlorofluorocarbons

17

Troposphericozone
Nitrous oxide

8
4

Table of comparativecontributionto warmingof greenhousegases'

This table is based on the contribution to the greenhouse effect in terms of their relative
emission from anthropocentric sources. It should also be borne in mind that these gases
have very different potential to contribute to the greenhouse effect in terms of comparable
quantity of emissions,for example on the basis of a kiogrammefor kilogrammecomparison.
This can be demonstrated in the table below.
Gas

WarmingPotential

coil

1

Methane

70

Chlorofluorocarbons

6,000

Troposphericozone

2,000

Nitrousoxide

200

Table of potentialcontributionto warmingof greenhousegases for equal masses'

From this table one can deduce that kilogrammefor kilogramme,methane has a contribution
I Henderson, G. and L. D. Shorrock, 'Greenhouse-gas Emissions and Buildings in the United
Kingdom,' IP2190,BRE InformationPaper,Garston: Building ResearchEstablishment, April 1990.
2 Rodhe, Henning. 'A Comparisonof the Contributionof Various Gases to the Greenhouse Effect, '
Science, 8 June 1990.
M
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to the greenhouse effect 70 times that of carbon dioxide, and 200 times for nitrous oxide.
Evidently the emission of gases such as tropospheric ozone and chlorofluorocarbons are
highly significant.
Methane
)- A reduction in the emissions of
19 percent of global warming is caused by methane (CH,,
some sources of methanewill be inherent through other benchmarkswithin the matrix.The
primarysource of methane that can be attributed to dwelling is produced in refuse tips by
decomposting waste; therefore, the benchmark reduction of domestic waste through
recyclingwill also directly contribute to a reduction in methaneproduction arising from landfill.
The burning of fossil fuels to generate energy also causes methane emissions; however,
the reduction in energy consumption benchmarked by the criteria of Ecological Weight:
Embodied Energy, Energy Consumption: Construction Processes and Energy
Consumption: Inhabitationwill account for the reduction in these emissions. As the only
significant sources of methane production arising from the processes directly associated
with the dwelling is benchmarked by other criteria,there is no reason to include them here
also.

CFCs and HCFCs
(CFCs) follow methane as the next most significant contributor to
greenhouse warming. Although only relatively small quantities of the gas are involved, they
add to their destruction of stratospheric ozone, an essential barrier which prevents harmful

Chlorofluorocarbons

ultraviolet light from the sun reaching the surface of the earth, a level of performance as a
Hydrochloroflourocarbons
greenhouse gas that is ten thousand times that of C02-3
(HCFCs), which are used as a replacement for CFCs for some foamed plastic thermal
insulation materials, have ashorter atmospheric lifetime than CFC, asthey contain hydrogen,
and are therefore thought to be less damaging to stratospheric ozone; however, they are still
considered as greenhouse gases. 4

Traditionaflythere have been two uses for CFCs in buildings; firstly as blowing agents in
insulation materials,and secondly as refrigerants in air-conditioning. The Montreal Protocol
of 1989, on substances that deplete the ozone layer, sought to commit industrialised
nations to cut CFC consumption by half by the year 2000. Its subsequent revision in
London in 1990 led to the amendment of a complete phase out of CFCs by January 2000.
3Vale, Brenda and Robert. GreenArchitecture - Designfor a SustainableFuture, London: Thames and
Hudson, 1991.
4Building Research Establisment. 'CFCs in Buildings,' BRE Digest 358, Garston: Building Research
Establishment, October 1992.
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This was followed in 1992 by a revision in Copenhagen to cease the production of CFCs
from 1 January 1996.5 In 1997, the European Union proposed that the timetable leading to
a phase out of HCFCs should be tightened, with a new deadline of 2015. This, however,
was not included within the 1997 amendment to the Montrea.1Protocol. 6
In December 1994, following

the

reviews of the Montreal Protocol, the

European

Commission agreed to EC Regulation 3093/94/EC on substances that damage the ozone
layer. This bans the use of CFCs from 1 January 1995, and limits the use of HCFCs to, on
the base level of 1989, a35 percent reduction form January 2004,60 percent from 2007,80
percent by 2010,90 percent from 2013 and a total ban from 1 January 2015. However,
legislation does concede that in the interim, HCFCs may still continue to be used if there is
no alternative substance that can be used in its place. The United Kingdom foam industry is
expected to continue using HCFCs until 2004, contributing to the 35 percent reduction
required from that date; the total use of HCFCs in the production of foams in 1999 was 523
ODP tonnes. '

The reduction of HCFCswill be achievedthrough the specificationof insulation materialsthat
have been produced without using any of the variantsof the gas as blowing agents. It has
been possible to determine that the manufacturer Cellotex uses the HCFC 141B as a
blowing agent in the production of some insulation materials.' This has an ozone depletion
potential of 0.08 times that of the CFC R11, which is used as the benchmark gas, and has a
global warming potential of 150 times that of CO,.'
Despite extensive correspondence being issued to both manufacturers and trade
associations, only one manufacturerwould supply details of the quantity of HCFC used in
the production of insulation foams. In every case where a reason was given for not supplying
values, this was due to the confidentiality of such data. Therefore, the calculation of the
effect of this benchmarkwill be based on this value of 140 kgHCFC per tonne of insulation.10
The only stage at which the gas leaks is during manufacture; when within the dwelling, the
gas is held within the insulation, and regulationsgovern the disposal upon demolition. The
Ibid., AddendaFebruary 1993.
NSCA. Pollution Handbook 1998, London: National Society for Clean Air and Environmental
Protection, 1997.
1 March Consulting Group - Departmentof the Environment,Transport and the Regions. Proposed
AjewControls on CFCs, HCFCs, 1,1,1 Tfichloroethaneand Carbon TertrachlOnde- UK Compliance
Cost and Impact Study, London:HMSO,September1998.
8 Personal communicationwith Cellotexand EcothermLtd.
9Thomas, Randall(ed). EnvironmentalDesign,London: E&FN Spon, 1996.
10Two values were given by the manufacturer,one of 140 kgHCFCper tonne for foam vAtha density of
24 kg M3 and 95 kgHCFC.tonne-1for foam with a density of 55 kg. M3. The former value is used
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value of the proportion of gas released during the manufacture of HCFC insulation is 5
percent."
In terms of insulation materials,alternatives are availablethat are either non-blown, or are
blown with alternativegases that do not have an ozone depletion effect. However one such
alternative is C02; whilst having no ozone depleting effect, and although the quantities
involved are relativelysmall,C02 does aJsocontribute to the greenhouse effect.
The substitution 01 C02 for CFCs can lead to an increase in thermal conductivity, therefore
requiring more materialto achieve the same level of insulation, and thereby increasing the
overall level of embodied energy.12However,there are some insulation materialsthat do not
require a blowing agent, for example: cellulose, which is made from recycled news paper,
mineralfibre, which can be used for most applications,and cellularglass, which can be used
for floor, walland someflat roof insulation.
The

Building

Research

Establishment's

environmental

assessment

of

dwellings,

EcoHomes, assigns credit for the specification of all insulation materials to have an ozone
depleting potential of less than 0.10, and assigns a further credit for the specification of
insulation materials that have a zero ozone depletion potential. '3 Bearing in mind the effects
Of C02, the 'house in paradise'would
C02be not used as a replacement.

demand that, despite the small quantities involved,

In terms of refrigerants,CFCs and HCFCsare found in air conditioning systems as there is
the potential to use CFCs recoveredfrom old systems to service existing equipment, In the
event that airconditioning is used within the dwelling, sufficient alternatives are availablethat
can work with equal efficiency, so as not to increase energy consumption, to eradicate the
use of CFCsand HCFCs.
Therefore, the benchmarkproposal for CFCs and HCFCswill be zero, with the requirement
that alternativesdo not have an ozone depleting or other greenhouse effect potential.

because the manufacturerstates that this is the one most frequently supplied, as it both reduces
materialcosts and has a better value of thermalconductivity.
" Personal communication with Mr G. W. Ball, President of the British Rigid Urethane Foam
Manufacturer's Association, 25 April 2000. The communicationstated that 5 percent of the added
blowingagent is lost duringmanufacture. Noneis lost duringuse, and upondemolitionthe insulation is
collected and combusted to destroy the blowingagent without emission to the air, in accordance with a
draft EU Directiveon demolitionwaste.
12Rao, Susheel, Alan Yates, DeborahBrownhilland Nigel Howard. EGOHOmes
- The Environmental
Ratingfor Homes, London:Construction ResearchCommunicationsLimited,2000.
M
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Tropospheric Ozone
It is increased levels of ozone (03) within the troposphere, the atmospheric layer between 6
to 10 km from the earth's surface, which causes a contribution to the greenhouse effect.
With approximately an 8 percent contribution to greenhouse warming, tropospheric ozone is
formed largely by the action of sunlight on pollution arising, in the case of dwellings, from the
burning of fossil fuels. 14 The major source Of 03 is the photolysis of nitrogen dioxide (NO2),
which produces monatomic oxygen (0); this reacts with molecular oxygen (02) to form 0..
The contribution of fossil fuel burning contributes to the production Of 03in two ways. Firstly
through the direct emission of N20, see below. Secondly, the emission of nitric oxide (NO)
from vehicles and other fossil fuel burning accelerates the photolysis process, due to the
reaction of NO with water vapour to produce increased levels of N02.15

The proportion of significantcontributors to the emission of nitrogen oxides has varied over
time. Evidence suggests that the proportion arising from road transport is increasing in
comparison to fossil fuel burning in power stations. In 1986 the percentages were 40
percent for both road transport and power stations;16in 1994 49 percent for road transport
and 24 percent power stations;17and in 1998 47 percent for road transport and 22 percent
for power stations." The decrease in emissionsfrom power stations is achieved through the
reduction of the number of coal fired power stations, combined with the installation of low
NOxburners to other coal fired stations.
Therefore, like methane, the reduction of tropospheric ozone will be accounted for by the
decrease in fossil fuel consumption that occurs as a consequence of the reduction in energy
consumption benchmarked by the criteriaof Ecological Weight: Embodied Energy, Energy
Consumption: Construction Processes and Energy Consumption: Inhabitation. Therefore,
rather than creating a specific benchmark for an emission that does arise as a direct
consequence of the dwelling, the reduction in emissions is considered to have been
accounted for within other criteria.

13

Ibid.
14Vale, Brenda and Robert. OP.Cit.
15Wellburn,Alan. Air Pollutionand ClimateChange,London:LongmanScientific and Technical, 1994.
'a Harrison, R. M. (ed). Pollution: Causes, Effects, and Control, London: Royal Society of Chemistry,
1990.
17Digest of EnvironmentalProtectionand WaterStatistics, Number18, London: HSMO,1996.
'a Department of Trade and Industry. Digest of United Kingdom Energy Statistics 1998, London:
HMSO,1998.
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Nitrous Oxide
Nitrous oxide (N20) contributes approximately 4 percent of greenhouse warming. The
production of N20that is caused by dwellingalso arises from the burning of fossil fuels, both
in terms of electricity generation and gas appliances. As with tropospheric ozone, the
reduction of N20will be accounted for by other benchmarks.The reduction from the burning
of fossil fuels will be accounted for by the criteriaof Ecological Weight: Embodied Energy,
Energy Consumption: Construction Processes and Energy Consumption".Inhabitation;the
benchmarkof NOxemissionsfrom gas boilers will include the reduction of N.O.

Methodology of Assessment
The only probable source of gases that contribute to the greenhouse effect that are not
alreadyaccounted for, in terms of the benchmarked reduction of their sources, is blown
insulation materialsusing HCFCs. Therefore, in the specification of insulation materials,the
designer must ensure, to achievethe benchmark,that no HCFCsare used in its production.
The assessment will be based on manufacturer'sdata; where this is not availablethe value
derived through the researchwill be used.
The overall emission will be based upon the massof insulation used. This can be derived
from the volume of insulation, which can be calculated from design drawings, which is
converted to the massof the materialby its density. The constant that has been derived is
140 gHCFC per kilogrammeof insulation; as only 5 percent is emitted during production, the
total emissionscan be derived by the following equation.
emission (gHCFC)=

Massof insulation x 140 x 0.05

Conclusion
Therefore, the comparativebenchmarks and the proposed benchmark level of the Other
Greenhouse Gas Emissions of the 'urban house in paradise' are summarised in the table
overleaf. There are a plethora of comparativesthat demonstrate the use of non-HCFC
insulation materials,and although one is demonstrated below, it should not be considered
that this demonstrates a particulardegree of innovation. For the 'urban house in paradise'
there will be the additional benchmark requirement that any alternatives should have zero
contribution to ozone depletion and the greenhouse effect.

0
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Other Greenhouse Gas Emissions
CFC

HCFC

Typical UK speculative dwelling

0 kgCFC

140 g/kg" insulation

European comparative: Southwell

OkgCFC

OkgHCFC

Drawn Study: 5

OkgCFC

OkgHCFC

OkgCFC

0 kgHCFC

The 'urban

house

In paradise'

Other GreenhouseGas Emissionsbenchmarkfor the 'urban house in paradise'
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3.23 Pollution Emissions: Energy Consumption Inhabitation
As the level of pollution arising from the consumption of fossil fuels varies by fuel type, the
level of pollution that the dwelling creates can vary significantly, even if the actual quantity of
energy consumed remains the same, by varying the fuel used. The purpose of this
benchmark will be to ensure that fuel types are not used that lead to higher levels of
pollution, when other alternatives are available.

This criterion will be based upon the level of pollution produced by the energy consumed
within the dwelling during inhabitation;' the fuel types that are used to fulfil the energy
demands of the dwelling will influencethis. This criterion will be based on the relative rather
than absolute level of pollution, as it is independent of the actual level of energy
consumption. If it were based on the absolute level of pollutioncreated by the benchmarked
energy consumption, one could comply by cutting the level of energy consumption in half to
use a fuel that produces twice the level of pollution per kilowatt-hour. The same effect also
applies of the area of the dwelling. Therefore,the benchmarkwill determined per kWh.M-2a', based on the ratio of fuel types used in the dwelling. It will act as a complimentarycheck
to the benchmarkof EnergyConsumption:Inhabitation.
This assessmentcan be demonstrated,as well as showingthe 'typical' dwelling scenario, by
determining the value for a three bedroom dwelling built to 1995 Building Regulation
standards.
Energy Use (kWh.a-1)

Energy Consumption(kWh.M-2.a-1)

Space Heating

7,926 (gas)

94

Hot water

4,548 (gas)

54

175

2

656 (gas)

8

Lights and Appliances

3,000

36

Total

16,305

194

Function

Pumps and fans
Cooking

Energy consumptionof a typical dwelling, built to current standardS2

I The pollution from the embodied energy consumed by the dwelling is accounted for under the
benchmark of Other Ecological Impactsof Materials.
2 BRECSU. 'Building A Sustainable Future - Homes for an Autonomous Community,' Generai
InformationReport53, London: HMSO,October 1998.
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In this case, the total consumption

is 194 kWh. M-2.a-1, from 156 kWh. M-2.a-I of gas and 38

kWh. m-2.a-1 of electricity;

by the ratio of fuel consumption,

therefore

kWh. M-2 a", will be 0.76 gas and 0.24 electricity.
Impacts of Materials,

the consumption

Under the benchmark

the emissions of pollution per kilowatt-hour

Electricity:

Gas:

of Other Ecological

were determined

fuel types. 3 Thus the total emissions per kilo-watt hour can be calculated

= 0.633 gSO, per kWh. M-2.a-I

0.20 x 0.353
0.20 x 0.903

= 0.071 gPM10 per kWh.M-2.a,l
= 0.181 gNOxper kWh.nr2.a-1

0.20 x 0.581

= 0.116 gCO per kWh.M-2.a-'

0.20 x 0.110
0.20 x 1.350

= 0.022 gVOC per kWh. nr2. a-1
= 0.270 gCH, per kWh. M-2.a-I

0.20 x 0.02997

= 0.006 gN20 per kWh. M-2.a-1

0.80 x 0.008

= 0.006 g302 per kWh. M-2.a-I

0.80 x 0.004

= 0.003 gPM10 per kWh.M-2.a-1
= 0.298 gNOx per kWh.M-2.a-I

0.80 x 0.011
0.80 x 0.036
0.80 x 0.448
0.80 x 0.0004

for these

as follows:

0.20 x 3.167

0.80 x 0.372

per

= 0.009 gCO per kWh.M-2.a-'
= 0.029 gVOC per kWh.nr2.a-I
= 0.358 gCH, per kWh.M-2.a-I
= 0.0003 gN20 per kM. M-2.a-1

= 0.639 gSO, per kWh.m,2 a-I
2.
= 0.074 gPM10 per kWh.M, a-'
= 0.479 gNOx per

kWh.

M, 2.

a-'

= 0.125 gCO per kWh. M-2a-'
= 0.051 gVOC per kWh. m,2 a*l
= 0.628 gCH4 per kWh. m,2 a"I
= 0.006 gN20 per kWh. M'2 a-I

= 2.002 g pollution per kWh.M-2 a,i
Comparing the above values for the emissions from gas and electricity demonstrates the
point that different fuel types create different levels of pollution. These are summarised in
the table below :4
3 Please refer to Annexe6.22.
4 These values are based on values taken from NETCEN National Atmospheric Emissions Inventory,
and are adjusted to take account of upstream combustion factors, and the ratios of primary to

M
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Fuel

Pollutant (g. kWh-' delivered)
S02

PM10

NOx

CO

VOC

CH,

N20

Total

Coal

2.885

0.319

0.598

0.525

0.066

0.952

0.027

5.372

Electricity

3.167

0.353

0.903

0.581

0.110

1.350

0.030

6.494

Fuel oil

4.200

0.103

0.767

0.073

0.285

0.092

0.002

5.522

Gas

0.008

0.004

0.372

0.011

0.036

0.448

0.0004

0.879

Pollutantemissionsin terms of deliveredenergy for different fuel types

Of course, if the electricitythat is consumed by the dwelling is generated from natural, nonpolluting, renewable sources, such as wind and solar power, then the pollution will be zero.
This can be a value determined in terms of net consumption, for though pollution will be
created whilst mains electricity is consumed, when an excess of energy is being put back
into the grid, pollution creation elsewherewill be abated. Therefore, the net pollutionwill be
zero.
This issue becomes increasingly important as the energy consumption of the dwelling is
reduced, because when the space and water heating component is cut significantly, the
relative proportion of consumption by other sources increases. These other sources are
frequently ones that consume electricity, such as lighting and appliances.

For example, it

can be seen that for the 'typical dwelling' the consumption of gas and electricity might be
156 kWh. M,2 aý'and 38 kWh.M-2a-' respectively, a ratio of 0.8: 0.2. From the benchmark
5
analysis for the Energy Consumption: Inhabitationcriterion, it can be seen that the energy
consumption of the'urban house in paradise might be 15 kWh.M-2a" gas and 10 kWh M-2.a7

'electricity, a ratio of 0.6:0.4. Therefore,the emission of pollutionper kilowatt-hourwould be
higher in the 'urban house in paradise', due to the higher value of electricity consumption in
the ratio of fuel types."
The benchmark of this criterion for the 'urban house in paradise' is to be informed by the
benchmarksof Energy Consumption:Inhabitationand Energy Generation: Inhabitation. The
benchmark will not be set so high as to demand that 100 percent of the energy of the
delivered energy efficiency. In: Howard,Nigel, Suzy Edwardsand Jane Anderson, BRE Methodology
for EnvironmentalProfiles of ConstructionMaterials,Componentsand Buildings, London:Construction
Research CommunicationsLimited,1999.
5 Please refer to Annexe 6.15.
6 This is if all of the electricityconsumedby the 'urban house in paradise' is taken from the grid supply.
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dwelling is generated from non-polluting renewable sources, which would be 0.000 g
pollution.kWh-'.a-, to allow a degree of variability in the specification of fuel sources. The
benchmark for energy generation will be sufficient to encourage renewable sources. The
value will be based on the assumption that a proportion, 50 percent, of the energy will be
derived from renewable sources. The remainder will be derived from a pollution value on a
mixture of sources to allow a degree of choice in determining which fuels a dwelling should
be powered by. This mixture will based on a value of 40 percent gas and 10 percent
electricity,as it is the electricitydemands that renewablesources are most likely to replace.
As the Passive Haus in Darmstadtwas used as the European comparativedwelling in the
Energy Consumption: Inhabitation benchmark, it will be used here also, as the pollution
emissions benchmark is a complimentarycheck to the benchmark of Energy Consumption:
Inhabitation. The overall energy consumption was 32 kWh.M-2.a7', from 15 kWh.M,2.a-' of
gas and 17 kWh.M-2a-' of electricity. Therefore the proportion of each fuel type of the
energy consumption per kWh can be establishedas 0.47 gas and 0.53 electricity. The table
of emissions above can be used to determine the total pollution emissions from this
consumption. This is summarisedbelow.
Electricfty:

0.53 x 3.167
0.53 x 0.353
0.53 x 0.903

Gas:

= 1.679 gSO, per kWh.M-2.a-1
= 0.187 gPM10 per kWh.M-2.a-I

0.53 x 0.581

= 0.479 gNO, per kWh.M-2.a-I
= 0.308 gCO per kWh.M-2.a-I

0.53 x 0.110

= 0.058 gVOC per kWh. M-2.a-'

0.53 x 1.350

= 0.716 gCH, per kWh. M-2.a-'

0.53 x 0.02997

= 0.0016 gN20 per kWh. M-2.a-I

0.47 x 0.008

= 0.004 9SO2 per kWh. M-2.a-1

0.47 x 0.004

= 0,002 gPM10 per kWh. M-2.a-'

0.47 x 0.372

= 0.175 gNO, per kWh. M-2.a-1

0.47 x 0.011

= 0.005 gCO per kWh. M-2.a-'

0.47 x 0.036
0.47 x 0.448

= 0.017 gVOC per kWh. M-2.a-'
= 0.211 gCH4 per kM. m-2.a-I

0.47 x 0.0004

= OM02 gN20 per kWh. M-2.a-1

= 1.683 9SO2 per kWh. m'2 a'l
= 0.189 gPM10 per kWh M-2a-'
= 0.654 gNOx per kWh. M-2.a7l
= 0.313 gCO per kWh M-2a-'

M
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= 0.075 gVOC per kWh.M-2.a-'
= 0.927 gCH4per kWh.m". a-'
2

= 0.002 gN20per kWh.M- .a'
= 3.843 g pollution per kWh M-2a-'

The same process was also carried out for Drawn Study 5, on the basis of 35 kWh M-2 a"
.
electricity consumption, as all sources of consumption are assumed to be electricity. The
benchmark was determined as 6.494 g pollution per kWh.M-2 a". That two dwellings with
very low energy consumption were above that of the 'typical' baseline benchmark above
emphasisesthe challenge in achievingthe benchmark.

Methodology of Assessment
The assessmentwill be based on the values of design energy consumption as predicted by
the Energy Consumption:Inhabitation benchmark. This will be broken down into a ratio by
fuel type, in terms of the ration per kilowatt-hour of the total energy consumption. The
standard values in that table above can then be usedto determinethe level of emissions; an
account will have to be made of the efficiency of the fuel consumption, as these values are
based on the emissions per kilowatt-hourof energy as delivered. This will then account for
the relative efficiencies of the appliances specified within the dwelling. A gross value will be
determined on the basis of assuming that electricity consumption is provided by mains
sources. This will providea scenario for when no renewableenergy is being generated
A net benchmark, in terms of the balance between energy consumption and generation,can
then be determined, by deductingthe value of pollution emissions that are saved by the use
of renewableenergy from the gross benchmark.

Conclusion
The benchmark of pollution arising per kilowatt-hourfrom the energy consumed during the
period of inhabitation of the 'urban house in paradise' is given below, and shown in
comparison with the 'typical' dwelling, a drawn study and a European comparative in the
table overleaf.

M
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Pollutant(g.kWh' delivered)
N20

so,

PM10

NO,

CO

VOC

CH,

'Typical'

0.639

0.074

0.479

0.125

0.051

0.628

0.006

2.002

Passiv Haus

1.683

0.189

0.654

0.313

0.075

0.927

0.002

3.843

DS5

3.167

0.353

0.903

0.581

0.110

1.350

0.030

6.494

'u h in W

0.320

0.038

0.240

0.063

0.026

0.314

0.003

1.004

Total

Pollutantemissions: Energy Consumptioninhabitationbenchmarkfor the 'urban house in paradise'

M
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3.24 Procurement

Strategy

Procurementcan be defined as:
"... a strategy to satisfy the client's development and/or operational needs with
respect to the provisionof constructed facilitiesfor adiscrete life-cycle."'
The best strategy or process by which a client can obtain the dwelling in its built form will
define the procurement benchmarkfor the 'urban house in paradise'. Providing benchmarks
of the design is not always sufficient to ensure the realisationof these standards in the
constructed dwelling. For example, the airtightness target is achieved through both design
detailing and high quality of construction, requiring communication between the designer
and contractor of the principles involved and their significance in the overall performanceof
the dwelling. What this shows is that creating the desired performance standards in the
constructed dwelling will require the right communication between the designer and the
contractor, of the technical principles involved, and of the construction implications of the
benchmarks. This is a two way communication that will be best commenced as early as
possible in the process, so that construction issues canbe fed back into the design process.
Significant drives have been put forward in the recent past to improve the relationship and
communication between the parties involved in the design and realisation of construction
projects. This could be said to have been initiated by the Latham Report in 1994,2 and
subsequently with the work of the Reading Construction Forum, published in the Seven
pillars of Partnering in April 1998,3 and the Construction Task Force report, Rethinking
Construction published in July 1998,4 and subsequently by the work of Movement for
Innovationand Construction Best PracticeProgramme.
The so-called'traditional'procurementroute, typicallyused by the national house builders to
procure subcontractors, is competitive fixed price tendering and lump sum contract. This
suffers the disadvantage of separating the fields of the design and construction, with a
potentially adversarialconnection between the parties involved, and thereby reduces the
potential for the transfer of knowledge between the relevant parties, as well as any
transparency. Probably the only advantage of this route, in terms of the benchmarks
proposed, is that there is an in-built incentive for the contractor to manage the work
Professor Colin H. Davidson (ed. ), Procurement - ne Klay Forward, IF Research Corporation, 1998,
79.
Constructing the Team: Joint Review Of Procurement and Contractual
Latham, Michael.
Kingdom Construction Industry: Final Report, London: HMSO, 1994.
the
United
Arrangements in
'The Reading Construction Forum. The Seven Pillars of Partnering, London: HMSO, April 1998.
'The Construction Task Force. Rethinking Construction, London: HMSO, July 1998.
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effectively and to complete the work as quickly as possible, so as to ma)dmise profit.
However, this could be at the detriment of other benchmarks, such as air tightness and
thermal performance, where emphasising the rate of construction may lead to poorer
standardsof construction.
Furthermore, in traditional procurement the potential benefits gained through time and
production cost savings, inherent to the Construction Task Forces' aspirations, are lost to
the client and only the contractor gains. This maybe particularlyrelevant on repetitive jobs,
through a learning curve reducing time further, and is therefore more pertinent to the
Construction Task Force who seek to reap the benefits given by long term relationships
between clients, project teamsand suppliers, and sharethese benefits within the team.
In Rethinking Construction principles are put forward for alternativeprocurement strategies
as opposed to competitive tendering, to produce best value and innovation in the
construction industry, and with specific reference to housing-5 The principal criticisms of
competitive tendering by the Construction Task Force are of its focus towards lowest initial
price, and its lack of ability to differentiate between lowest price and best value; also, they
perceive competitive tendering as conducive to the fragmentation and adversarialnature of
the United Kingdom construction industry.
The Millennium Community competitions are one vehicle that intended to foster more
integrated team approaches,so-called'joined-up thinking,' to innovative high quality design
and construction in housing and mixed function projects, and intended to create increased
transparency between the parties throughout the evolution of the project. This was
procured through consortium submissions to design-led competitions; it was a specific
demand that consortia submitting for the Allerton Bywater Millennium Community
competition include a national house builder from the outset, in an attempt to evolve a team
approach.
Included within Rethinking Construction is the proposed introduction of performance
measurementagainst cleartargets for improvement, in particularin terms of quality, time and
cost. It is benchmarking that provides the route to measuring projects against these, and
other, targets. The Stage Two Development Brief for the Allerton Bywatercompetition used
benchmarksin defining performancestandardsof the dwellings that were to be proposed by
the consortia. These included 50 percent reduction in energy consumption, 50 percent
reduction in household waste, 30 percent reduction in construction cost, 25 percent
'Ibid.
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reduction in construction time, and zero defects at handover-8 The key benchmarks that
were then proposed by the winning consortium, the Aire Regeneration Partnership, over
and above those demanded by English partnerships, such as the construction cost
benchmark,were built in the Headsof Terms Agreement,to ensure their delivery.
The Greenwich MillenniumVillage, the first of the MillenniumCommunity competitions won
in February 1998 by a consortium led by developers Countryside Properties and Taylor
Woodrow with the Swedish based architect Ralph Erskine accompanied by the British
practiceHTA Architects, was alsointended asamodel of the procurement of innovative new
urban housing design and construction. During its initialdevelopment the Greenwich team
displayed the signs of an integrated approach, including membersof the contractor's team
7 The procurement route envisaged was an early
based in the offices of HTA ArchiteCtS.
phase of Construction Management; when 80 per cent of the value is let, it would be
translated to a Design and Build contract. More design was to be done by specialist
suppliers, therefore subcontractor packages in the Construction Management period are
Design and Build subpackages, therefore have to be open in terms of basic design. 8
However, eighteen months after the announcement of the winning consortium it had
ceased to be a model of the integrated team working in a non-adversarialclimate, as
espoused by Latham and the Construction Task Force, with the termination of HTA's
appointment by the development team, and the intentions of HTA to take out, "... a very
substantial legal action... " againstthe consortium.'
The disintegration of the consortiumat Greenwich was, according to HTA Architects, due to
the fatalcompromisingof the innovationof the original design which led to a project that bore
no resemblance to the original. This, they claim,arose as a result of lack of co-ordination
between the consortium's members.'O A report by the Tavistock Institute four months
before has saidof the project,
Such a lack of understanding and implementation of management process, if
allowed to continue, would be a prime indicator of impending disaster. Something
needs to be done. "

" English Partnerships. Wlennium Communities Competition - Allerton Bywater Stage TW
DevelopmentBrief, 1998.
' From interview with Richard Hodgkinsonof Taylor ftodrow, at the offices of HTAArchitects on 12
October 1998.
op.

Cit,

Slavid, Ruth. 'Developer Sacks HTAin MillenniumVillage Chaos,' The Architects Journal, 1 July
1999.
Architects in HousingWebsite, 11 July 1999:www.aih.org.uk
Slavid, Ruth. 'RIBA: Erskine ShouldResignToo,' TheArchitects Journal, 8July 1999.
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This serves to emphasisethe importance of not just creating a consortium, but creating the
right structure and communicationwithinthat consortium.
The lack of understanding by some membersof the team has also caused problems in the
procurement of Allerton Bywater. The design team was under constant pressure from the
house builders to revisethe masterplanin a mannerthat would be detrimental to some of its
fundamental principles, to the extent that the design team repeatedly felt forced to consider
their future in the project. Whilst negative opinion can be as much assistance to the
evolution of aproject aspositive, it is considered that the house builders have provided only
one beneficial contribution to the project's evolution, which was to encourage a further
diversity of dwelling types, from twelve to thirty. The reasonfor this was based purely on the
desire to widen the potential markettargets, so as to increasethe potential sales.
An advantage of the development brief based consortium competition is that they can be
used to also procure excellence in design quality, as well as performance standards.
However, as noted in the Urban Task Force report, whilst competitions are becoming
increasingly used for high profile projects, there is still some way to go to transform the
culture of the development industry, particularlythe volume housing sector.12 The Task
Force also observed the way that in other European countries competitions are used as a
mechanismto test innovative urban design approaches.
They will, of course, be acost and time implicationin the use of competition. The Urban Task
Force emphasisesthe need to allow sufficient time for the development of an appropriate
and rigorous brief that communicatesexplicitly the aims and objectives, and for competitors
to develop solutions; this could vary from three to twelve months. The importance of
composing an appropriatecaliber of assessmentpanel to both draw a high level of entry from
participants, and to guarantee the selection of a high quality solution, is also emphasised.
An approximate value for the cost of the competition process is proposed as up to haft a
percent of the total build costs. This could add to both the time and cost benchmarksof the
'urban house in paradise'.
A potential disadvantage of the consortium approach is that, whilst it may contribute to a
higher quality of design and innovation, it mayalso leadto a loss of cost control compared to
other procurement routes. Becausethe team is constructed at a very early stage, to ensure
that all parties can participatein the development of the design, the opportunity for cost12UrbanTask Force. Tomrds an UrbanRenaissance- Final Report of the Urban Task Force, London:
E&FN Spon, 1999.
13Professor ColinH. Davidsonled). Op. Cit., p. 17.
procurement
strategy-5.2.01

based competition is lost. This aspect was overcome at the Allerton Bywater project by the
inclusion of amaximumbuild cost benchmark in the Termsof Agreement, refer to Lifecycle
Cost, Annexe 3.19.
In March2000, approximatelyone year after the competition was one, English Partnerships
felt forced to wrest control of the Allerton Bywaterproject back from the house builders and
to assume control of the project. This resulted in a significantreduction in the role of the
house builders in the project. Rather than being responsible for delivering the whole
project, the house builders would only deliver the housing component, with the mixed-use
elements, a central part of the project, being procured independently through English
Partnerships.This was a majorturn around from the originalbrief. Aire Design, the architects
of the competition entry, were then employed directly by English Partnerships to oversee
the delivery of the masterplanand its original aspirations,and by the house builders over the
delivery, in part, of the housing. Executive architects were employed to assist in delivering
the housing.
The essence of procurement is essentially the apportioning of risk. Since Corbusier drew
the comparison between the automotive industry and architecture, notably in Vers une
Architecture first published in 1923, the similarityand difference of these two fields has
frequently been cited. Perhaps in terms of the 'urban house in paradise' the comparison
should be made with a Formula One racing team. Formula One demands a holistic team
contribution at the highest standardof performanceand innovation. Perhaps the important
point to drawis that each memberof the FormulaOne team is working toward a shared goal,
and not the maximum profit for their particularsection of the team, with the whole team
accepting the responsibilityof riskequally.
To innovate successfully, it is often necessary to adjust the context of a procurement
strategy. Ezra D. Ehrenkrantz, of the New Jersey Institute of Technology in Newark,
America, in a paper entitled Procurement and Innovation - Some Successful Strategies13
identified that the procurementof innovation was related to both the scale of the market and
the time availablefor innovation. If a procurement strategy is structured so that a significant
amount of time is availableat the early stages of the project, a large amount of researchand
development can take place; however, the market itself will have to be of sufficient scaleto
facilitate amortising that research and development. It is clear that innovation requires an
increased design period. Therefore the procurement strategy must be one that facilitates
this. Also, membersof the design and construction team working together from the earliest
possible stages can best achieve innovation; an example of this is the need to improvethe
air-tightness of the dwelling, which can have significant benefits in reducing the energy
0
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consumed in the dwelling during inhabitation. As described above, the achievement of a
reduction in infiltration requiresboth a high standardof detailing by the designer and a high
standardof construction quality to execute that detailing, that would have to come from an
understanding of the principles and need for air-tightness. By workingwith acontractor at an
earlystage, the importanceof quality in achieving such a benchmark can be communicated,
but more importantly,the contractorcan either assist in providing input into the construction
techniques that maybest achievethe target, or become awarethat they may not be able to
work within such demands, and fall out to be replaced at an early stage. Rethinking
Constructionacknowledgesthat innovation requiresan increaseddesign period. Therefore
the procurement strategymust be one that facilitatesthis.
There will be benefit in creating a mechanismthat retains an 'interest' of the members of the
design and construction team in the post-completion performanceof the dwelling. This is
when it will be determined whether or not asignificant proportion of the benchmarks,such as
air-tightnessand energy consumption during inhabitation, have been achieved. Ideallythis
will in a manner that does not engender an adversarialclimate between those parties, and
does not, therefore, add significantcost increasesdue to a perceived increase in risk liability.
In theory, if members of the team are brought together earlier, they have an increased
opportunity to achieve the specified demands, and therefore reduce risk. Ideally the
opposite would be the case, where all members in the procurement process would share in
the profit of the project, and therefore create an incentive to innovate successfully.
The avocation of the increased development of a team approachto a project, or a series of
projects, through a process that utilises the full construction team in Rethinking
Construction14has a precedent in the contemporary management philosophy of Total
Quality Management(TQM):
seeks to control value creation through clearworking relationships between
... which
the various specialistswithin the value system."
In terms of a link between TQM and procurement, Kast and Rosenzweig's definition of
internalfield presents amodel that, as a way of improving communicationand transparency,
might epitomise the relationships envisaged by the Construction Task Force. This is
demonstrated in the diagramoverleaf.

' 4TheConstruction Task Force. Op. at., p. 21.
16Gerry Johnson and Kevan Scholes. Exploring Corporate Strategy, London: Prentice Hall, 1993, p.
134.
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Another point that can be gleaned from the experiences of the Millennium Community
Competitions is that one of the potential procurement routes through which to influence
innovation in construction would be through the use of performance specifications. These
can be used to specify the performancerequired within a project." The increasing scope of
benchmark performance indicatorscould be expanded and be built into the procurement
strategy. Recognising that the construction process begins at the briefing stage, innovation
can be initiated by, or defined with, the client, defining the performancethat is required.
Benchmarking performancecould also be part of a regulatory drive, as a consequence of
Government initiativesto achieve its reduction targets for carbon dioxide emissions, placing
more stringent demands on energy consumption by new and refurbished dwellings,
therefore placing an onus upon the whole team.
In order to address the need for change promoted by the benchmarked criteria of the 'urban
'a Kast, F. and J. Rosenzweig. Organisation& Management,London. McGraw-Hill,1985,p. 402.
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house in paradise',accent on costs being the sole arbiter of decision making needs to give
wayto value being placed on a wider agenda of items. The procurement strategy needs to
be adopted that orientates focus away from solely cost, and toward best value for the
consumer, in ahsenses of the term. The representationof the 'urban house in paradise' as a
matrixof criteria can be utilised in its procurement as a performance specification, to define
what is expected of its standard of performance for each of the criteria when built. The
contract should be structured so that all parties share benefit in achieving the benchmarks,
and liability in not doing so. The performance specification can be used throughout the
procurement process, from briefing and design stages and through construction to establish
where innovation should occur

Methodology of Assessment
The criterionof the procurement strategy that might be used to realise the 'urban house in
paradise' is more of a recommendation, as opposed to a quantifiable, measurable
benchmark. The title of the thesis 'Procuring the Urban House in Paradise' is intended to
demonstrate that the thesis, eyisting in part as the matrix of benchmarked criteria and the
methodology for adesign team to assessdwellings against those criteria, is in itself a part of
the way in which the 'urban house in paradise'canbe realised,or procured.
Therefore compliance,if that isconsidered appropriate,can be established as to whether or
not the proposed system,of performancespecificationthrough the matrixof benchmarks,is
adopted or not.

Conclusions
Therefore, the comparativebenchmarksand the proposed benchmark level of the life span
of the'urban house in paradise'are as summarisedbelow:

Typical UKspeculative dwelling
Europeancomparative:
DrawnStudy: 3,4 and 5
The 'urban house In paradise'

ProcurementStrategy
Competitivetender; lump sum contract
Not applicable
Designcompetition, one-off contract
Performance specification
Procurementbenchmarkfor the 'urban house in paradise'

The Aqua Group. Tendersand Contractsfor Building, London:BSP ProfessionalBooks, 1990.
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3.25 Quality
of
Pollution

the

Internal

Environment:

Indoor

The'urban house in paradise'has been benchmarkedto be considerablymore airtight than
typical dwellings currently are in the United Kingdom. In dwellings with a very low air leakage
and strict ventilation rates the problems of indoor air pollution may be exacerbated.
Therefore, there is justifiable cause to propose more demanding standards than might
otherwise be considered sufficient in terms of high performancedwellings. Indoor pollution
is mostfrequently caused by emissionsfrom materialsused within the dwelling and polluted
air entering from outside.
For example, the Canadian Residential Energy Efficiency Database (CREED)also makes
recommendations on the air quality of the internal environment. The range and proposed
acceptable levelsof the pollutants within the Databasearesummarisedbelow:'
Nitrogen dioxide (NO2). The acceptable short-range exposure range (ASTER) for
residential indoor air is <0.25 parts per million (ppm), or <480 microgrammesper
cubic metre, for one hour averageexposure.
Carbon monoxide (CO). The average indoor levels of CO varyfrom 0.5 to 5 ppm.
The ASTER, as recommended by Health Canada,for CO in indoor residential air is
<1 1 ppm for eight hour average concentration, or <25 ppm one hour average
concentration.
Formaldehydes. Health Canada proposes two levels of formaldehyde exposure:
Action and Target, Action is the level to be achieved immediately and Target as a
long-term objective. The values are Action - 0.10 ppm or 120 microgrammesper
cubic metre; Target- 0.05 ppm or 60 microgrammesper cubic metre. The Database
specificallystates that ureaformaldehyde foam insulation is not to be used.
Ozone. The acceptableASTER as recommended by HealthCanadain residential air
is <0.12 ppm, or <240 microgrammes per m3, both one-hour average
concentrations.
Radon. The principal source of radon is the soil surrounding the earth's crust.
Therefore airtightness of the basement and foundation construction is an important
consideration in excluding it. Some materials,such as phosphate slag in concrete
and gypsum board arepotential sources; the use of mechanicalventilation and heat
recovery (MHVR) is recommended to extract it. In terms of level, Health Canada
recommends that levels are as low as possible, as radon is a potential human
'Residential Energy Efficiency Databasewebsite, 21 July 1999:
www.its-canada.com/reed/iaq/no.htm
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carcinogen. Remedial action is taken when the average annual concentration in
normal living areasis greaterthan 800 Becquerels(Bq) per cubic metre.
Volatile organic compounds (VOCs). Over 400 VOCs have been identified in
dwellings, over 200 of which can be found in carpets. The principal sources are
synthetic and composite materialsused in construction, finishing and furnishing the
dwelling. The use of these materialsshould be limited, and the inclusion of MVHR
with 0.3 ac.h-Ito extractthe pollutants is recommended.
Carbon Dioxide (CO2). The acceptable long-term exposure range (ALTER), as
recommended by Health Canada of in indoor air is <3,500 ppm or < 6,300
milligrammesper cubic metre. The use of balanced MHVR for extraction of the
pollutant is also recommended.
For the 'urban house in paradise'the problemassociatedwith these benchmark levels is that
the majorityhaveto be assessed post completion, and are therefore not suited to inclusion
in a matrixof design criteda, due to the difficulties in validating that the performance meets
the benchmark at the design stage. However the inclusion of balanced MVHR with a
sufficient rate of air change of at least 0.3 ac.W, as advocated by CREED, would at least
ensure that the build up of these pollutants is prevented. This should be achieved in the
'urban house in paradise', through the Indoor Quality of the Internal Environmental:
Ventilation benchmarkof 0.45 0.3 ac.h-1,refer to Annexe 3.27.
The Building ResearchEstablishment'sEnvironmentalStandard included a mandatorycredit
for 'hazardous materials',for which it covers four materials:formaldehyde emissions, wood
preservatives, asbestos and paintswith added lead,for the purpose of eliminating,
occasionalhealth riskswhich are not at present covered by regulations
... minor or
2
and to reduce the unnecessaryuse of wood preservatives...
Formaldehyde is emitted from many building materials, including particleboards, adhesives
and urea formaldehyde foam cavity wall insulation (UFFI); man-made timbers contain bonding
Whilst there are figures in existence for the levels of
formaldehyde at which effects upon humans are detectable,3 and that the level of

agents that release formaldehyde.

2 Prior, Josephine. J., Paul B. Bartlett. Environmental Standard - Homes for a Greener World,
Garston: Building ResearchEstablishment, 1995,p. 19.
The EnvironmentalStandard summarisesthese as follows:
The WorldHealthOrganisation reports the threshold of irritation of airborne formaldehydeto
be 0.1 Mg.m3 and that symptoms of irritation of the eye and throat occur at levels between
0.3 and 0.1 mg.m-' in healthy subjects. The odour detection threshold of formaldehyde is
0.06 Mg.M-3. The International Agency has classified formaldehyde as possibly causing
cancer in humanbeings for Researchon Cancer (IARC) but the evidence is not sufficient to
enable the risk of cancer to be estimated.
0
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formaldehyde in the airwill be dependent upon two factors:the rateof emission and the rate
of fresh airventilation, because the emission ratecannot be predicted at the design stage, it
is impossibleto benchmark a minimumformaldehyde level through a benchmark ventilation
rate."
To overcome this, the Environmental Standard set down that should UFFI, particleboard or
medium density fibreboard (MDF)be specified, then they should conform to the relevant
British Standard;BS 8208, BS 5617 and BS 5618 in the case of UFFI, BS 5669 in the case
of particleboard, and BS 1142 in the case of MDF These standards limit the permissible
levels of the free formaldehyde content for UFFI, and the permissible levels of extractable
formaldehyde content for man-madetimbers, and the methods of workmanshiprequired of
workingwith these materials.5
In terms of interior fixtures and fittings the Handbook of Sustainable Building Materials,
based on the Dutch Environmental Preference Method, provides three alternatives for
materialsto be used, the first being the most preferred and the third the least, and also
materialsthat are not recommended; all based on the environmental impact associated with
those materials.' The EPM rates the use of chipboard and fibreboard for kitchen units as
only its third preference, because of the pollution and formaldehyde emissions inherent to
the bonding materials. For worksurfaces, chipboard with melamine facing is not
recommended due to the pollution arising from the content of a large amount of bonding
materials.
Whilst BS 5669 sets a maximum standard for the acceptable level of extractable
formaldehyde content from particleboardsof 25 mg per 100 9 of board, a Germanstandard
7

sets an even lower acceptableformaldehyde content, of 10 mg per 1Oogof board. There
are particleboards availablethat release no formaldehyde content from the bonding agents
(<2 mg.m-3).
In terms of asbestos and paints with added lead,the EnvironmentalStandard demanded that
the materialsspecification show the absence of these materials. In view of the health risks
associated with formaldehyde emissions, and the low recommendations made by the
4

Ibid.
'The BritishStandardsInstitute. BS5617:1985- Urea-formaldehyde
(UF)foamsystemssuitablefor
thermalinsulationof cavity wallsArithmasonryor concreteinnerand outer leaves;BS 1142:1989 Fibrebuildingboards;andBS 5669:Part2: 1989- Particleboard.
" Anink, David,ChielBoonstraand JohnMak. Handbookof SustainableBuildingftlefials, London:
Limited,1996.
James& James(SciencePublishers)
Prior,Josephine.J., PaulB. Bartlett.Op.Cit.
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EnvironmentalPreference Method for manmadeboards,both because of the formaldehyde
emissions and the pollution associated with the production of the bonding agents, it is
proposed that the benchmark for formaldehyde emissions will also demand the absence of
materials associated with the emission of formaldehyde, i.e. manmade timber, and urea
formaldehyde foam insulation, which has precedent in the Residential Energy Efficiency
Database.
In respect of wood preservatives the Environmental Standard demanded that no use is
made of treated timber except where recommended by the relevant codes and standards,
and that all preserved timber is industrially pretreated for finishing on site. The latter of these
requirements means that treatment is conducted under controlled and supervised
conditions, which ensures a standard of quality that are not always obtained on site, but also
reduces the potential for solvent emission from treated timber into the building following

completion.8
An alternative to using preservative treated timber is to specify species of wood with
sufficient natural durability; however, there may be additional cost, engineering
consequences and supply implicationswith some types.9 Also, few of the species that have
are European, with the exception of robinia (acacia),
sufficient durabilityclass ratings(Iand 11)
Spanish chestnut and oak, and therefore, even it a sustainable source is specified, there will
be a significant impact on the embodied energy in the material.10 However, the

'Ibid.
' Ibid.
'oAnink, David, ChielBoonstraand John Mak. Op. Cit.
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Environmental Preference Method statesthat, with careful specification and maintenance to
control the moisture content, timber from DurabilityClass IIIcan be used, which include deal,
larch,cherry and Douglas Firwhich have European sources.
An empiricalstudy was made of a dwelling built to current standards by a national house
builder, and was found to contain materials identified as unacceptable in the benchmark
below. Itwas a specific intention in the design of DrawnStudy 4, the Aire 8100 dwelling for
Allerton Bywater,to create a dwellingthat benefited the health of the inhabitants. Therefore
it was designed so that materialswith low toxicity potential would be used throughout the
interior. The researchhas not been ableto ascertainacomparativedwelling for this criterion,
other than the standards proposed above which is therefore used.
For the benchmarkof Qualityof the InternalEnvironment: Indoor Pollution to innovate upon
best practice, taken as that of the Environmental Standard, it is proposed that the 'urban
house in paradise'will not use the following materialsthroughout the interior of the dwelling:
medium density fibreboard (MDF), particleboard, chipboard, formaldehyde, lead based
paints, preservativetreated timber and urea-formaldehyde foam insulation. The benchmark
of ventilation will propose a standardthat is in advanceof the requirement of CREED.

Methodology of Assessment
As the benchmark is based upon the exclusion of the use of certain material,ratherthan a
permissible level of pollutants,the assessmentwill be based upon the following question. 'is
the interior of the dwelling free from the use of the following materials: medium density
fibreboard (MDF),particleboard, chipboard, formaldehyde, lead based paints, preservative
treated timber and urea-formaldehyde foam insulation?' Compliancewith the benchmark will
require the answer is'Yes'.

Conclusion
Therefore, the proposed benchmarkfor the criterion of Quality of the InternalEnvironment:
Indoor Pollution, seen in the context of the other comparative benchmarks of the typical
speculative dwelling, best practice comparativeand Drawn Study Five, is proposed in the
table overleaf:

qualityof the interned
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Indoor Pollution

Typical UKspeculative dwelling
Europeancomparative:CREED

No

DrawnStudy: 5

Yes

The 'urban house in paradise'

Yes

No

Quality of the Internal Environment:Indoor Pollutionbenchmarkfor the 'urban house In paradise'

qualityof the internalenvironment:indoorpollution-5.2-01:0

3.26 Quality of the Internal Environment: Daylight
The provision of daylight in a dwelling is, of course, a necessity. However,providing levels of
daylight that are above typical or minimum standardscan have significant benefits, both in
terms of sustainabilityand desire, as people tend to prefer an environment illuminated by
daylight to an artificiallyilluminatedone.
In terms of sustainability, the benefits can be twofold. Firstly, the increased provision of
daylight can reduce the use of artificiallight, and therefore create direct savings in fossil fuel
consumption. Secondly, through the thoughtful increaseof window size, and consideration
of window location and orientation, more use can be made of passive solar gains to the
dwelling, and thereby reducing space heating demandand further fossil fuel use. However,
a balance needs to be struck. Even very high performance windows are not as thermally
efficient as the wallsor roof surfacein which they are located, thus increasingtheir area also
increases heat loss; therefore a balance needs to be established between solargains and
thermal losses. Also, increasing the widow size can lead to excessive solar heat gains; this
can create problems of excessive heat, and therefore effect the comfort level of the internal
environment.
The Building Research Establishment'sEcoHomes recognises the value of daylight.' An
attempt is made to ma)ejmiseits use through awardingcredit for designing the kitchen and
habitable rooms to meet the daylight criteriaof BS 8206: Part 2. The average daylight factor
is a measureof the averageinterior illuminancecompared with the external horizontalglobal
illuminance, under overcast conditions, and is quantified as a percentage; as a method of
measurement it has the advantage that it can easily be related to the area of the glazing.2
The standards set for the minimumaverage daylight factors in dwellings permissible under
the British Standard are: 1 percent in bedrooms, 1.5 percent in living rooms and 2 percent in
kitchens.'
The average daylight factor of a space can be determined at the design stage by the
following equation :4

I Rao, Susheel, Alan Yates, DeborahBrownhilland Nigel Howard. ECOHOmes
- The Environmental
Construction
Research
Communications
London:
Limited,
2000.
for
Homes,
Rating
2 Littlefair, P. J. 'Average DaylightFactor: A SimpleBasis for Daylight Design,' BRE Information Paper
/P 15188,BuildingResearchEstablishment, November1988,
3 British Standards Institute. BS 8206: Part 2: 1992 - Lighting for Building Codes of Practice for
Dayfighting,London: HMSO,1992.
41-ittlefair,P. J. Op. Cit.
M
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DF

(M. W. 0. T) / (A. (1- R/211

where, W= total glazed areaof windows
A =total areaof allroom surfaces(ceiling,floor, walls,windows)
R= area-weightedaveragereflectanceof the room surfaces
M= correctionfactor for dirt and glazing bars
T= glasstransmissionfactor
O= angleof visible sky
guide values for these variablesare:-'
R=0.5
M=1.0
for verticalglazing that can be easilycleaned
0.8 for inclined glazing
0.7 for horizontalglazing
T
0.7 for double glazing
0.6 for double glazing with low-emissivitycoating
0
65ofor verticalglazing
The values of the average daylight for the typical three bedroom semi-detached dwelling
built by a national house builder have been measured using this methodology in order to
determine abase standard. The outcome of the measurementsis as follows:
Living spaces:2.4 percent, kitchens: 1.5 percent, bedrooms: 1.6 percent.
This shows that, with the exception of the kitchen value, even the typical dwelling already
achieves the standards set by EcoHomes. Therefore, if the matrixseeks to improve upon
the standardsof daylight in dwellings produced by the current house building industry, the
benchmark will have to be set above that of BS 8206: Part 2, and, therefore, EcoHomes.
This is an important point, as it demonstrates that not all of the standards that might be
considered innovative are, in reality,pressing forward the standards of current practice. It is
therefore necessary to consider all of the benchmarksof the matrixof criteria against both
current practice and standards proposed as innovative by other sources, in order to
determine what innovation will, in truth, demand.
The DrawnStudies completed in the first phase of the thesis can provide some input into
what the potential standardsof the matrixbenchmarkcould be. In DrawnStudy 2- Glasgow:
The Scale of the IndividualDwelling,the mean averagedaylight factors have been calculated
as: Living spaces*8.4 percent, kitchens: 7.6 percent, bedroom: 7.6 percent. At the Allerton
Bywater Millennium Community competition, for DrawnStudy 4 the mean average daylight
factors for the dwelling types proposed have been calculated as summarised in the table

internalqualityof the environmental:
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below.
MeanAverage DaylightFactor (percent)
Dwelling

Living spaces

Kitchen

Bedroom

2 Bed equivalent

5.75

3.6

3 Bedequivalent

4.5

2.0

3.4

4 Bedequivalent

3.5

1.7

3.1

Total mean

4.6

1.9

3.4

AverageDaylightFactorsfor DrawnStudy Four

Here the value for the kitchen is, as for the typical dwelling of the national house builder,
below the standardof BS 8206: Part 2. In terms of makingthe best use of solar gain, there is
a logic in placing habitable roomstowardsthe south, so that these benefit the most form the
sun, and locating other spaces, such as kitchens and bathrooms,toward the north. if this
trend is to be followed, even acknowledging the increasing role for the kitchen as a
gathering space for the family,then benchmarkingthe kitchen daylight factor too high may
result in larger glazing areas facing north, which will not benefit from solar gain and will
contribute to increasedheat loss, for reasonsdescribed above. The issue of the function of
the space, and the implicationsthis mayhave, will be considered when proposing values for
the benchmarks.
A Huf Hausdwelling is used as a comparativeof best practice. This is built by a timber frame
dwelling built by a German company, which specifically intends to create well illuminated
internalspace through agenerosity of glazed surfaces. The outcome of the measurements
is as fo Ilows:
Living spaces: 4.0 percent, kitchens, 2.1 percent, bedrooms: 2.9 percent.
Standards of daylight for dwellings that are above that of BS 8206: Part 2, and therefore
EcoHomes, have been proposed. Lynes writes,
Experience indicatesthat if the averagedaylight factor exceeds about 5 percent the
interior will look cheerfully daylit. If the average daylight factor drops below 2
percent, natural lighting alone will seldom be satisfactoryand electric lighting is likely

5 Rao, Susheel, Alan Yates, Deborah Brownhill and Nigel Howard, op. Cit.
Lynes, J. A. 'Daylight and Energy', in Roaf, S. and M. Hancock (eds). Energy Efficient Building -A
Des4n Guide, Oxford: Blackwell Scientific Publications, 1992, p. 33.
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to be in constantuse.6
A daylight factor of 5 percent seems high for bedrooms, where the intrusion of daylight may
be undesirable. Therefore, the benchmark of the 'urban house in paradise' will be based
upon the values proposed by Lynes, but lowered to a value that has been developed
through other sources, such as the European comparativedwelling.

Methodology of Assessment
The assessmentof the benchmarkwill be based upon the standardequation for calculating
the averagedaylightfactor,
Daylightfactor (percent)=

(M. W. O. T)/ (A. (1- R

where, W =total glazed areaof windows
A= total areaof allroom surfaces (ceiling,floor, wa.11s,
windows)
R= area-weightedaveragereflectanceof the room surfaces
M= correction factor for dirt and glazing bars
T= glasstransmissionfactor
0 =angle of visible sky

Conclusions
Therefore, the proposed benchmarkfor the criterion of Quality of the Internal Environment:
Indoor Pollution, seen in the context of the other comparative benchmarks of the typical
speculative dwelling, best practice comparativeand Drawn Study Five, is proposed in the
table below:
MeanAverage Daylight Factor (percent)
Living spaces

Kitchen

Bedroom

Typical UKspeculative dwelling

2.4

1.5

1.6

Europeancomparative: Huf Haus
DrawnStudy: 4

4.0

2.1

2.9

4.6

1.9

3.4

5

5

3.5

The 'urban house In paradise'

Ecologicalvalue benchmarkfor the 'urban house in paradise'
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3.27 Ouality of the Internal Environment:
Air Tightness

Ventilation

and

When I first took up my abode in the woods, my house was not yet finished for the
winter, but was merely a defense against the rain... The winds which passed over
my dwelling were such as sweep over the ridges of mountains,
torever blows, the poem of creation is uninterrupted.

The morning wind

This frame, so slightly clad, was a sort of crystallisationaround me,

I did not need
...
to go out doors to take the air, for the atmosphere within had lost none of its
freshness.'
This quote by Thoreau, regarding his dwelling at Walden, epitomises the desirable contact
between the interior of the dwelling and the environment that surrounds it. It is estimated
that in developed countries, people spend on average85 percent of their time indoors,2 yet
only relatively recently has attention begun to be paid to the air quality of the indoor
environment and indoor pollution.
The quality of the internal environment of the dwelling will be affected both from within the
dwelling, from pollutants emitted from building materials, and from the outside, as fresh or
polluted air admitted through leakage or ventilation. The latter is, of course, particularly
relevant in the context of the urban environment, where maintaining a high quality internal air
quality maybe at odds with connecting with the external environment. Research conducted
in the United States of America has demonstrated a clear relationship between outdoor
pollution levels and mortality rate. It concluded that, "fine-particle air pollution. or a more
complex pollution mixture associated with fine particulate matter, contributes

to excess
mortality in certain U.S. cities".3 This effect has also been proven for London.4 Whilst a

range of pollutants demonstrate a relationship between mortality and pollution level, it is
particularlydistinct for fine particulate matter; these arise primarily from the combustion of
fossil fuels in transport, manufacturingand power generation.'

'Thoreau, Henry David. Walden,London: EverymansLibrary, 1974,p. 73.
2Wellburn, Alan. Air Pollutionand 0imate Change:7he BiologicalIn7pact,London: Longman Scientific
& Technical, 1994.
3 Dockery, Douglas J. et al. 'An Association Between Air Pollution and Mortality in Six U.S. Cities,,
AfewEnglandJournal of Medicine,9 December1993,p. 1753.
4 Schwartz, J. and A. Marcus. 'Mortality and Air Pollution in London: A Time Series Analysis,'
Arwrican Journal Epidemiol,Volume131,1990.
6Dockery, DouglasJ. et al. Op. Cit.
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Air Tightness
The air tightness within and through a dwelling's fabric can significantly effect the energy
consumption of that dwelling. In BRECSU's General InformationReporl 39, a review of ten
examplesof ultra-low-energydwellings in the United Kingdom, one of the primarycauses of
poor energy performance of schemes within the United Kingdom was stated as
unexpectedly high air leakage through the building envelope. Therefore, one route to
improving energy performancewould be to reduce air leakage, creating an almost sealed
dwelling.
Structural infiltration is the uncontrolled passage of external air into a building through the
fabric of its envelope. Vale and Vale consider that all authorities on low energy dwellings
stress the importance of airtight construction;6heat loss through infiltration, can be one of
the largest factors contributing to heat loss from dwellingS.7 The airtightness of a dwelling,
reducing the structural infiltrationof the envelope, is achieved through high quality in the
design and construction of details. This would include consideration of, for example, the
inclusion of an air-barriermembrane, continuity of wet finishes internally such as ensuring
that wallplaster is brought right down to a floor screed, careful sealing of windows and doors
into walls,and sealson aJIopening elements.
In an urban environment, for a healthy dwelling, the need could be argued for filtered air, and
therefore for controlled ventilation; in addition, maintaining a healthy environment within a
highly insulated and sealed environment could also favour the use of controlled ventilation.
The use of mechanicalventilation to fulfill the above aims may appear to be at odds with low
energy dwellings, due to the energy consumption of the system. However, through
providing a relatively low controlled ventilation rate, the heat loss of space heat can be
reduced significantly when compared with other ventilation methods, in particular if heat
recovery is used in conjunction with the mechanicalventilation. With mechanicalventilation
and heat recovery (MVHR)units, energy is consumed to drive the fans. The electricity
consumption per unit of delivered fresh air can vary by a factor of three; in some cases, the
electricity consumption of the unit can offset a substantial proportion of the space heating
energy saved.'

11Vale, Brenda and Robert. The NewAutonomous House - Desýgnand Planning for Sustainability,
London:Thames & Hudson Limited,2000.
' Lowe, Robert and Malcolm Bell. Toyfflrds Sustainable Housing: Building Regulation for the 21st
Century, Leeds: Leeds Metropolitan University, 1998; and BRECSU. 'Review of Ultra-Low-Energy
Homes- Ten UK Profiles in Detail,' GeneralInformation Report39, London:HMSO,March1996.
a BRECSU. 'Reviewof Ultra-Low-EnergyHomes- Ten UK Profiles in Detail'.
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In the General InformationReport 38,9a review of 52 ultra-low-energydwellings both in the
United Kingdom and abroad, at least 63 percent of the dwellings had mechanicalventilation
with heat recovery. Of the ones that did not, at least 42 percent had passive stack
ventilation. Of the ten with the lowest quoted energy consumption, 80 percent had MVHR.
The two that did not also had mechanicalventilation, one exhaust only, but the report did not
specify whether or not heat recovery was included. Of the ten with the quoted lowest
energy consumption, the airleakage rates ranged between 0.17 and 0.5 ac.h-1at 50 Pa; the
dwellings with the highest quoted energy consumption figures in the same report, the air
leakage ranged between 1.47 and 11.9 ac.h-1at 50 Pa. In its conclusions, GIR 39 puts
forward valuesof a relativelyairtightdwelling by United Kingdom standards of 3 to 4 ac.W at
50 Pa, and for a very airtight dwelling, again by United Kingdom standards, as less than 1
ac.h-' at 50 Pa.
The comparable performancecharacteristicsof the zero C02, zero heating and autonomous
dwellings of GIR53 can be extended to include the airtightness requirementsto achieve the
standards proposed. The zero C02 dwellingwould demand an air tightness of 3 ac.h-' at 50
Pa, and for the zero heating and autonomous standarda level of 1 ac. W at 50 Pa would be
required, 'O In the case of the latter, with full mechanicalventilation and heat recovery of at
least 60 percent efficiency, with additional 8000 MM2trickle ventilators fitted to windows
would be required. "
in their report to the Joseph Rowntree Foundation, TowardsSustainable Housing: Building
Regulation for the 21st Century,12Robert Lowe and MaJoolmBell approximate that naturally
ventilated dwellings, the type of ventilation typical of most United Kingdom new build
dwellings, have an air leakagein the region of 10 to 15 ac.h"Iat 50 Pa. They state that,
total energy use declines monotonically with envelope air leakage in dwellings
...
with balanced mechanical ventilation, but reaches a minimum at a leakage
somewhere between 2 and 3 ac.h" at 50 Pa in dwellings fitted with continuous
mechanicalextract.13
Another source confirms that the approyjmateair tightness of the 'typical' dwelling built to

11BRECSU. 'Review of Ultra-Low-EnergyHomes -A Series of UK and Overseas Profiles,' General
Information Report38, London: HMSO,February1996.
" Evans, Paul of Building Research Establishment's Environmental Best Practice Division, at
Sustainability in Building Designconference, UniversityCollegeChester, 18 August 1999.
11 BRECSU. 'Building a Sustainable Future - Homes for an Autonomous Community,' General
Information ReportNumber53, HMSO,October 1998.
12Lowe, Robert and Malcolm Bell. TovmrdsSustainable Housing: Building Regulation for the 21st
Leeds: Leeds MetropolitanUniversity, 1998.
Century,
13
ibid., p. 26.
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current regulatory standardsis in the region of 15 ac.W at 50 Pa. This source also proposes
values of airtightness that would be required to achieve the zero C02, zero heating and
autonomous dwelling standardsof GIR53; they are 3,1 and 1 ac.W at 50 Pa respectively.14
Despite the poor standard of air tightness produced by the majority of national house
builders in the United Kingdom, some are attempting to improve the level of performance.
For example, the \Arimpey'Superspec'dwellings, aimedto demonstrate that energy efficient
measures improving upon those of the 1995 Building Regulations were practicable for
incorporation in a house builder's pattern book, achieved an air tightness of 4.8 to 6.64 and
8.77 ac.h"Iat 50 Pa.15
Lowe and Bell go on to propose that a limit on air leakage be included within revisions to the
Building Regulations in the United Kingdom, to be subject to Post completion test of
between 5and 10 percent of all new dwellings. Amaximum limit is suggested of 10 ac.h-, at
50 Pa in the year 2000, reduced to 3 ac.h-Iat 50 Pa in 2005.
Building regulation in Sweden already imposes stringent constraints on air tightness and
ventilation with heat recovery.'OTheSwedish standardfor air tightness in the current edition
of their building regulations is 0.8 Ls-2per M2for dwellings;'7for atypical three bedroom semidetached dwelling with afloor areaof 84 M2,this equates to an airtightness of 2.4 ac.h-' at 50
Pa.
As acriterion of the'urban house in paradise'airtightness also contemporaryrelevance. The
proposed revisions to the Building Regulations in England and Wales, due to come into
effect in 2001 contain air leakage targets. Under the new Regulations, Building Control
Officers will be able to require testing of buildings over 1,000 M2, although individual
dwellings as samples may also become subject to mandatory air tightness testing. " The
standard has been proposed at 10 M3.W. M-2Of the building envelope at 50 Pa, which is
considered to be twice current best practice; this may be progressively reduced to 5 M3 h1.M-2in 2002 and 3 M3h-I.m-2in2007.19For atypical semi-detached dwelling with a floor area

"I Evans, Paul of Building Research Establishment's Environmental Best Practice Division, at
Sustainability in BuildingDesignconference, University CollegeChester, 18 August 1999.
"I BRECSU. 'Applicationof Energy Efficient Pattern Book Housing', Good Practice Guide Case Study
306, London. Construction researchCommunicationsLimited,October 1996.
Lowe, Robertand MalcolmBell. Op. Cit.
SwedishBoard of Housing, Buildingand Planning. BuildingRegulationsBBR 94 - BFS 1993:57, with
ArnendmentsBFS 1995:17, BFS 1995.-65,Boverket, 1995.
'8 Bunn, Roderic. 'Pressure Tests and Energy Meters in Part L Revamp', Building Services Journal,
July 2000.
"I Department of the Environment,Transport and the Regions. The Building Act 1994 - Building
Regulations- Proposals for Amendingthe Energy Efficiency Provisions -A Consultation Paper Issued
by Building RegulationsDivision,London: HMSO,June 2000.
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can be approximated

of 84 M2,2Dthe total external envelope
this would

equate

to an air change

rate of 1,656.4

as 165.6 M2.2' At 10 M3 h-1.m,2
.
M3 11-1. The volume of the example
.

dwelling can be approximated

as 201.6 M2, which equates to an airtightness

ac. h-I at 50 Pa. The proposed

values for 2002 and 2007 would be 4.11 and 2.46 ac. h-' at 50

Pa respectively.

These are a significant improvement

the values proposed

value of 8.22

on current practice, and are in line with

by Lowe and Bell.

BREEAMINewHomes,a previous issue of the EcoHomes,contains a value for air tightness.
This is based either on the inclusionof set construction techniques to ensure airtightness of
the fabric, such as draught sealsbeing fitted to windows and doors, and the sealing of holes
in the airtight structurewhere servicesenter or leave the dwelling, or it acommitment is made
to post completion testing to a set standard. The post completion value required for
compliance is 7 ac. h-I at 50 Pa for mechanicalventilation, and 9 ac.h*l at 50 Pa for passive
stack ventilation; the basisfor these values comes from the Electricity Council's Medallion
2000 Award scheme, which calls for an air tightness level of 7 ac.h-I at 50 Pa. The BRE
Housing Design Handbookalso proposes values for the air tightness of new dwellings. As
one would expect, it is recommended is that the dwelling is as airtight as possible; a
maximummean background infiltrationrate of 0.2 ac.h" is proposed.22
Increasingthe level of air tightness, to reduce space heating losses, cannot be considered
in isolation from the ventilation of the dwelling, as ventilation is a necessity for a healthy
internal environment. Ifthe air leakage of new dwellings is to be significantly reduced, then
alternatives to the option of natural ventilation are likely to be needed, as this method
demands an air leakagein the region of 10 to 15 ac.h" at 50 Pa.
Like the built thermal performanceof the fabric, the air tightness of the dwelling when built
depends to agreat extent on the quality of construction, and is accuratelymeasurableonly
through post completion testing. Therefore, the importance of the relationship between
design and construction becomes even more pivotal to achieving the desired performance
standards in the completed dwelling, placing more emphasis and procuring the right
relationship between the concerned parties.
A table of the air tightness of the dwellings considered in GIR38 is shown overleaf. These
benchmarksas accompaniedwith the required performanceof the proposed regulations for
20This is derivedfrom the Space Standards: Area analysis.
21This is based on a footprint of 42 rn' with a length to VAdthratio of 21; the roof pitch is considered as
50 degrees and the ceiling height as 2.3 m.
22 BRE Housing Deson Handbook,Garston: Building ResearchEstablishment, 1987.
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England and Walesand the existing regulationfor Sweden. The typical value of a dwelling in
the United Kingdom is included as a control value.
Dwelling

Air Tightness (ac.h" at 50 Pa)
10 to 15

Typical UKdwelling
Proposedvalue in2001 Part L Regulations
Proposedvalue in2001 Part L Regulations

8.2

Proposedvalue in 2001 Part L Regulations

2.5

SwedishRegulation,SBN-80

2.4

Lower Watts House

3.6

Winslow,Milton Keynes

1.9

Lifestyle 2000, Milton Keynes

1.7

Two MileAsh, Milton Keynes

1.5

Duncan House, Canada

0.5

Solar House, Friberg

0.3

AutonomousHouse, Southwell

0.2

Passiv Haus, Darmstadt

0.2

House B, Hjortkaer

0.2

Zero Energy house, St Gallen

0.17

4.1

Regulatoryand comparativeair tightness performanceof selection of dwellingS23

in his analysisof low energy dwellings, Stephen Carpenter comparesthe air tightness of a
range of dwellings from around the world. This data can be used to provide examples of
European best practice. These are surnmarisedin the table overleaf.
The innovative dwellings built as apart of the Expo 2000 project in Hanover, the energy
consumption of which is considered in Energy Consumption: Inhabitation, refer to Annexe
3.16, provides a more contemporary comparativeof an urban dwelling project for 142 lowriseflats for 500 inhabitants. The modeling of the development established an estimated air
tightness standardof 0.4 ach.h-at 50 Pa.14This is added to the list of comparativesoverleaf.

23BRECSU. 'Review of Ultra-Low-EnergyHomes -A Series of UK and Overseas Profiles,' General
infortwtion Report36,
24Bellew, Patrick and Jochen Kauschmann.'Hanover Fare', Building Services Journal, August 2000.
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Air Tightness (ac. h ' at 50 Pa)

Dwelling
1EA5 Solar House, Finland

1.0

Low Energy House, Finland

1.5

Flair Homes Energy Demonstration, Canada

0.4 to 0.8

Innova House, Canada

1.03

Waterloo Region Green Home, Canada

0.8

Brampton Advanced House, Canada

0.9 to 1.35

CMHC Healthy House, Canada

2.0

Ingoistadt, Halmstead, Sweden

1.4

Tubberupvaenge 11,Denmark

1.5

Lotissement Solaire Aurore, France

0.3

Castricurn Autonomous Solar House, Holland

0.2

Pilot R-2000 Homes, Japan

0.2

OPTI MAR: The Energy Answer, USA

0.2

Expo 2000, Hanover

0.4

Comparativeair tightness performanceof selection of dwellingS26

As the air tightness of the dwelling is critically related to the energy consumed during
inhabitation,the benchmark of the European best practice comparativedwelling will be the
same as that used for the Energy Consumption: Inhabitation, so that comparability is
maintainedbetween these closely interrelatedcriteria;it is joint second lowest, and only 0.03
ac.h-'at 50 Pa above that of the lowest.
In terms of the Drawn Study benchmark, a value of the air tightness cannot be given, as no
dwelling have been built and therefore a pot completion test is impossible. However, a value
can be proposed on the basis of the target that is assumed will be achieved so that the
energy consumption target will be met. The air tightness benchmark aimed toward is 2.0
ac.h-' at 50 Pa.

Methodology of Assessment
Air tightness can only be assessed accurately by post completion testing, therefore the
proposed value will be a design benchmark for the architect and contractor to achieve
through high quality detailing and construction.
21Carpenter, Stephen. Learning from Experiences Mth Advanced Houses of the World, Sittard:
Centrefor the Analysis and Disseminationof DemonstratedEnergyTechnologies, 1995.
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Conclusion
Therefore, the proposed benchmarkfor the criterion of InternalQuality of the Environment:
Air Tightness, seen in the context of the other comparative benchmarks of the typical
speculative dwelling, Europeancomparativeand DrawnStudy Five, is proposed in the table
below:
Air Tightness (ac.h-' at 50 Pa)
Typical UKspeculative dwelling
Europeancomparative: Passiv Haus
DrawnStudy: 5

> 10to 15
0.2
2.0

The-'urban house in paradise'

0.17

Internal Quality of the Environment:Air Tightnessbenchmarkfor the 'urban house in paradise'
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Ventilation
There is a distinction between air tightness, which is a measure of the rate of air leakage
through the fabric of the dwelling, and the ventilation rate as provided by, for example,
mechanicalventilation with heat recovery or passive, natural ventilation; although air leakage
will be a part of the total ventilation of the dwelling. Within a relatively airtight dwelling, as
proposed by the 'urban house in paradise', in order to maintain a healthy internal
environment there is the need to ensure acycle of ventilation through the provision of fresh
air. The value of the rateof airchanges needs to create a balance between the replacement
of stale internal air with fresh external air, and heat loss incurred through the process of
removing warminternalair and replacing it with cooler external air. Even if heat exchangers
are utilised in a mechanicalsystem to preheat the incoming air with the extract, if these are
not 100 percent efficient heat loss willstill occur, and also they will consume energy through
their operation.
Like airtightness, heat loss through ventilation, can be one of the largestfactors contributing
to heat loss from dwellings' and therefore can have a significant influence on the energy
consumption of the dwelling.
Therefore, the benchmarkfor the rate of ventilation to the 'Urbanhouse in paradise' should
be sufficient to ensure the provision of a healthy internal environment, but not cause
unnecessary heat loss. The ventilation required in order to maintain a healthy internal
environment in atypical dwelling would be a whole house rate of 0.5 ac.hrl. This is the
baseline assumption in the SAP assessment method, based upon empirical evidence.21
The Genvex unit, acombined domestic hot water and mechanical ventilation system with
heat recovery unit determines the ventilation rate of the dwellings at Allerton Bywater; this
supplied pre warmedfresh filtered airatarateof 0.6ac. hr-1.
The BRE Housing Design Handbook also proposes a value for whole house ventilation rate
using MVHR. The proposed value is 0.5 to 1.0 ac.hr. This is also the standarddemanded
Vew Homes. In addition, it is recommended that the total air supply flow rate be
by BREEAMI?
set at 90 percent to 95 percent that of the extractrate. This is to depressurise the interior of
the dwelling slightly, thereby preventing the movement of moist air from the living spaces

16Vale, Brendaand Robert. Op. Cit.
27 Department of the Environment, Transport and the Regions. The Government's Standard
Assessment Procedure for Energy Rating of Dwellings, London: Construction Research
CommunicationsLimited,1998.
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into the structure, where there could be a risk of interstitial condensation. 28 Creating a
negative air pressure inside the dwelling will also have the effect of drawing cold external air
into the dwelling asdraughts; however, to agreat extent this should be overcome providing
that the dwelling is sufficiently airtight.

The CIBS Building Energy Code states that a mechanically ventilated building should
provide air at a rate of 5 litres per second per person;' this equates to 18 M3per hour per
person. The space standards analysisin the Space Standards: Volume benchmark gives a
value of 39.5 M3per person for a5 person typical three bedroom dwelling, therefore 197.5
M3in total. At the rate of demandof 5 litres per second per person, five people would require
go M3per hour; an air change rate for the typical dwelling of 0.46 ac.hr-1.30If the dwelling
were larger than this, which can be expected if the Space Standards benchmarks are
adopted, this value will be lower.
Marshalland Argue state of ventilation of Canadiandwellings that, "Most potential air-quality
problemsdisappear when the air change rate is 0.2 ac.hr-' and greater. However, humidity
control requires a rate of 0.3 ac.hrl or more."31This would suggest that the value of 0.46
determined above could be reduced to as low as 0.3 ac.hr'. However, one reason for this
lower value may be that dwellings in Canada are typically larger than their equivalent in the
United Kingdom.
in his analysisof low energy dwellings, Stephen Carpentercompares the ventilation rate of a
range of dwellings from around the world; a selection of these is shown in the table overleaf.
This data is used to establish the comparativedwelling of European best practice.

2813REHousing Desgn Handbook,Garston: Building ResearchEstablishment, 1987.
29Chartered Institution of Building Services. Building Energy Code: Part One, London: Chartered
Institution of Building Services, 1980.
30The calculation used here is adapted from one given in Vale, Brenda and Robert. The New
Autonomous House, London:Thames& Hudson,2000.
31Marshall B. and R. Argue. The Super-insulated Retrofit Book, Toronto: Renewable Energy in
Canada, 1981; in Vale, Brendaand Robert. Op. Cit.
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Ventilation (ac. h

Dwelling
lEA 5 Solar House, Finland

0.6

Low Energy House, Finland

0.5

Flair Homes Energy Demonstration, Canada

0.5

Innova House, Canada

0.37

Waterloo Region Green Home, Canada

0.35

Brampton Advanced House, Canada

0.23

CMHC Healthy House, Canada

0.25

Ingolstadt, Halmstead, Sweden

0.45

Tubberupvaenge 11,Denmark

0.45

Lotissement Solaire Aurore, France

0.6

Castricurn Autonomous Solar House, Holland

0.45

Pilot R-2000 Homes, Japan

0.45

OPTIMAR: The Energy Answer, USA

0.36

Comparativeventilation rate of selection of dwellingS32

On the basis that the volume of the dwelling given in the example for the GIBSE
recommendation is likely to be at least the volume of the 'urban house in paradise', as it is
based on the tight space standards of a national house builder, the benchmark for the
ventilation rate of mechanically ventilated dwellings will be 0.45 ac. hr-1. The SAP
assessment contains steps to evaluate the ventilation rate of a dwelling. 33 The methodology
contains aconstant value of the assumed minimum value of an acceptable ventilation rate; it
is proposed that should the ventilation, by mechanical or natural means, fall below this
threshold the inhabitantswill open windows to increase the air flow into the dwelling.34 This

constant is 0.5, and therefore closely comparable to that proposed for the 'urban house in
paradise'.

Methodology of Assessment
The Energy Consumption: Inhabitation benchmark is established using the SAP
assessment. As the benchmarkof ventilation rate will have a direct impact upon the energy
consumption, and the SAP assessmentcontains steps for the evaluation of the ventilation
32Carpenter, Stephen. Learning from Experiences with Advanced Houses of the World, Sittard:
Centrefor the Analysis and Disseminationof DemonstratedEnergy Technologies,1995.
33 Department of the Environment, Transport and the Regions. The Government's Standard
Assessment Procedure for Energy Rating of Dwellings.
34Personal communication with Dr Brian Anderson, BRECSU, Building Research Establishment, 7
August 2000.
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rate, it is concluded to use the relevant steps in the SAP methodology to calculate the
performanceagainst this benchmark. For mechanicalventilation the value could be clarified
by the volume of the dwellingdivided by the systemsventilation rate.
The energy lost through ventilation can also be determined using the benchmark of air
change rate, the volume of the dwelling, and the heat capacityof air.

Conclusion
Therefore,the proposedbenchmarkfor the criterionof InternalQualityof the Environment:
Air Tightness,seen in the context of the other comparativebenchmarksof the typical
andDrawnStudy Five,is proposedin the table
speculativedwelling,Europeancomparative
below:
Air Tightness (ac.h-' at 50 Pa)
Typical UKspeculative dwelling
Europeancomparative: Ingolstadt
DrawnStudy: 5

> 10 to 15
0.45
0.6

The 'urban house in paradise'

0.45

internal Quality of the Environment:Ventilation benchmarkfor the 'urban house in paradise'
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3.28 Reduction and Recycling of Construction

Waste

Wastearising from the construction and demolition industry amountsto 7 percent of the total
annual waste arising in the United Kingdom.' There is a proportion of the total waste from
construction sites that is unavoidable, sometimes referred to as the 'natural'waste. As it is
not technicallyfeasible to prevent all construction waste, it would be impossibleto propose
the ideological benchmark of reducing the incidence of waste to zero. However, studies
show that the amount of materialthat is wasted istypicallymuch higher than the level that the
construction industry assumesin its allowancesfor wastagein estimating.' A number of the
precedents and statisticsunder the criterionof Deconstruction and Demolition: Recycling of
Materialsis aJsorelevant to construction waste,although these will not be re-iteratedhere.3
The benchmark set for this criterion can be achieved both through the reduction of the
quantity of waste that occurs, and also through ensuring that any waste that does occur is
recycled wherever feasible. Achieving the benchmark reduction in terms of the occurrence
of wastewill be a site managementissue, and will include communicatingthe importance of
minimisingwaste to site personnel, contractor employees and sub contractor employees.
This will also be the case for ensuring that any waste that occurs is, as far as possible,
recycled; this will require the provision of suitable containers, and the communicationof the
purpose and importanceof using these receptacles.
Ina typical site, it is estimated that 10 percent of the materials delivered to site will become
waste. 4 The benchmark will be measured in terms of the reduction of this value; this could
be achieved in two ways, either through the reduction of its incidence, or through recycling
any waste that does arise, or a combination of the two. This value is substantiated by the
SustainableConstruction Unit of the Building ResearchEstablishment.5

The increaseduse of standardisationand prefabricationwill also help contribute to achieving
this benchmark. For example, the use of standard modules will reduce the wastage that
alises through off-cuts. Within a factory environment waste can be more effectively
controlled and minimised. The waste that occurs on site through poor storage of materials
can be controlled and eradicatedwithin a factory, as long as the correct measuresare in place
I Madden, Pauline. Sustainable Waste Management,unpublished BSC Construction Management
thesis, Liverpool John MooresUniversity, 1997.
2 Skoyles E. R.and John R. Skoyles. Waste Preventionon Site, London: Mitchell, 1987.
3 Refer to Deconstructionand Demolition:Recyclingof Materialscriterion, Annex 3.6.
4 Skoyles E. R.and John R. Skoyles. Op. Cit,
5 Personal communicationvAthJane Anderson,Consultantat the Centre for Sustainable Construction
of the Building ResearchEstablishment, 13January 2000.
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to ensure that prefabricatedelements are correctly stored and handled when delivered to
site.
For the millennium community at Allerton Bywaterthe benchmark of reducing construction
waste by 50 percent throughout the supply chain has is proposed, and therefore reducing
construction waste to 5 percent. ft is envisaged that this will primarilybe achieved through
precision construction technologies using off site prefabrication.
In Europe recycling rates are much higher. In Denmark,for example, a rate of 80 percent is
achieved for the recycling of all construction waste.' This can be used as a comparative
benchmarkof best practice, based upon the typicalwastethat arisesthrough construction,
The reduction of on site waste through recycling has precedent within the United Kingdom
also. At Chiswick Park office development in Stanhope, designed by the Richard Rogers
Partnership, the waste reduction strategy included 160 wheelie-bins across the site for the
segregation of construction wasteat source. The percentage of waste arising is summarised
in the following table.
MaterialType
Packaging

Percentageof Waste
34.1

Plaster and cement

12.0

Insulation

11.4

Timber

11.2

Miscellaneous

7.6

Metal

4.9

Plastic

4.1

Concrete

3.3

Ceramic

0.2
Constructionwaste arising by percentageat Chiswick Park

The Greenwich Millennium Village development has also set a target for reducing
construction waste arising on site of 50 percent over 6 years. Through continually
measuringthe wastethat arisesa strategyis evolved and developed for its management and

6 McLaren,Duncan,SimonBullockand NusratYousuf- Tomorrow'sKIbrAd- Britains Share in a
SustainableFuture,London:EarthscanLimited,1998.
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evolving the managementstrategy, which rangesfrom the general awarenessof workers on
site to specific action for specific matedals,such as the separation and storage of metal off cuts on site. An overview of the waste composition arising on the GMV site is given in the
table below.
MaterialType

Percentageof Waste
32.9

Timber
Miscellaneous

18.0

Concrete

17.9

Plastics

16.7

Packaging

8.3

Metals

3.3

Insulation

1.4

Plaster and cement

1.1

Ceramic

0.0
Constructionwaste arising by percentageat the GreenwichMillenniumVillage

The 'urban house in paradise' benchmarkvalue proposed, that construction waste should
be a maximumof 2.5 percent of the materialdelivered to site, this reflects the amount of
materialthat potentially could be recycled that typically arises in construction waste.7 For
example, the wastage rateof bricksis around 9 percent; it is recongised that the substantial
losses that occur due to incorrect handling could be minimised with due care, and therefore
education and management. At the work face, cutting also accounts for a significant
wastage, and much of this has to do with design waste, which could be reduced through
standardisation.' Therefore the benchmark could be achieved through the combination of
two methods; firstly,the actualquantity of wastearisingcould be reduced, and secondly the
naturalwaste that is unavoidablecan be recycledto as greater extent as possible.
The benchmarked reduction also equates, coincidentally, to a Factor Four reduction in
materialwaste.

I McLaren, Duncan, Simon Bullock and Nusrat Yousuf. Tbrwrrows World - Britain's Share in a
Sustainable Future, London:Earthscan Limited, 1998.
Skoyles E. R. and John R. Skoyles. Op. Cit.
Ibid.
0
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Methodology of Assessment
Whilst targets and methods for achieving these targets can be established at the design
stage, the assessment of the construction waste arising can only be carried out during and
after the construction of the dwelling. The level of waste will be determined as the
percentage of the quantity of material used within the dwelling and the total quantity of
materialsthataredelivered to site, minusthe quantity that has been recycled.
It is impossible to predict a generic numericalvalue the quantity of materialsthat will be in a
dwelling, as the 'urban house in paradise'could be at once both a one person fiat or a four
bedroom terraced dwelling. For the benchmark of the quantity of construction waste that is
to be reduced or recycled arisingfrom the process of demolition, it will be necessaryto use a
percentage. Once this benchmarkis applied to a particulardwelling,or even dwelling type, it
canthen be translated into a quantitative value if necessary.

Conclusion
Therefore,the benchmarkstandardfor the Recyclingand Reductionof ConstructionWaste,
is: proposedin the tablebelow:
inthe contextof comparablestandards,
Construction Waste (percent)
Typical UK speculativedwelling
Europeancomparative: Denmark

10

DrawnStudy: 4

5

The 'urban house In paradise'

2
2.5

Recycling and Reductionof ConstructionWaste benchmarkfor the 'urban house in paradise'

reductionandrecyclingon con"ion
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3.29 Recyclability

of Building: Adaptability

The abilityof a dwelling to adapt and be reconfigured is of benefit to the potential lifecycle of
that dwelling, in terms of its useful lifecycle, as opposed to its material lifecycle, which will
both have an impact on the actual life span. Prolonging the useful lifecycle by creating the
dwelling so that it can adaptto the unforeseen, changing needs or inhabitation patterns will,
if it prevents the destruction of a dwelling that is no longer considered useful, mayjmisethe
use of energy and materialsembodied within the fabric of the dwelling that remains after it
has been reconfigured. This is one way in which the Design Life Span benchmark can be
achieved.
One of the most notable examplesof the adaptable urban dwelling is the Georgianterraced
dwelling, acomponent of the grainof manycities within the United Kingdom. As a type, they
demonstrate how a dwelling can be adapted into a new configuration of one dwelling, or
several dwellings when converted into flats; they can alsobe adaptedto accommodateother
functions, such as offices, surguraries, shops and caf6s. The reason for the inherent
flexibility of the Georgianterraced dwelling is due to the size and proportion of the rooms,
both in plan and in section, which makethem suited to accommodatinga range of functions:
and the layout of these spacesaround the staircase.

The ability of spaces to adapt to the unforeseeable changes in patterns of habitation,
speaking both singularly of a particular dwelling, and plurality of the culture of changing
habitation patterns and rituals, is increasingly becoming an area of innovation in housing
design. It is a prototypical urban problem. Adaptabilitycan extend beyond the individual
dwelling, to become an adaptable block, where individual units can be absorbed to create
larger dwellings. John Habrakennotably developed the latter philosophy of adaptability in
the 1960s.I Habraken'sphilosophy was to end the monotony of mass housing through the
provision of housing as'supports and shells'. The support structure enabled dwellings to be
built within the structure independently of each other.
A support structure is a construction which allows the provision of dwellings which
can be built, altered and taken down, independently of the others.'
Habraken's philosophy has recently become a contemporary field of innovation. The
housing proposed for the GreenwichMillennium Village in London, designed by a team led
' Habraken John N. (translated into English by B. Valkenburg). Supports: An Alternative To Mass
,
TheArchitectural Press, 1972.
Housing, London.
Ibid., P-59.
0
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by the British architectural practice Hunt Thompson Associates in association with the
Swedish architect RalphErskine,sought to,
bring about a revolution in the concept of procurement and construction of the
...
home in order to facilitatechoice and adaptability.3
The methodology that the GMVteam aimed to achieve this ambition was through modular
construction. Internalpanels within the dwelling were all non load-bearing, and could be
removed through a mechanical fixing at the top and bottom of each 1200mm panel.
Furthermore, the separatingwallsand floors between adjoining units could be removed, so
that a dwelling could expand into the unit either side or above or below, as they became
available. The principle was based on the concept that an inhabitant should not have to
move from their dwelling because their circumstances,such as familysize, change.
Adaptability emerged as a parameterto be included in the matrixof criteria that define the
'urban house in paradise'during DrawnStudy Two, considering the potential flexibility of an
urban building. The commercialunits and the dwellings were intended to be as flexible as
possible, with long spans between load-bearing structure. The House in House concept of
the dwellings explored the way in which different patterns of use can be accommodated
within the dwellings proposed, in ways that leave each of the urban elements spatially
coherent. The traditional'Japanese lunch box,' four standard enclosures each filled with a
different filling, provide an impetus for the resolution of the relationship between generic
urbanity and personal acts of urban dwelling. There was a potential of 12 different
permutationsof dwellings within the 32 enclosures created.
The benchmark could determine to what extent the form and construction of the dwelling is
designed facilitatethe potential adaptabilityof the interior to accommodatenew functions or
inhabitation patterns in the future. The issue then becomes how to quantify the degree of
potential adaptability inherent within the dwelling. In terms of, for example, the internal
divisions within a space, this could be a measure of the proportion of non load-bearing
partitions to the total number of internal partitions. In Drawn Study Number Four, Allerton
Bywater-The IndividualDwelling,the decision was made to minimise the number of internal
load-bearingpartitions;only four of the initialtwelve types had internal load-bearing structure
and the rest had none. This would both maximisechoice in the initial layout, to suit the initial
inhabitants preferences, and to maximisethe potential adaptabilityof the dwellingthe future.

3 Taylor, David. 'Setting the Agenda for Future Urban Development,' The Architects Journal, 26
February1998.
recycliabilftyof the building:adaptablifty-5.2.01.

under development, which is aimed at a variety of building types, has adaptabilityas one of
its criteria of assessment for multi-residentialresidential buildings. The sub-criteriaused to
determine the degree of adaptabilityqualitativelyare:4
Adequacy of floor to floor height for majorchanges in use.
Appropriatenessof core and structuralmemberlocation for majorchanges in
use.
Potentialfor future upgrade of building envelope thermal performance.
Capabilityfor future change of energy supply.
Ease of changing dwelling unit layouts for changing household
requirements.
The Building Research Establishment's EcoHomes also includes the adaptability of a
dwelling to respond to changing circumstancesas a criterion that may be considered over
and above those in the assessment,but this does not form apart of its overall evaluation.
The benchmarkof the adaptabilityof a dwelling will need to be a measureof the degree of
potential adaptabilityinherent within ft. In terms of the interior, this requiresdevising a means
of assessingthe inherent adaptabilityof the internalspacesof the dwelling, both in plan and
in section. This will be affected both by the form and proportion of the spaces, and the
nature of the divisions within or between them, establishingwhether they are load-bearingor
not. The latter could be expressed as a percentage:
(Numberof internal load-bearingwalWtotal number of internalwalls)x 100
An alternativemethodology would be to use aquantitative benchmark, which would express
the requirementthat, where spans permit, there are no internal load-bearing partitions. This
will maximisethe potential adaptabilityof the interior space. As it is a specific intention of the
thesis to propose quantitative, dimensional benchmarks the latter method has been
selected.
To establish the benchmark performance of a typical dwelling, a number of the standard
house plans for a national house builder were studied.5 The benchmark was determined on
the basis of the mean number of load-bearinginternalpartitions.
The Jungerhalde row housing in Konstanz, Germany,by Schaudt Architekten is used as a
benchmark of acomparativedwelling of Europeanbest Practice.This project is the outcome
3 Taylor, David. 'Setting the Agenda for Future Urban Development,' The Architects Journal, 26
February1998.
4Cole, RaymondJ. and Nils K. Larsson. 'GBC'98 and GB Tool: background', Building Researchand
Information, Volume27 Number4/5 1999, p-229.
M
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of acompetition in low-costrow housing. The mainliving space is typicallyon the first floor of
the three storey blocks, with children's or guest spacesunder. The top floor usually contains
the principalbed space, although in one dwelling this has been converted into a study, and
another floor inserted to create a smallsleeping space.
The brick party wallsad6 metrecentres and basementsarethe only forms of wet construction
in the terrace. Between the walls, the horizontal structure is of standard galvanised steel
members, which are bolted together and braced by tie rods. The floors are composed of
larch planking laid over steel joists. The industrialcomponents are unusually conducive to
their domestic application. The floors can be cut back to create voids. The construction
disciplines of the standardised systems ensures that there is an overall rhythm of
consistency, but the system hasalsofacilitatedthe creationof diversity and individualityboth
in the interior of the dwellings, in response to the individual needs of the inhabitants. The
free span interior constructed in industrialised elements means that the dwelling is highly
suitableto adaptation.
The Flexibo housing development is the closest that Denmark has come to realising the
concept of mutabilityof the dwelling. Its innovation lay primarilyin the internal flexibility of the
units, made feasible through a system of light partitions that could be arranged and rearrangedasthough furniture.

Methodology of Assessment
Therefore the quantificationof the benchmarkvalue of adaptabilityis a measurethe nature of
the divisions within the dwelling, establishingwhether they are load-bearing or not. This will
also include load-bearingelements, such as columns and piers, although it is recognised
that these would not impinge upon the potential adaptability of the dwelling to the same
extent of load-bearingwalls.These elements can be established from the design drawings.
The benchmark can be measuredby the following equation.
Numberof internalload-bearingwalls/total number of internalwalls

I Standard house plans of the Ambassador, Embassy, President and Statesman ranges, Barratt
Design Group.
5.2.01:
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Conclusion
Therefore, the proposed benchmark for the criterion of Recyclability of the Dwelling:
Adaptability, seen in the context of the other comparative benchmarks of the typical
speculative dwelling, European comparativeand DrawnStudy 4, is proposed in the table
below:

Typical UKspeculativedwelling

Numberof Internalload-bearingelements
0.8

Europeancomparative:Jungerhalde
DrawnStudy: 4

0

The 'urban house In paradise'

0

0

Recyclabilityof Buildingbenchmarkfor the 'urban house in paradise'

M
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3.30 Space Standards: Area
In order to propose new, innovative benchmark standards, first it is necessary to determine
the existing standards of the contemporary housing construction industry. In terms of space
standards this involved an extensive analysis of the internal space standards of products of a
national house builder and national housing association, based on their typical house plans.
The analysis focussed upon three criteria: typical area (M2),typical volume (M3), and space
the total floor area. The latter served to determine the proportions of
the area of the dwelling attributed to the various functions of habitation, and identify
preferences and tendencies in space use within the dwelling. These figures, summarized in
use, asapercentageof

the table overleaf, provide an initial base figure from which to determine the benchmark value
of internal space standards within the generic'urban house in paradise'.

ft was a specific intention in the winning submission of the Allerton Bywater Millennium
CommunityCompetition to increasethe area and volume of the dwellings over that typically
provided by national house builders. Therefore in DrawnStudy 4, these figures provided
the basisfrom which ten percent was added to the area,to create a more desirable dwelling.
The additional cost was accounted for as a part of the savings made through rational,
standardised,construction.
As acontinuation of the space standardsanalysis,the typical products of the national house
builder and national housing association were analysed again. This time the aim was to
determine the mean value of dwelling area per inhabitant for each house type, and then to
determine the overall mean dwelling area per inhabitantfor all house types. This analysis,
based on the measure of the mean net floor area' divided by the maximum number of
inhabitants the dwelling is designed to accommodate during typical occupancy, can be
summarisedin the subsequent following table: the maximumand minimumvalues are also
shown, to demonstrate the range of values.

' AL-tfloor area is sumof the area of all the floors enclosed by the external walls; It includes the area
occupied by partitions and the area taken up the staircase (if appropriate)on each floor.
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Space provision (m'. p'), by Number of Inhabitants

Provider

2

3

4

5

6

7

8

9

10

Mean

HBrnin

19.75

16.45

13.93

14.02

12.35

14.47

18-90

20.14

19.74

16.64

HBrnean

22.36

17.47

16.04

16.83

17.18

19.02

20.26

20.49

19.74

18.82

HBrnax

25.43

18.8

23.81

21.14

22.83

23.65

22.07

20.68

19.74

22.02

HArnin

25.5

20.67

18-63

16.7

16.8

15.86

-

-

-

19.03

25.5

21.8

19.0

17.6

16.8

16.0

-

-

19.5

25.5

24.0

19.25

19.0

16.8

16.0

HArnean
HAmax

1

1

1

1

20.09

Table of meannet floor areas (m2.p-') of typical dwellingsof a nationalhouse builder (H B) and national
housing association(H A)

The figures at the lower end of the occupancy scale, 2 inhabitants in particular, are higher
than valuesfurther up the scale. This is due to the areasof common functions, such as the
kitchen, being divided acrossfewer people. For example, akitchen for five people is unlikely
to be two and a half times the areaof a kitchen for two people. This can be demonstrated by
the percentage analysisof space use of the dwellings. The proportion of the areaoccupied
by the kitchen drops from 15 percent in atwo person dwelling to 10 percent in a five person
dwelling. In terms of areathis equates to a kitchen of 6.8M2in the two person dwelling and
8.2M2 in the five person dwelling. Therefore, in the two person dwelling, this area will be
divided by two in the area per occupant calculation, whereas it will be divided by five in the
five person dwelling; this results in the higher value of area per occupant in the lower
occupancy dwellings. Inthe national house builder figures, the area per occupant then dips
in the four and five person dwellings, the typical three bedroom dwellings, and the rises
again, asthey move towardthe larger,more'luxurious' dwellings.
This can be viewed in comparisonto the national housing associationfigures, where there is
a continuous downward trend in the area per inhabitant as the number of occupants rises.
This is due to the continued influence of increasing numbers over the common areas,
described above, and that the largerdwellingsdo not become more Auxurious,' as the house
builder dwelling do.
The traditional yardstick for minimum space standards is, as it is known colloquially, the
'Parker Morris' standard. Published in 1961 the Parker Morris report, entitled Homes for

5.2.01: =
spacestandards-

2 was primarily concerned with space standards and heating. In its
Today and TomorroW,
conclusion, the report advocatedthat space standardsshould be determined by the number
of inhabitants within a particularhouse type, as oppose to minimum room standards, which
had been the previous criterion. The Parker Morrisstandards became mandatoryfor public
sector housing in 1967; they were never formallyadopted or applied to the private sector. In
1981, the Government revoked the compulsory space standards that were based on the
recommendations of the Parker Morris report, and housing associations were therefore
permitted to build to any standardof internal areasthe perceived to be consistent with the
Housing Corporation's Design Guidance. Parker Morris is still generally recognised as of
value, and remainsthe traditionalyardstickby which to judge space standards.
The Parker Morris standards, which are also based on the net floor area per inhabitant, can
be viewed against the current typical products of a national house builder and national
housing associationin the followingtable.

Provider
HB
HA
PM

MeanNet FloorArea (rr?.p), by Numberof Inhabitants
1

2

3

4

5

6

7

8

9

10

-

22.36

17.47

16.04

16.83

17.18

19.02

20.26

20.49

19.74

-

-

-

25.5
21.8
19.0
17.6
16.8
16.0
32.0 1 19.9 1 23.81 1 18.5 1 17.4 1 15.78 1 - I-I

I

-

Table of meannet floor areas (m2.p-') of typical dvmllingsof a nationalhouse builder (H B) and national
housingassociation(H A) and the Parker Morris(P M) standards.

The overall mean valuesof the mean net floor area of a dwelling per occupant for the three
categories of national house builder, national housing association and the Parker Morris
standardfor allof the house types are summarisedbelow:
Provider

Mean floor area per inhabitant(m'.p-')

National house builder

18.82

National housingassociation

19.45

Parker Morris

21.21
Overall meanIfloorarea per inhabitant.

Departmentof the Environment. hbmes for Todayand Tomoffow,London: HMSO,1961.
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Designing with higher standardshas been demonstrated as achievable. In two low-energy
dwellings in Sheffield, taking account of energy consumption, water conservation and the
environmentalimpactof materials,the internal roomsizes were 13 percent above the Parker
Morrisspace standards. Furthermore, the dwellings construction costs were C6,500 below
the Housing Corporationbudget for conventionalhousing.3
In a study by the Building Research Establishment, dwellers were questioned about their
subjective responses to the space within their dwellings, aJIof which were owner occupied,
rangingin size from studio to four-bedroom, and allwere built between 1981 and 1988.4 38
percent of the respondents rated the size of their dwelling as small, and only 32 percent
stated that they had sufficient space all of the time. In response to being questioned on the
reasons for why they did not have sufficient space, the following indicates the most popular
responses:
Criticism of Space Provision

Responses

Insufficient storage

31.1

Principal roomtoo small

27.2

Kitchen too small

21.9

Insufficient space for guests

21.3

Bedroomstoo small

20.6

Needanother room

16.9

Bathroomtoo small

8.8
Criticismsof space Provisionin dwellings,by response'

These responses, in conjunction with the percentage analysisof the space use by function
within the typical dwellings of a nationalhouse builder, will indicatewhere in terms of function
an increase in the space standardsof the dwelling would be most appropriate.
ft is from researchsuch as the analysisof the typicalproducts of a national house builder and
national housing associationin the United Kingdom that the base figure of areaper occupant
is defined. From those, the benchmark values, as a factor increase of those base figures,
can be derived. Determining this factor increase can be informed by European
3 BRECSU. 'Review of Ultra-Low-EnergyHomes -A Series of UK and Overseas Profiles,' General
Information Report 38, London: HMSO, February 1996; and Smith, Maf, John Whitelegg and Nick
Williams. Greeningthe Built Environment,London: Earthscan, 1998.
4Oseland, N. A. 'Improving Space in Homes, Building Research Information Paper IP 9192,Building
ResearchEstablishment, May 1992.
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comparatives,which demonstrate how new dwellings in the United Kingdom compare with
European standards. The Drawn Studies, such as Drawn Study 4 of the dwellings for
Allerton Bywater,willdemonstratewhat could be achieved by national house builders in the
United Kingdom, as a benchmarkof innovativeconstruction.
DrawnStudy 2, at the dwelling scaleof the Glasgowproject, can contribute to the benchmark
of space standards. It is of particularrelevance in being a project for flats, as due to data
availablethe existing analysis,whilst including flats, has a preponderancetoward the scale of
individualdwellings, and flats are a significantdwellingtype in urban situations. The analysis
in terms of areacan be summarisedas follows; the reference a and b refers to the different
dwelling configurations, and therefore sizes,that arepresent in the study.

Area
Dwellingarea (m)
Area per inhabitant (rr?.p-')

,

Numberof Inhabitants
3
4a

2a

2b

36

72

72

18.0

36.0

24.0

4b

Mean

109

140

85.8

27.3

35.0

2& 1

Area per Inhabitant(M2.p-1)for DrawnStudy 2

A similarprocess can be undertaken for the dwellings of the drawn studies for the Allerton
Bywater Millennium Community Competition, from Drawn Study 4. The following table
presents the areasfor eachof the dwellingtypes, and the corresponding area per occupant,
of one internal configuration. These are the maximumdesigned occupancy levels, and
therefore anyother variationwould leadto a higher space standard.

Area

1

Dwellingarea (rr?)
Area per inhabitant (m2.p-1)

Number of Inhabitants
4a

I

4b

5a

5b

7a

7b

Mean

78

73

96

100

127

125

99.8

19.5
-

18.3

19.2

20.0

21.2

20.8

19.8

Area per Inhabitant(M2.p-1)for DrawnStudy 4

Of particular note is the very small variation in area per inhabitant between the different
'Ibid.
0
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Whereas the area per inhabitant dipped at the four and five person
dwellings for the national house builder, and showed a continual downward trend for the
national housing association, with a variation of up to almost 2.8 M2from the mean, the
dwelling types.

dwellings in DrawnStudy 4 only vary by a maximumof 1.5 M2from the mean. This can be
attributed to the internal arrangementof the dwelling types, where shared spaces, such as
the kitchen, increasedin areain accordancewith the increasein the overalldwelling area and
occupancy level. This is a logical arrangement, for as the kitchen, as an example, is
increasinglybecoming an informalgathering space for the family,then it should increase in
response to increasingnumbersof inhabitants.
It is also worthwhileto note that in the subsequent development of the project, following its
success in the competition, the house builders involved reacted against the space
standards proposed, and sought to reduce them to levels that are below the areas of the
dwellings of the national house builder.' The values proposed by the national house
builder for the sizes of the dwellings were 57.6 to 65.0 M2for a2 bedroom dwelling, 78.9 to
83.6 M2for a3 bedroom dwellingand 111.5 M2for a4 bedroom dwelling. In terms of area per
inhabitant, assuming the same number of inhabitants as the original dwellings proposed in
DrawnStudy 4, these figures can be translated as 15.5 M2.p-I for the 2 bedroom dwelling,
16.3 M2.p-I for the 3 bedroom dwelling and 15.9 M2.p-1for the 4 bedroom dwelling, based
upon mean the area.
The table overleatpresents comparablefigures of averagefloor area per occupant for seven
European countries. However, no methodology accompaniesthese figures to explain how
they have been measuredand calculated, such as if they are net floor areas, and therefore if
there is any potential direct comparabilityof these figures to the primary analysisof the net
floor areas per occupant current products of the national house builder and housing
associationsummarisedabove.

I Minuteof meetingbetweenGleesonHomes,GleesonCity Livingand Aire Design,at RedrowHomes
Office, 6 July 1999.
0
spacestwidards-5.2.01:

Area per Inhabitant (M2.p 1)

Country
Denmark

51

Svveden

44

Holland

38

Germany

36

France

33

UK

32

Italy

32

Average floor area per Inhabitantby country in 19917

The figure for the United Kingdom of 32 M2 per inhabitant is far above that of the above
figures; therefore it would be imprudent to directly compare the values of other countries
with the figures determined above. However, it would be reasonable to presume that the
figures for each country within this table have been measured and calculated on the same
basis for each, and therefore the graph can be interpreted so that each of the other six
countries is represented as a percentage of the average floor area per occupant for the
United Kingdom. This informationcan then be used to translatethe meanfigures of a United
Kingdom nationalhouse builder (18.8 mý and housing association(19.5 m) into comparable
figures for the other Europeancountries. This can be represented in the following table:
Percent Variation

Effect on UK Builder

Effect on UK Association

Denmark

159

29.9

31.0

Sweden

138

26.0

26.9

Holland

119

22.4

23.2

Germany

113

21.3

22.0

France

103

19.4

20.1

Italy

100

18.8

Country

1

19.5

Average floor area per Inhabitantfor six Europeancountries representedas a percentageof the
UnitedKingdom'saveragefloor area per inhabitant,and then interpretedinto a figure of area per
inhabitant

A composite table can aJsobe created that will present the typical products of the house
building industry in the United Kingdom against traditional space standards, the drawn
Figureswere provided in personal communicationfrom The DanishMinistry of Housing
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studies, and European equivalent standards that have been extrapolated to give
comparableareasto the dwellings of the national house builder and housing association,

Provider

Wan Net FloorArea (m. p-'), by Numberof Inhabitants
1

2

3

4

5

6

7

8

9

10

HB

-

22.4

17.5

16.0

16.8

17.2

19.0

20.3

20.5

19.7

HA

32.0

25.5

21.8

19.0

17.6

16.8

16.0

-

-

-

23.7

19.9

18.5

17.4

15.8

-

-

27

24

31.2

27.9

25.4

26.7

27.3

21.0

Dk

35.6

19.6

-

18.9

30.2

32.3

32.6

31.3

Sw

30.9

24.2

221

23.2

23.7

26.2

28.0

28.3

27.2

NI

26.7

20.8

20.5

22.6

24.2

24.4

23.4

Gm

19.4

21.5

22.9

23.2

22.3

Fr

19.6

20.9

21.1

PM
DSTwo
DSFour

20.0

25.3

19.0
1
19.8 1 18.1

23.1

18.0 1 16.5

17.3 1 17.7

19.01

1

1

1

20.3

Tableof meanspacestandards(M2.
p-1)of typicaldwellingsof UK housebuildingindustry,Drawn
StudiesTwoand Four,andEuropean
equivalentstandardsof housebuilding.

In terms of the qualityof the internal environment it can be presumed that the ideal dwelling
will have space standards that are as high as possible, within the terms of cost and quality
constraints. However, if they are too great they will have an adverse effect on the value of
density; the proposed benchmark values will therefore have to maintain the quantitative
value of density, in terms of people per hectare with high internal space standards. The
dwelling of long dimensions within the city of short distances may, in those terms, be
something of a compromise, if not an oxymoron. Furthermore, the additional materials
required to construct the dwelling, and the additional energy required to heat and illuminate
it will also be affected detrimentally if the space standards are increased. This can be
evaJuatedby the assessment methodology of those benchmarks, which are measured in
units with adimension that accountsfor floor area, kWh.m2 and kWh.M-2a*' respectively.
The analysisof the Europeanbest practicedwellingwas also applied to the analysisof actual
projects, as the values above are based upon applying a general percentage variation
between the space standards of different countries to the of the national house builder.
This also enabled the researchto focus upon urbandwellings, which may be smaller in area.
The specific projects that were studied are summarisedin the table overleaf.
M
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EuropeanComparative
Student Housing,Graz

Numberof inhabitants
1

Area per Inhabitant(M'-P-')

Laivapokia, Helsinki

2

25

Diana Have,Copenhagen

3

21

SP15 D/52, Amsterdam

4

19

Sijzenbaan,Deventer

5

19.8

61

21

Jungerhalde

1

28

SpecificEuropeanbestpracticecomparatives
Researchconducted into space standardsof housing associationdwellings' undertook, as a
part of its remit, a study of space standards of new-build houses and flats as affected by
design method and contract type. These values can be translated into values of floor area
per occupant, as affected by design method and contract type, and is represented in the
table/graph below. This mayhave an influence in the Procurementcriterion of the protocol.
Meanfloor area per Inhabitant(ml.p')

Number of
occupants

Contract type
Tender

Off the shelf

D and B

Bespoke

1 (flat)

27.7

47.9

33.2

1(house)

39.0

2 (flat)

23.3

22.2

22.5

39.0

2(house)

25.1

26.5

23.7

3 (flat)

20.0

19.3

19.4

3(house)

20.4

19.4

23.2

4 (flat)

18.3

22.2

15.8

16.4

4(house)

17.5

5 (flat)

21.0

5(house)

16.4

6(house)

15.1

7(house)

15.0

8(house)
9(house)

13.3

Mean

20.9

21.3
15.6
23.4

Designmethod
Cont'ordes'd
HA Std des

24.7
19.8

22.1

19.2

17.6

18.0

19.1

17.9

17.9
16.7

16.7

16.7

16.4

16.0

15.2

18.2

15.4

16.3

14.3

15.9

16.0

16.1

16.6

15.6

14.3

19.9

13.3

17.9

19.7

Meanfloorareaperoccupant(M2.
p-1)of housingassociationdwellingsby contracttypeanddesign
for eachdwellingtype)
method.(Boldindicateshighestvaluesfor eachtype/method
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For contract type, Whilst Off the Shelf (OTS) dwellings, properties purchased which are
already completed, but are unsold, by a private builder or developer, appear to be well
distributed in terms of highest areaper occupant, Tender and Design and Build Package (D
and BP) display an evident clustering. For Tender this is for allof the flats, with the exception
of the one person flat which is markedly lower. For D and BP, the clustering is toward the
larger dwellings of five to eight occupants. However, in terms of the mean values, it is the
OTS dwellings that havethe highest overall mean value; although it the anomalousvalue of
the one person flat is disregardedfrom the calculationof the mean, the value would be 20.4
M2,the highest mean value would then be Tender.
in terms of design method, the contractor's standard design of house type provides a higher
number of largest areas for agiven occupancy figure. However the Bespoke design method
has the highest overall mean value; this could be due to the Bespoke being the only design
method with values below an occupancy level of three. The area per occupant of dwellings
with smaller numbers of occupants, those of one and two, tends to be higher, as the primary
analysis of the national house builder and housing association dwellings demonstrates, refer
to table above.

Therefore, if these figures are discounted, and the means are calculated

from the mean area per occupants for numbers of occupants represented more equally by
each design type, then the mean values of area per occupant are: Bespoke, 16.3 M2.p-1,
Contractor's standard design, 17.9 M2.p-', and Housing association standard, 16.5 M2 P-1.
.
Therefore, the contractor's standard design has the highest mean area per inhabitant also.

It is now possible to plot a graph that will represent the relationships between the different
space standards of the national house builder, national housing association and Drawn
Study Number Four. In the case of the latter, a specific attempt was made at the design
stage to increase the space standards above those of the typical product of the national
house builder. Onto this graph can then be overlaid the line representing standards of the
'urban house in paradise'. This line has been derived by using the line of the national house
builder to determine how the area per occupant changes for increasing numbers of
occupants, but removing the excessivedip between three and five occupants, and applying
this to the standardsof DrawnStudy 4. This willcreate a set of space standardvalues, in area
per occupant, that will varyfor the number of occupants, and will provide greater space than
is currently being provided by the housing construction industry.

11
Walentowicz,Paul. HousingStandardsafter the Act -A Survey of Space and Des4n Standards on
Housing Association Projects in 1989190,London:National Federationof HousingAssociations, 1992.
"This is derived from the definition of net floor area used in the Parker Morrisreport.
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Space standards

by occupanc,

33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15

-HB
-HA
-

1

2

3

4567

8

AB
uh- in p

10

No of Inhabitants

Graphof Space Standards by occupancy

The analysis from which these values are determined is based largely on two storey
dwellings. DrawnStudy 7 showedthat the space standardfor asix person dwelling,of 122.4
m2was difficult to achievein athree storey dwelling, due to the space required for additional
circulation; its floor areawasmeasuredat 124.08 M2. This is also borne out in the analysisof
the space standards of the national house builder. Therefore, a proviso is added to this
benchmarkthat for dwelling of over two storeys, 4 M2per floor should be added to the total
areagiven by the Space Standards: Area benchmarkto allowfor additionalcirculation.

Methodology of Assessment
The value of areaper occupant for adwelling will be determined by dividing the net floor area
of the dwelling by the maximum number of occupants that the dwelling was designed to
Basing the assessment on the designed occupancy level retains
consistency with the Density: Quantitativebenchmark. The net floor area is that which is
enclosed within the external waJIs;it includes the area occupied by any internal partitions,
accommodate.

and the area occupied by any staircaseon each floor. It excludes the area occupied by an
external balcony-OConversely,the net floor area of the 'urban house in paradise' can be
m
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determined by multiplying the value of the area per occupant in the table below by the
number of occupants that the dwelling isto be designed to accommodate.

Conclusion
Therefore,the proposedbenchmarkfor thecriterionof SpaceStandards:Area,seenin the
of the typicalspeculativedwelling,European
contextof theothercomparativebenchmarks
and DrawnStudy4, is proposedin thetablebelow.
comparatives

Numberof
inhabitants

Space Standards:Area (m'. p-')
Typical Spec

EuropeanComp, DrawnStudy 4

UH in P

28

32

2

22.36

25

27

3

17.47

21

4

16.04

5

1

22

19

18.9

19.7

16.83

19.8

19.6

19.7

6

17.18

20.5

20.4

7

19.02

20.3

8

20.26

-

21.7

9

20.49

21.9

10

19.74

20.9

21.0

Space Standards:Area benchmarkfor the 'urban house in paradise'
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3.31 Space Standards: Volume
In traditional space standards, such as Parker Morris, area has always been the criterion of
assessment. However,in the perception of space, the volume of that space is more crucial
than only the area. These two criteriaare, of course, interrelated; this was demonstrated in
the dwellings of Allerton Bywater, DrawnStudy Four. Through maximisingthe efficiency of
the ratio between usable volume and the volume enclosed by the external skin of the
dwelling, for example utilising the volume within the roof pitch, an increase in area of ten
percent was translated into and increase in volume of thirty-five percent. However volume is
not solely a product of area,and is dependent on the three-dimensional configuration of the
dwelling as opposed to area, which is only two-dimensional. Therefore in the pursuit of a
spatiallydesirable dwelling, in addition to benefits to daylight penetration and air circulation,
the volume per inhabitantof the dwellingwill be benchmarkedas well as areaper inhabitant.
To determine abase level, the sameprocess can be followed for determining the volume per
occupant of the typical products of a nationalhouse builder and housing association, as was
conducted for the analysisof area. This is represented in the followingtable.

Provider

Space provision(ml. p-), by Numberof Inhabitants
4
5
6
7
8
9

2

3

HBmin

47.40

39.49

33.42

33.65

29.64

34-73

45.36

HBmean

53.65

41.92

38.50

40.38

41.22

45.64

HBmax

61.02

45.121 57.15

50.74

54.80

HAmin

61.02

49-60

44.70

40.08

61.02

52.40

45.48

61.02 1 57.60

46.20

HAmean
HAmax

1

10

Mean

48.34

47-38

39.93

48.63

49.17

47.38

45.17

56.76

52.96

49.62

47.38

52.84

40.40

38.06

-

-

-

45.67

42.19

40.40

38.23

-

-

46.65

45.60

40.40

38.40

-

-

48.23

Table of mean net volume(n-?.p-') of typical dwellingsof a national house builder(H B) and national
housing association(H A)

From analysis of the typical products of a national house builder and national housing
association in the United Kingdom the base figure of area per occupant is defined. From
those, the benchmark values,as afactor increase of those base figures, can be derived. As
for the Space Standards: Area benchmark, determining this increase can be informed by
European comparatives, which demonstrate how new dwellings in the United Kingdom
spaoe standards-5.2.01

compare with European standards. The Drawn Studies, such as Drawn Study 4 of the
dwellings for Allerton Bywater,will demonstrate what could be achieved by national house
builders in the United Kingdom, as a benchmarkof innovative construction.
The second Drawn Study of the individual dwellings in the Glasgow project, just as it
contributed to the space standards benchmark of area, can be used in inform the space
standards benchmark in terms of volume. The volume per dwelling, and corresponding
volume per occupant can be summarisedin the following table:

Volume

Mean

115.2

Numberof Inhabitants
2b
230.4
4a
4b
230.4
72
348.8
448.0

57.6

115.2

89.8

2a

Dwellingvolume(m')
Volumeper inhabitant (mc-p-1)

76.8

87.2

112.0

274.6

Volumeper Inhabitant(m. p-) for DrawnStudy 2

In a similarmanner, the space standards of Drawn Study 4, of the individual dwelling at
Allerton Bywater,can be presented as volume per inhabitant for each of the dwelling types.
As described above, it was aspecific intention to increasethe internalvolume of the dwelling
above that typicalof a nationalhouse builder; this was achieved both through increasingthe
areaof the dwelling,ceiling heights and increasingthe proportion of inhabitable space within
the envelope of the dwelling. Once again, as for the area per inhabitant, this is for the
maximumoccupancy configuration, and the value of the space standards will be higher for
other configurations.

Volume
Dwellingvolume (m')
Volumeper inhabitant (rrf. p-')

1

4a

4b

Numberof Inhabitants
5a
5b
7a

220

222

276

300

360

370

291

55.0

55.5

55.2

60.0

60.0

61.7

57.9

7b

Mean

Area per Inhabitant(M2.p-1)for DrawnStudy 4

The anaJysisof the European best practice dwelling can also applied to the volume of the
dwelling. This is focussed upon the specific urban projects that were analysed above,
These are summarisedin the table overleaf.
5.2.01
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European Comparative

Number of inhabitants

Volume per occupant (m2.p')

Student Housing, Graz

1

75.6

Laivapokia, Helsinki

2

67.5

Diana Have, Copenhagen

3

63

SP15 D/52, Amsterdam

4

53.2

Sijzenbaan, Deventer

5

49.5

Jungerhailde

6

55.7

Specific Europeanbest practice comparatives

The dwellings in DrawnStudy 4 were designed with meanceiling heights of three melres, to
achieve the desired increase in volume over and above that of area. Therefore, the
benchmark of Space Standards: Volume for the 'urban house in paradise' is established
both through multiplyingthe areabenchmark by a height of three, and informing this value
with the comparativeanalysisabove.

Methodology of Assessment
The value of volume per inhabitant for a dwelling will be determined by dividing the net
volume of the dwelling by the maximum number of occupants that the dwelling was
designed to accommodate.The net internal volume is the space enclosed by the external
envelope of the dwelling and any party wafls; it will include any internal floors within a
dwelling, but exclude separatingfloors between dwellings. Therefore it is comparableto the
assessment of floor area. Conversely, the target internal volume of the 'urban house in
paradise' can be established by multiplying the value of the benchmark of volume per
inhabitant in the table below by the number of inhabitantsthat the dwelling is to be designed
to accommodate.

Conclusion
Therefore,the proposedbenchmarkfor the criterionOfSpaceStandards:Volume,seen in
the context of the other comparativebenchmarksof the typical speculativedwelling,
Europeancomparatives
andDrawnStudy4, isproposedin thetableoverleaf.

0
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Numberof
inhabitants

SpaceStandards:Volume(m'. p-')
Typical Spec

EuropeanComp,
75.6

96

2

52.6

67.5

81

3

41.1

63

4

37.6

5

1

Draw Study 4

UH in P

66

53.2

55.3

59.1

39.5

49.5

57.6

59.1

6

40.4

55.7

61.2

7

44.7

-

60.9

8

47.7

-

65.1

9

48.2

65.7

10

46.3

62.7

63.0

Space Standards:Volumebenchmarkfor the 'urban house in paradise'
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3.32 Thermal Performance
The thermal performanceof the fabric of a dwelling is of criticalimportanceto its performance;
as the external envelope is one of the most durable parts of the dwelling, it will significantly
influence the energy consumption of the dwelling throughout its life span. It will be
inextricablylinked to the benchmarkof its energy consumption, and in particularthe space
heating component of that value. Therefore, the value of the benchmarks of thermal
performancewill taketheir lead from that criterion, of 25 kWh.M-2.a:, and in particularfor the
total energy consumption, and <10 Mh. m-2.
erl for space heating.
There are two methods of determining the thermal performance of a dwelling under the
Building Regulations, elemental and target. The elemental analysis considers the
performanceof each of the elements that the envelope of the dwelling is composed of, such
as walls, floors and roof. The target value considers the overall performance of these
elements, accounting for their area as a proportion of the total areaof the envelope. In the
literature review of low energy dwellings, without exception the thermal performance has
been quoted as the elemental values. For the purposes of comparability, it is the target
values that will be benchmarked for the 'urban house in paradise'. Furthermore, the
elemental values are more transparent,demonstrating the performance of every element,
ratherthan proposing them as an amalgamation.
The standard United Kingdom Building Regulation requirements can be taken as the basis
from which to establish a benchmark of thermal performance for the 'house in paradise.'
These are summarisedasthe ElementalU-valuesfor aSAP of over 60: 1

I The U-values required by the Building Regulationsare higher for a dwelling with a SAP rating below
60. However,it is felt that as, due to its performance,the 'urban house in paradise' is likely to have a
SAP rating above 60, the Building RegulationU-values also for a dwellingWith a SAP rating over 60
would be a morerelevant comparison.
thermalperformanceS2.01:

Element

U-value (W.m-I.K"')

Roofs

0.25

Flat roofs or the sloping parts of a room-In-the-roof

0.35

Exposedfloors and groundfloors

0.45

Exposed walls
Semi-exposedwalls and floors

0.45

Windows,doors and roof lights

3.3

0.6

StandardBuilding RegulationU-valuesfor England and WaleS2

The benchmarksfor energy consumption were determined with reference to a number of
sources, including to best practice in ultra-low-energy dwellings, as published in the
BRECSU's General Information Reports Number 38 and 39.3 Dwellings from these with
comparableperformanceare summarisedbelow, with their corresponding U-values. These
demonstrate U-values for dwellings with energy requirements, in terms of overall energy
consumption and space heating, within the region of that proposed for the 'house in
paradise'.

Project

En'gy (kWh M-2 a-')
Spac;' ý
Total

The BermHouse

0

Duncan House

1

Zero-Energy
Southwellhouse

U-value(W.

M-2

X-1)

Roof

Wall

Win

Floor

0.14

0.16

2.6

0.65
0.15

0.09

0.12

2.1

4

14

0.13

0.15

1.2

22

0.07

0.14

1
1.15 1 0.6

0.08

0.1

0.8

0.13

-

25

Kings X Eco House
Zero-EnergyHouse

9

25

0.11

0.12

0.8

0.14

0.11

0.12

1.9

0.13

Passiv Haus

10

32

0.09

0.14

0.7

0.16

Low-EnergyUrban

10

0.15

0.17

0.7

0.09

0.14

2.1

0.1

Elmsett Eco,House

HouseB

-

WaterlooRegion

-

51

0.13

0.15

1.0

-

Den'k lEA Task 13

15

<60

0.11

0.11

0.8

Lower Watts House

-

65

0.12

0.22

0.22

1

1.7

1

B/Floor

0.19

0.19

0.3

-

-

0.15

42

1

BIWall

ComparativeU-valuesfor Ultra-Low-EnergyDwellingS4

2Departmentof the Environment and the Welsh Off ice. The Building Regulations - Approved
Document L: Conservationof Fueland Power,London: HWO, 1995.
3BRECSU,GeneralInformationRepoft 38 and 39, London: HMSO,1996
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In 1998 a report was published that had been prepared for the Joseph Rowntree
Foundation, by Robert Lowe and MalcolmBell of Leeds Metropolitan University'sCentre for
the Built Environment,with the intention of,
instigatingdebate over future developments in energy efficiency aspectsof the
...
Building Regulationsin the UK.5
A critical review was made of the current Regulations, with particularreference to space
heating and thermal performanceof the dwelling's fabric. In short, the objective is set to
reduce average U-values by 40 percent by the year 2000, and by 60 percent by the year
2005.
The latter level, modeled on the current Swedish Building Regulations,will reduce
the space heating requirementsof atypical semi-detachedhouse in the north of
England by almost90 percent comparedwith the samedwelling built to current UK
Building Regulations.8
Following objections that the elementalthermal performance standards for roof, wall, floor
and glazing restricted the freedom of the designer, and makes no constraint on the
efficiency of the heating system, the Energy Target system was introduced for dwellings in
the 1990 edition of the Building Regulations.This was based on the BREDEM model, refer
to the Energy Consumption: Inhabitationcriterion, Annexe 3.16. In 1995 this was revised
into the Energy Rating Method, based on a specified value of the energy efficiency as
determined by the Government'sStandard Assessment Procedure.
Lowe and Bell undertook acomparisonof two scenarios,of low and high versions of a typical
dwelling, and analysedboth by Elementaland Target U-value methods of assessment. The
reduction in energy consumption of the high efficiency over the low efficiency scenario by
the Elemental method was 34 percent; whereas under the Target U-value method the
reduction was 25 percent. The diff erence occurs because of the trade-off allowed for under
the Target U-valuemethod. Therefore, for the reduction of overall energy consumption, it is
evidently desirable to have elemental U-valuesto determine the performance of the skin,
rather than a target value based on the Building Regulations model, but also an overall
energy consumption value, as thermalperformanceis but one of a number of criteria that will
effect the level of overaJIenergy consumption.
In BRECSU's GeneralInformationReport Number 53, LI-valuesare proposed for both a zero
5 Lowe, Robert and Malcolm Bell. Tow9rds Sustainable Housing: Building Regulationfor the 21st
Century,Leeds: Leeds MetropolitanUniversity, 1998,p. 1.
11
Ibid., p. 2.
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M

C02emission and zero heating dwelling, againstthe current Building Regulation standardS.7
These are presented in the following table.
U-Value(W.

Element

M-2

K)

1995 BuildingRegs

Zero 00,

Zero Heating

Roof

0.25

0.10

0.08

Flat roof

0.35

0.10

0.08

Groundfloors

0.45

0.20

0.10

Exposedfloors

0.45

0.20

0.10

0.45

0.20

0.14

0.6

0.20

0.14

3.3

2.20

1.70

Exposedwalls
Semi-exposedwalls
Window,door, Night

IL

Table of U-values;for 1995Building Regulations,Zero CO, and Zero HeatingDwelling8

The

Building

Research

Establishment's

environmental

assessment

of

dwellings,

EcoHomes, awards credit for improving the thermal performance of the dwelling's envelope,
in comparison with the mandatory requirements of the Building Regulations. Maximum credit
is awarded for a 30 percent improvement. 'ý In terms of current standards, this would equate
to the following U-values: roofs 0.18 W.M-2X-1, exposed floors and ground floors 0.32 W.m2X-1, exposed walls 0.32 W.M-2X-1, semi-exposed walls and floors 0.42 W.M-2K-', and
.
windows, doors and roof lights 2.3 W. M-2.W.

InJune 2000 a consultation paper was published on proposals for revising the Part L of the
Building Regulations relatingto energy efficiency requirements; these included the thermal
performanceof dwellings.10In terms of elemental values, the proposals are for a sequential
improvement in the standard,with effect from the initial date when the Approved Document
comes into effect, and aturther improvement 18 months later. The performance demanded
is also dependent upon the type of heating systemto be specified.

7 BRECSU. 'Building a Sustainable Future - Homes for an Autonomous Community,' General
InformationReportNumber53, London: HMSO,October 1998.
Ibid.
Rao, Susheel, Alan Yates, DeborahBrownhilland Nigel Howard. Ecol-lomes - The Environmental
Rating for Homes, London:Construction ResearchCommunicationsLimited,2000.
10Department of the Environment, Transport and the Regions. The Building Act 1994 - Building
Regulations- Proposals for Amendingthe Energy Efficiency Provisions -A ConsultationPaper Issued
by Building RegulationsDivision,London: HMSO,June 2000.
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Type of HeatingSystem
Gas or oil central heating with Other gas or oil system, any
boiler SEDBUKnot less than the electrical or solid fuel system, or
value in the table below
undecided
Pitched roof, insulation
betweenrafters
Pitched roof, insulation
betweenioists
Flat roof

0.25

0.20

0.22

0.18

0.20

0.16

0.18

0.16

0.25

0.25

0.22

0.22

Wall

0.35

0.30

0.31

0.27

Floor

0.30

0.25

0.27

0.22

Average of windows,doors
and roof lights

2.20

2.00

2.00

1.80

ProposedU-valuesin consultationdocumenton revisionsto Part L of Building Regulations

Minimumboiler SEDBUK(percent)
Central HeatingFuel

Initial

Post 18 months

Mains natural gas

75

78

LPG

82

85

oil

85

88

Minimumboiler SEDBUKrating for determiningU-values

The consultation document goes on to propose subsequent amendments to these
standardsin afurther five years;these are:
U-value(W.

Element

M-2

Roofs: insulated betweenor over joists

0.16

Roofs: integral Insulationin structure

0.16

External walls

0.25

Ground floor

0.22

Average of all windows,doors and root lights

0.6

K-')
.

Proposedamendmentsto revised regulationsafter five years

To be progressive, the proposed thermal performance benchmarksfor the 'urban house in
paradise'willclearlyhave to innovate upon these standards.
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As far back as 1983, Sweden adopted thermal insulation standards that made 50 to 60
kV*lh.M-2aýlthe permissible maximumheat loss for dwellings," which can be compared with
the current typical space heating requirement of a dwelling in the united Kingdom of 89
kWh.M-2a7'. In a comparison between the current Building Regulation requirement of
thermal performancefor the United Kingdom and Denmark and Sweden12reveals radically
different standards. These aresummarisedin the following table:

Element
Roof
Exposedwalls
Semi-exposed walls
andfloors
Floors
Windows, glazed
doorsandrooflights
Opaque doors and
hatches

(W.
U-Value

rrf2

K-)

UK

Denmark

Sweden

0.25
0.45

0.15
0.3

0.15
0.25

0.45

-

0.45

0.3

0.2

3.3

2.0

1.3

1.0

0.6

I

I

Comparisonof UnitedKingdom,Danishand Swedishthermal performanceregulations"

In terms of a wider perspective, these values can also be compared with two scenarios
proposed by the Canadian Residential Energy Efficiency Database, for minimum
recommended standardsand those for an energy efficient dwelling. These are summarised
in the table overleat.

Element

ý)
U-Value
(W.m,2-:
Min Recommended I

Energy Efficient

" Weizsacker, Ernst von, Amory B. Lovins; and L Hunter Lovins. Factor Four - Doubling Health,
Halving ResourceUse, London'.EarthscanPublications Limited, 1998, p. 13.
12SwedishBoard of Housing,Buildingand Planning. Building RegulationsBBR 94 - BF3 1993:57 Mth
BFS 1995:17, BFS 1995:65, Boverket, 1995.
Amendments
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Bell,
Op. Cit.
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Roof

0.14

0.09

Walls above ground

0.29

0.14

Exposedcantilever

0.20

0.14

Floorsover unheatedspaces

0.29

0.14

Basementwalls
Basementfloors

0.48

0.29

0.56

0.56

Comparisonof MinimumRecommendedand Energy EfficientU-valUeS14

Lowe and Bell conducted a comparative analysis of the United Kingdom, Danish and
Swedish standards, in terms of consequent space heating requirements. The three
standardswere applied to the scenarioof atypical dwellinglocated in the north of England; a
50 percent reduction was produced with the Danish standards, whilst an 88 percent
reduction was produced by the Swedish standards. These diff erences are over and above
what could be accounted for by climaticdifferences between the three countries; the climate
of Denmarkis not significantlydifferent from that of some partsof the north of England. This
will clearly assist when proposing benchmark levels for the energy consumption due to
space heating for the 'house in paradise'. The value proposed should account for both the
reduction in energy consumption as a resultof the increasedthermal performance, and also
the increasedefficiency of the heating system, and other contributory benefits, such as the
contribution of solar warming; the value should be sufficient to ensure that it does not
encourage the use of inefficient appliances by being achieved solely through the higher
standardsof thermalperformance.
An additional consideration in terms of U-values, as identified by Lowe and Bell, is the
distinction between the thermal performanceof the element at the design stage, to which
the Building Regulations apply, and the actual thermal performance of the element once
built. The latter can be severely compromised through poor quality construction. This may
be due to a lackof care or a lackof understanding of the technical issues involved.
in Sweden these potential discrepancies are accounted for through the application of
correction factors to the U-values determined at the design stage. For typical levels of
construction quality and supervision of site work the correction factor is 0.02 W.M-2.K-1,
where supervision and control is significantlyimproved the factor is 0.01 W.M-2. K-1.15In the
context of the level of the Swedish thermalperformance standards, this factor is significant,
14Residential Energy Efficiency Database,22 July 1999: www.its-canada.com/reed/index.htm
15Lowe, Robertand Wicolm Bell. Op. Cit.
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for example it is over 13 percentof the U-valuefor roofs of 0.15 W.M-2K".
.
The relationship between design element U-valuesand the actual performanceonce built,
asaffected by knowledge and quality, like airtightness which can be significantlyaffected by
build quality, demonstrates the importance of the relationship between the designer and
builder of the dwelling. This relationshipcan be significantlyinfluenced by the procurement
strategy adopted to deliver the dwelling. Therefore, the procurement strategy benchmark
will be greatly affected by the importance of achieving the correct relationship between the
relevant partieswho design, construct and maintainthe dwelling.
Danish Building Regulationsthe Elementaland Target value approaches are supplemented
by a maximum value permissible for the energy consumption arising from heating and
ventilation.
The comparative dwelling used to illustrate European best practice in the Energy
Consumption: Inhabitationbenchmarkwas the PassivHausin Darmstadt.Thiswasalso used
as the comparative dwelling in the Quality of the Internal Environment: Air Tightness
benchmark, as the energy consumption is so dependent upon the air tightness of the
dwelling. For this reason the PassivHausis identified here a comparativedwelling.
U-value(W.

Project
Passive Haus, Darmstadt

M-2

XI)

Roof

Wall

Window

Floor

0.09

0.14

0.7

0.16

Performanceof an exampleof Europeanbest practice in thermal performance

A more contemporary comparativecan be given by the low energy dwellings for the Expo
2000 in Hanover. The performance of these innovative dwellings provides a more
contemporary comparative of an urban dwelling project for 142 low-rise flats for 500
inhabitants.16This issurnmarisedin the following table.

Project

(W.
U-value

M-2

X-1)

WallT Window

16Bellew,Patrick and Jochen Kauschmann.'Hanover Fare', Building Services Journal, August 20oo,
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Expo 2000, Hanover

0.137

Performanceof an exampleof Europeanbest practice in thermal performance

In terms of glazing standards, the Swedish company Swedhouse UK, with manufacturing
sources in the United Kingdom, produce a triple-glazed widow with low emissivity coatings
with a U-value of 0.95 W.M-2. K-1.17A high performance window, with triple glazing, two lowemissivity coatings, an inert gas fill, such as argon, to the cavities, and a frame designed to
minimise conduction losses, will have awhole window U-value of approximately 0.8 W.M-2.K1.18Lowe reports of windows available in Canada with overall U-values between 0.73 and
0.90 W. M-2K*I. In terms of doors, the Swedish Ekstrands Ekodoor, a composite panel
insulated with aCFC-free foam, achieves all-valueof 0.55 W.M-2. W. 19
In the fifth drawn study, Allerton Bywater - Technology of the Dwelling, the U-value
performance was a significant improvement on United Kingdom standards. The values
achieved were approximately 0.14 W.m". K-for the waJIsand root elements.

of course increasing the level of insulation will have an effect on the overall embodied
energy of the dwelling, as measured by the Ecological Weight criterion. There will be an
optimum level at which measuressuch as adding increasingdepth to the insulation to the
skin will cease to have an beneficial effect of reducing heat loss over the additional
embodied energy and cost that is being added. Research has been conducted into optimal
thermal insulation has revealed that, on the basis of environmental consequences, for a
dwelling with a 100 year life spanthere is no immediaterisk of installingtoo much insulation.20

17Vale, Brenda and Robert. The AlewAutonornousHouse - Desýgnand Planning for Sustainability,
London:Thames& HudsonLimited,2000.
"'Residential Energy Efficiency Database. Op. Cit.
19Vale, Brendaand RobertOp. Cit.
20Lowe, R. J., J. S. Sturges and N. J. Hodgson. 'Energy Analysis and Optimal Insulation Thickness,'
procedures of 2nd international Conferenceon Buildings and the Environment,CSTB, 1997.
21CharteredInstitution of BuildingServices Engineers. Op. Cit.; and Departmentof the Environment
and the Welsh Office. Approved Document L, London: HMSO, 1995. Other sources to which
reference has been madeare: Anderson, B. R. 'U-values for Basements', IP14194,Watford: Building
Research Establishment, August 1994; Anderson, B. R. 'The U-value of Solid Ground Fk)ors with
Edge Insulation, IP7193,Watford: Building Research Establishment, April 1993; and Anderson, B. R,
'The U-value of Ground Floors: Application to Building Regulations, IP3190, Watford: Building
ResearchEstablishment,April 1990.
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Methodology of Assessment
The U-value is dependent upon the surface resistances of the element, the thermal
resistanceof acavity, if present, and the thickness and thermal conductivity of the materials
that makeup the element. Itcan be summarisedin essence by the following equation:
U value =1 /R,
where Rt

= sumofresistances

Rt
where Rgo
R,j
Rcav
thickness
)l

= R,, + (thickness/ X) + (thickness/ X) + etc + R,,, + Rj
= external surfaceresistance

= internalsurfaceresistance
= resistanceof the cavity
= thicknessof thematerial(m)
=thermalconductivityof material(W.m-1.K*')

Ingeneral this equation can be used for allelements. Howeverit will vary according to certain
situations such as timber frame structures, where there is a thermal bridge of the insulation
by the timber frame, and roof pitches, where the U-value is affected by the pitch of the roof.
Two principalsources can been used to derive the methodology of the U-valuecalculations;
these are Volume A of the COSE Guide, and PcV L of the Building Regulations.21
The thermalperformanceof atimber frame wallcan be derived from the following equation:12
R=1/ (Ft/ Rt)+ (Fj,./ R..)
where Ft=
Fý,
Rt =
RI,

fractionalareaof the stud =
stud thickness / stud centres
fractionalareaof insulation
1- Ft
resistanceof inner leaf through timber, derived by equation above
resistance of inner leaf through insulation, derived by equation
above

The resistanceof the outer leafcan be calculatedin the sameway I it another layer of timber
frame, or using the equation above if it is masonry. The total resistance of the wall can then
be derived from the following equation:
+ R,,, +

RA,

)

12Departmentof the Environmentand the WelshOffice. Approved DocumentL, London:HMSO,1995
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Two equations could be used to determine the ground floor U-value. The first is based on
the perimeter and surfaceareaof the floor, and is summarisedin Appendix C of Part L of the
Building Regulations. The other is more complex, and is dependent upon the length and
breadth of the floor, the thicknessof the surrounding waJIand the thermal conductivity of the
earth; this is surnmarisedin Volume A of the COSE Guide, and as a revised version in the
Building ResearchEstablishment'sInformationPaper IP319O.' However, a disadvantage of
thickness of 300 mm. Ina highly insulated
the former is that it is based upon an assumedwa,11
dwelling the external walls could be significantly thicker than that', for example, in Drawn
Study Four, the external walls are almost 700mmthick. This is likely to be relevant for the
'urban house in paradise', in which the benchmark targets for thermaJ insulation are
proposed to be high. An advantage of the latter equation is that it accounts for variation in
the wallthickness in determiningthe U-value. The significance of varying the wall thickness
on the U-value of the ground floor can be demonstrated by equating the value twice,
keeping aJlvariablesconstant except for the waJIthickness. The equation and valuesare:
Ur,, = (2xk, /bxn)ln(2xb+w/w)exp(b/2xi)
where, X,
b
I=
W

thermalconductivity of earth (1.4 W.m'l. K"l)
breadth of floor (6 m)
length of floor (10 m)
wallthickness (0.3 and 0.7 m)

This results in a U-valueof 0.74 W.m-2.W for a wallthickness of 300 mm, and 0.58 W.M-2X-1
for a wall thickness of 700 mm; this is a difference of 21 percent. With such a significant
variation,it would be imprudent not to account for wallthickness in the matrix;therefore the
latter of the two equations was used. The CIBSE Guide A provides a method of accounting
for insulation within the ground floor: this was aJsoadapted into the matrix.
Where the dwelling has a pitched roof, the angle of this pitch willaffect the U-value. Thiswas
accounted for within the matrixby adopting the formula proposed by the CIBSE Guide to
calculatethe U-valueof roofs, which is:
R13
Sum of resistancesRt = RAcoso+ Rcav+

where: RA=
Rs=
0=

Total resistancesat angle to plane of ceiling
Total resistancesin plane of ceiling (if applicable)
Angle of roof (0=0 if flat roof)

23Chartered Institution of Building Services Engineers.Op. Cit.; and Anderson. April 1990, Op. Cit.
The latter also contains a graph that shows the correlation between the two methods, which
5.2.01:
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Conclusions
The typical standardof the dwelling built by a national house builder is taken as the current
Building Regulations. The comparativestandardsof European best practice are based on a
reflection of all the standards above, in terms of identifying an innovative standardfor each
element. The benchmark of the 'urban house in paradise' is based on an innovation upon
these, but which is considered achievable.
Therefore, the proposed benchmark for the criterion of Thermal Performance, seen in the
context of the other comparativebenchmarksof the typical speculative dwelling, European
comparativeand DrawnStudy 4, is proposed in the table below:
Thermal Performance(kWh.m-'.a-')

Element

Typical UK

EuroComp

DrawnStudy 5

UH in P

0.25

0.09

0.14

0.08

External walls

0.45

0.14

0.14

0.12

Ground, exposedfloors

0.45

0.16

0.2

0.13

3.3

0.7

2.9

0.8

3.3

0.55

3.0

0.55

Roof

Windows, glazed doors
and roof lights
Opaque outer doors

I
1

I
1

Thermal Performancebenchmarkof the'urban house in paradise'

demonstrates that each is appropriateas the other in terms of accuracy.
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3.33 Use of Recycled Materials
The lifecycle of recycled materials is a continuous loop, as opposed to the linear nature of
the life span of non-recycled materials. One revolution of the loop, therefore, represents
one cycle of use of the materiaJ,before it is recycledfor another use. Thus we can think of
the life span of the 'urban house in paradise' as one cycle; at the start of the cycle the
maximum use must be made of recycled materials to prevent the depletion of the earth's
resources, and then one must ensure the maximum potential to recycle the materials at the
end of the revolution,to continue the circular pattern. The alternation of the linear life span
of materials to a cyclic one was identified in chapter 3.0, refer to volume 1, as a ambition of
the'urban house in paradise.
If the ideal sustainable dwelling is described as one which is built only of renewable
resources and consumes only renewable energy, then clearly there is a challenge to
benchmark the criterion of recyclability as high as possible, in order to maximise the use of
renewable resources.
The Second Law of Thermodynamicsstates that whenever a form of energy is converted
from one state to another, there is inefficiency and waste.' Therefore, there will always be
an embodied energy implicationin recycling materials. However, one could argue that as
this is, in effect, the extraction and processing of materials for the construction of a new
building, the embodied energy element of recycling materials should be attributed to the
next building in which they are to be used. There may need to be a qualitative benchmark
to this criteria, as the process of recycling may consume more energy than the processingof
raw material, but as recycled materials do not deplete natural resources, then it could well
be the preferable option for the 'urban house in paradise'. However, researchsuggests that
the energy embodied in recycled materials can be significantly less than that consumed in
the processing of virgin ore; this is demonstrated in the table overleaf. However, as the
recycling of materials still has an embodied energy implication,the direct reuse of materials
is preferable.

I Nelkon,Michael and Philip Parker. Advanced Leve/ Physics, Oxford: HeinemannEducationalBooks
Limited, 1987.
0
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Material

EnergyConsumedin Processing.(BTU.Ib 1)
Virgin ore

Recycledmaterial

% saved by recycling

8,300

4,400

47

Alurniniurn

134,700

5,000

96

Copper

25,900

2,150

92

Glass

7,800

7,200

8

Plastics

49,500

1,350

97

Newspaper

11,400

8,800

23

Steel

Energyconsumedby virgin and recycledprocessingfor common materialS2

There can be additionaladvantagesto the use of recycled materials;an example of this was
revealed during researchand testing by the Building ResearchEstablishmentinto the use of
recycled aggregatesin concrete beam and blockflooring, a material quite commonly used in
housing construction.

The research showed that the block components can be

manufactured using 75 percent recycled aggregates and still achieve adequate strength
levels; however, in addition was an improvement in the level thermal conductivity over
blocks with a lower percentageof recycled aggregate.3
It is importantto make the distinction between recycling and'down cycling.' In the latter, the
material is converted into a use of lower significance than it originally had. This can be
demonstrated by a Building Research Establishmentcase study of recycling waste from the
demolition of an existing building on the site of their new 'office of the future'; in this
example, the bricks of the original building had to be crushed to create hardcore, due to the
strengthof the mortar,as opposed to being reused as bricks.
In the recycling of deconstructionand demolition waste there may be a downgradingof the
use of the material, for example concrete which is ground to make hardcore or aggregate,
rather than being able to reuse that material for the same purpose, an example of which
could be timber flooring. Therefore, the potential for using recycled materials within the
'urban house in paradise' will not, by default, be the same mass or volume as the quantity of
materials that are recycled when a building is demolished.
2 Hayes, D. Repairs, Reuse, 'Recycling - First Steps Toward A Sustainable Society', Worldwatch
Paper23, Washington:WorldwatchInstitute,1978.

1:
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The EnvironmentalStandard assessmentof dwellings acknowledgedand awardedcredit for
the inclusionof recycled materials in new dwellingconstruction:4
credit is awarded for specifying timer frame construction, and credit for specifying
timber and timber products ... which are entirely either from well managed,
regulatedsources or of suitable reused timber.
credit for specifying at least 50 percent by volume of material in roof covering, such
as tiles or slates, to be from recycledor reused sources.
credit for specifying at least 50 percent by volume of masonry material (e.g. brick,
concrete block and stone) in walls to be from recycled or reused sources, and fit for
the purpose.
credit for specifying suitable uncontaminated demolition materials wherever
appropriate in fill and hardcore.

The reuse of material from demolition waste is discussed in part in Deconstruction and
Demolition:Recyclingof Materials,refer to Annexe 3.6. For urban dwelling projects, toward
which the thesis is predicated,the potential for existing, derelict or otherwise, buildingsto be
on a site is increased. On large scale sites and demolition waste that can be reused in a
similar role, can as a last resort be crushed on site and recycled into aggregatesfor the new
construction. On smaller sites the material may have to be removed from the site before
being crushed.
The reuse of materials such as brick and roofing slates or tiles may assist in fulfilling the
Contextual Significanceof the Site benchmark,refer to Annexe 3.5. The reuse of a material
on site have a very low embodied energy, which is particularlysignificant for materials such
as brick which has a very high embodied energy in comparison to other materials. The
embodied energy of the project will be reduced further by reducing the amount of material
that has to be exported from the site, even if it is reused or recycled elsewhere. Using
I Collins, R. J., D. J. Harris and W. Sparkes. 'Blocks With Recycled Aggregate: Beam and Block
Floors', InformationPaper, London:ConstructionResearchCommunicationsLimited, 1998.
4 Prior, J. J. and Paul B. Bartlett. EnvironmentalStandard - Homes for a Greener World,Garston:
Building ResearchEstablishment,1995.
0
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reused materials within the same site for the external face of the dwelling will enable it to
respond to the vernacular context of the site in terms of its materiality, it this is considered
appropriate.
As materials such as brick have high embodied energies,their reuse should be encouraged
through the matrix of benchmarks that defines the 'urban house in paradise'. This, as
describedpreviously, will also reduce the primary consumptionof natural resources, and the
consequent impacts that the mining, processingand transportationof those materials. The
philosophy of Factor Four proposes that the use of natural resources be reduced by 75
percent. This value provides a target through which to propose and advance on the level of
the use of reused or recycledmaterials that was advocatedby the EnvironmentalStandard.
In Drawn Study 5, it was proposed that wherever possible the materials from which the
dwelling is constructed would be from recycled sources. One of the decisions for using
concrete to create the thermal mass is that a proportion of the materials from which it is
composed,the aggregates,can be derived from recycledsources.
As the potential proportionof materialthat can be derived form recycled sources will vary for
different types of material, like the benchmark of recycled materials in the Environmental
Standardthe benchmarkfor the'urban house in paradise'will vary for different materials.
For example, a typical mix of concrete would be 1:2:4 cement : fine aggregate : coarse
aggregate. This is a ratio based on volume of material rather than mass. On the basis that
100 percent of the aggregate can be derived form recycled sources, then the ratio of the
volume of concrete that will be material derived from recycled sources could be as high as
1:7, or 85 percent. However, the reuse of timber would not be that high. Unlike brick,
timber cannot be crushed for reuse in aggregate if it cannot be reused directly. Therefore
proportion of timber that can be reused or recycled will not be as great. Cellulose fibre
insulation is available that is manufacturedfrom recycled newspaper and therefore is the
benchmark could be 100 percent for insulation, although that would dictate the use of
specific materials.
The benchmarks proposed for the 'urban house in paradise' are targets, and may not be
achievable in all situations. However, because they cannot be achieved on all sites should
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not mean that the benchmark is reduced, as the reuse of materials should be as great as
feasible on sites where the opportunitiesexist.

Methodology of Assessment
Although it was an ambition of the thesis to quantify all of the benchmarks in dimensional
terms, it is impossibleto predict a generic numericalvalue the quantity of materials that will
be in a dwelling, as the 'urban house in paradise'could be at once both a one person flat or
a four bedroom terraced dwelling. Therefore for the benchmarkof the quantity of material
that is to be reused or recycled, it will be necessary to use a percentage. Once this
benchmark is applied to a particulardwelling, or even dwellingtype, it can then be translated
into a quantitative value if necessary.
The level of materials in the dwelling to be derived from recycled or reused sources will be
quantified by a percentageof their volume. The percentagebenchmark can then be used to
establish a minimum target figure of the volume of material once the generic benchmark can
be applied to a specific dwelling or dwelling type. The benchmark can be assessed by
firstly, determining the quantity of material within its structure, and secondly establishing if
the benchmarkedproportionof that material has been derived from recycled sources.

Conclusion
The benchmark established by the EnvironmentalStandard sets an existing best practice
level on which to base the benchmark. The speculative dwelling will, typically, use no
recycled materials in its construction. As it has not been possible to establish any specific
comparative dwellings demonstrating best practice that innovate upon this, Factor Four is
used as the basis from which to propose a benchmark for the 'urban house in paradise'.
This will set a level of 75 percentof the use of reused and recycled materials.
Therefore the proposed benchmarks for the criterion of Use of Recycled Materials is
summarisedin the table overleaf, in the context of the comparativedwellings.
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Reusedor RecycledMaterial (percent)
Metal I Masonry Roofing Timber
Insul'n
Typical UK speculativedwelling
Europeancomparative:Envir'lStd
DrawnStudy: 5
The'urban house In paradise'

0

75

0

0

0

0

50

50

0

50

75

25

0

75

75

Other
0

75

Use of RecycledMaterialsbenchmarkfor the 'urban house in paradise'
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3.34 Use of Renewable Materials
This is a criterion that has close interrelation to that of Use of Recycled materials, refer to
Annexe 3.33. In situationswhere the use of reused or recycled materialsis not viable, then
primary rawmaterialswill have to be used. In a context of the continual depletion of the
earth's resources by unsustainabledevelopment, it is importantthat the matrixof the 'urban
house in paradise'ensures that where the use of primaryrawmaterialsis necessary,they are
from a renewable,and therefore sustainable,source. The only construction materialthat can
be derived from renewablesources is timber.
Deforestation has many environmental consequences. These include less availability of
plant life to sequester CO, which results in more C02 contributingto the greenhouse effect;
there is a loss of habitat and therefore, potentially, species biodiversity; soil erosion is
increasedfollowingthe felling of trees, which can in turn lead to increasedflooding.
The Building ResearchEstablishment'sEcoHomesassessmentof dwellings acknowledges
and awards credit for the inclusion of timber from a renewable source in new dwelling
construction -.'
credit is awarded for specifying timer frame construction, and credit for specifying
timber and timber products... which are entirely either from well managed, regulated
sources or of suitable reused timber.
A consequence of highlighting the advantagesof using timber in construction may increase
its use, This has many environmental benefits to sustainable construction. Timber is a
renewableand therefore sustainable source. The carbon storing effect of timber from wellmanaged sources will contribute to alleviatingthe greenhouse effect, and therefore global
warming,provided that the timber remains intact within the structure of the dwelling. For an
intermittently occupied dwelling timber has a rapid thermaJresponse, and also timber has
good insulating qualities and, as has been demonstrated by precedent, timber frame
structures can have good airtightness, both of which can lower the energy consumption of
the dwelling.
The management of the source of renewably forested timber should also be considered.
The planting of single species of trees does not encourage biodiversity, and therefore can
result in forests with low ecologicalvalue. However, the use of timber from managed sources
I Rao, Susheel, Alan Yates, Deborah Brownhilland Nigel Howard. EcoHomes- The Environmental
Ratingfor Homes,London: ConstructionResearchCommunicationsLimited, 2000.
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will contribute to arrestingthe loss of species biodiversityelsewhere.
The EcoHomes assessment can be used as an indicator of best practice, as a specific
comparativehas not been determined. The benchmark can be interpreted that all of the
timber within the dwelling that is not from a reused source should be from a renewableone.
The proportion of timber that should be provided through renewable sources will be
informed by the remainderof the totalthat is not derived from reused or recycled sources. In
this way, no timber used in the 'urban house in paradise' will contribute to a reduction of the
planet's forests. The value proposed for the level of timber to be derived from reused or
recycled sources is 25 percent; therefore the benchmark for the use of timber from
renewable sources is 100 percent of the remainder.

Methodology of Assessment
As for the Use of Recycled Materials benchmark, it is impossible to predict a generic
numericalvalue the quantity of materialsthat will be in a dwelling, as the 'urban house in
paradise' could be at once both a one person flat or a four bedroom terraced dwelling.
Therefore for the benchmark will be quantified as a percentage. Once this benchmark is
applied to a particular dwelling, or even dwelling type, it can then be translated into a
quantitativevalue if necessary.
The level of materialsin the dwellingto be derived from renewable sources will be quantified
as a percentage of their volume. The percentage benchmark can then be used to establish
a minimum target figure of the volume of material once the generic benchmark can be
applied to a specific dwelling or dwelling type. Therefore the benchmarkcan be assessed by
firstly, determining the quantity of materialwithin its structure, and secondly establishing if
the benchmarked proportion of that materialhas been derived from renewablesources.

Conclusion
The benchmark established by the EcoHomes assessment sets an existing best practice
level on which to base the benchmark.As this demands that all of the timber used within the
dwelling be derived from certifiable renewable sources, A is not possible to benchmark an
improvement. Therefore the proposed benchmarks for the criterion of Use of Recycled
Materialsis summarisedin the table overleaf, in the context of the comparativedwellings.

use of renewablematedals-5.2.0
1:

Timberfrom RenewableSource (percent)
Typical UKspeculative dwelling

0

Europeancomparative: EcoHomes
DrawnStudy: 5

100

The 'urban house In piradise'

100

Use of RenewableMaterialsbenchmarkfor the 'urban house in paradise'
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3.35 Utillsation

of Local Resources

Sustainabilityextends beyond the boundaries of just ecology; it also encompasses social
and economic dimensions. The utilisationof localresources in the construction of the 'urban
house in paradise'is one criterionthat will reflect this.
Different modes of transport consume various levels of energy per unit mass of material
transported, with corresponding varying levels of emissions. For example Bairdgives a value
of 1.25 kWh per tonne per kilometre for roadtransport, comparedto 0.17 kWh per tonne per
kilometre for rail.' The consequent emissions arising from different modes of transport is
shown in the following table.
EmissionType
Carbondioxide
carbon mono)dde
Hydrocarbons
Nitrogendioxide
Parficulatematter
Sulphurdioxide

EmissionsbyM

0.39

ofTransport(gll. km)
Rail
Water
102
33
0.02
0.11
0.01
0.05
1.01
2-26
U 1
7M-

0.20

0.07

Road
211
0.90
0.68
2.97

0.04

Pollution Emissionsby DifferentModesof Transport

Transportation can account for a significant proportion of the overall embodied energy
2
content of materials.For example, if atypical brick weighs 2.45 kg, the transportation of one
brick by lorry over one kilometre, based on Barid's value above, will require 0.03 kWh of
energy. Ifthe embodied energy content of brick, which accounts for the energy used in the
3

production and not transportation of materials,is 1.2 kWh.kg-" the embodied energy of a
single brick will be 2.94 kWh. To transport one tonne of bricks over one kilometre will
consume 1.25 kWh of energy; the embodied energy used in the production of these 408
brickswill be 1,199.5 kWh. Therefore if the bricks are transported over 960 kilometres the
energy used in transportation will equal that used in their production. To put this another
way, if the bricks aretransported 240 kilometres,the overall embodied energy of the brick will
' These values are based upon transportation in the United States of America, but are valid for
demonstrationof relative energy consumption between different modes of transport. Baird, G. 'The
Energy Requirements and Environmental impacts of Building Materials' in Dawson, A. led. )
Architectural Science: Its Influence on the Built Environment,Geelong: DeakinUniversity, 1994.
2This is based on the assumptionthat brick has a density of 1,750 kg.M,3 and a volume Of 0.0013975
rrý, fromthe dimensions 100 by 215 by 65 mm.
3 Szokolay, S. V. EnvironmentalScience Handbook,London:The Construction Press, 1980.
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be increased by a quarter; if the lorry transporting the bricks retums empty, the effective
distance between the brickworks and site need only be 120 kilometres, or 75 miles, to
increase the embodied energy of the bricks by 25 percent.4
Therefore using local materials,provided that they fulfillthe other criteria of the 'urban house
in paradise' governing the sustainability of materials to be used in the dwelling, will help
reduce overall embodied energy content, and therefore emissions arising from
transportation also. Research currently being conducted by the Building Research
Establishment suggests that the energy consumption and consequent emissions of site
workers travelling to and from site can have a significant impact on the overall embodied
energy of a building.' However, resources go beyond only the matedal;whilst using local
materialswill contribute to the local economy, the utilisation of human resources will also
benefit both socialand economic sustainability.
As identified this must not be at the expense of other benchmarks within the matrix,
especially those with a higher significance rating. For example, whilst the use of local
materials might initially seem advantageous, there may be more serious ecological
disadvantages that outweigh any benefits if, say, the processes of extracting the locally
sourced materialsare particularlyenergy intensive, or have other serious ecologicalimpacts.
Speculative house builders quite frequently use local human resources for at least part of
the construction process. Through procuring the construction using a large number of
subcontractors, companies are often used that are local to a specific project. In the
Millennium Community at Allerton Bywater it was a specific intention of the winning
submission,an therefore DrawnStudy Three which was developed as a part of that project,
that where possible the construction would ustilise local personnel; this was specifically
orientated toward training.
A quantitative value as to what constitutes 'local'could be derived from the Beddington Zero
Emissions Development, or Bedzed, in the London Borough of Sutton. Designed by the
architect Bill Dunster for the Peabody Trust, this solar 'urban village' includes 100 houses
and over 200 workspaces. A proviso was established that all materialsused to construct the
building should be sourced from within 35 miles of the site.' This value sets a benchmark for
4The methodology used in this analysis is based upon one in Vale, Brenda and Robert. The ALow
Autonorwus House - Deson and Planning for Sustainability, London: Thames & Hudson Limited,
2000.
Personal communicationwith Suzy Edwards of the Sustainable Construction unit of the Building
ResearchEstablishment,5 October 2000.
Hartman,Hattie. 'Eco Soundings',Building Design,23 June 2000.
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the location of the source of materialsused to construct the 'urban house in paradise'.

Methodology of Assessment
The benchmarkcould be established in the form of a qualitative response to whether or not
sufficient consideration has been given to maximising the use of local resources. For
example, have allmaterialsused in the construction of the dwelling been derived from local
sources? Also, has the project maximised, where appropriate, the use of local human
resources? However, this does not substantiate what is defined by the term 'local'.
Furthermore,it is a specific ambitionof the thesis to quantify the benchmarks in dimensional
terms.
Alternatively, a value could be proposed from within which materialand human resources
should be derived; this would limit the implicationof transport use, with consequent energy
consumption and pollution. For example, a value of 45 kilometres would constitute an
innovation upon the benchmark proposed by the Bedzed.

Conclusions
Therefore, the values for the benchmarks of Utilisation of Local Resources for the 'urban
house in paradise', seen in the context of the other comparativebenchmarksof the typical
speculative dwelling, European comparative of best practice and Drawn Study 3, is
proposed in the table below:
Utilisationof Local Resources
Typical UK speculative dwelling
European comparative: Bedzed
Drawn Study: 4
The 'urban

house

In paradise'

Materials

Human Resources

56

Yes
Unknown

-

Yes

45

45

Utilisationof Local Resourcesbenchmarkfor the 'urban house in paradise'
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3.36 Water Consumption:

Construction

In 1995 approximately 17,500 million litres of water were abstracted each day to supply the
public in England and Wales.' The domestic consumption of water in the United Kingdom is
approximately 160 of the per capita national consumption of 570 litres,per person per day.
Water, like other naturally occurring materials, is a finite resource, and not available in
unlimited quantity. Energy is required to treat and provide it, and to treat the subsequent
wastewater, all of which has a consequent impact through fossil fuel consumption and
emissions.
Water in used in manysituations in the construction industry. For example, the manufacture
of I tonne of cement requires3,000 litres of water, and the manufactureof 1 tonne of steel
consumes 300,000 litres. Building materialsalso consume similarlylarge quantities of water;
for example cement requires approximately3,600 litres of water per tonne of dry cement
powder. For the purposes of quality, the water used in these materials is mains water, of
drinkable quality. The purificationand deliveryof this waterconsumes energy, and therefore
fos-silfuels, and creates pollution emissionS.2
Standard values of the ratio of water to cement, for example, can be used to determine the
quantity of water consumed in producing the materials that are used to construct a dwelling. 3
The volume of concrete in the ground floor slab can be established, and the ratio of water to
cement in a typical mix can be used to establish the quantity of water in the Slab. This
process was conducted to establish the quantity of water used in the construction of a typical
3 bedroom semi-detached house; insufficient data was available to establish the quantity of
water used in the production of aJIthe building materials, such as in the manufacture of
bricks, therefore the study was restricted to the on site processes. It was determined that
the construction of the envelope of the dwelling consumed approximately 2,863 litres of
water, or 34.1 1.m-2-

The increased prefabricationand emphasis on rapid construction, by organisations such as
the Movement for Innovationand Construction Best Practice Programme, is perceived as
achievable in part through reducing the amount of wet trades. If the external walls of the
typical dwelling considered above were built in a prefabricated material that consumed no

I Rao, Susheel, Alan Yates, DeborahBrownhilland Nigel Howard. Ecol-lomes - The Environmental
Ratingfor Homes, London:ConstructionResearchCommunicationsLimited,2000.
2 Shouler, M. C. and J. Hall. Water Conservation, Garston: Building Research Establishment,
November1998.
3Chudley, R. Building ConstructionHandbook,Oxford: Newnes, 1988.
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water in its construction on site, such as a double skin of timber frame clad in weather
boarding,the consumption of waterwould be reduced to 1,174 litres, or 13.9 Lm-2.
The consumption of waterthat would be used on site in the construction of DrawnStudy 4
was calculated using the same methodology. The quantity was determined as 948.9 litres,
or 9.5 I.M-2. This reduction was primarilydue to the use of epoxy bonding in the construction
of the walls.
The philosophy of FactorFour proposes that the use of natural resources be reduced by 75
percent. This ambition can be used as a target through which to propose and advance on
the level of water consumed in the construction of atypical dwelling. If the typical level is
taken as 34.1 1.m-2,as established above, this would equate to a benchmark of 8.5 I.M-2.
A disadvantage of the reduction of wet trades is that achieving a very airtight structure may
prove more difficult. The Vales used wet trades within their Southwell to create airtight walls
and floors. However, it has been proven that timber frame can achieve very high standards
of airtightness. 4

Methodology of Assessment
The assessmentagainstthe benchmarkwillbe based on the quantity of water consumed in
the construction of the dwelling on site. Due to limited information, it has not proved
possible to determine the quantity of water that is consumed in the production of a
sufficiently wide range of building materialsto include the water consumed in the production
of materialsbefore they arrive at site. Should such informationbe determined, for example in
further research,this could be integrated into the assessment.
The overall quantity of water can be determined through calculating the volume of the
relevant materials,such as mortaror cement, and using the specified mix to determine the
proportion of waterwithin that material. The volume of water can be converted into a litre in
figures, as I M3Of water equates to 1,000 litres. Dividing the total quantity of water by the
total net floor areawillestablish the benchmarkperformance.

4 BRECSU. 'Review of Ultra Low Energy Homes -A Series of UK and Overseas Profiles,, General
InformationReportNumber38, London: HMSO,February1996.
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Conclusions
Therefore, the proposed value of the benchmark of Water Consumption: Construction for
the 'urban house in paradise',in the context of the comparativestandards, is summarisedin
the table below. Due to limited data availableon this criterion, it was not possible to cite a
comparativedwelling that demonstrates Europeanbest practice.
Water Consumption

Typical UK speculativedwelling

34.1

Europeancomparative:
DrawnStudy: 5

9.5

The'urban

8.5

house In paradise'

(l. m, 2)

Water Consumption:Constructionbenchmarkfor the 'urban house in paradise'
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3.37 Water Consumption:

Inhabitation

Inthe United Kingdom, the meanwater usagefor domestic purposes is 160 litres;per person
per day.' This figure can be broken down to demonstrate to what proportion the various
functions of habitation contribute to this value, which will assist in determining where the
greatest savings maypotentially be achieved:
Percentageof total use

Litres per person per day

General usage

35

56

Flushingtoilet

32

51

Baths and showers

17

27

Washingmachines
Outdooruse

12

19

3

5

Dishwashing

1

2

100

160

Function

Tota 1

Domesticwater consumption, by function

This total consumption follows an 88 percent increase in household water use over the last
3
36 years. The trend of increasinguse is predicted to continue, at a rate between 10 and 20
percent between 1990 and 2021; this is assuming a scenario of a medium growth without
accounting for effects due to climatechange. The predominant cause is due to an increase
in dishwashersand other domestic appliances.4 Ifthe potential effects of climatechange are
taken into account, in domestic use this will primarily have an impact through increased
frequency of showers and garden watering; the predicted rise will increase by a further 4
percent.' Another factor for increases in water use is demographic change, due to the
decreasing occupation densities of dwellings. As the number of occupants per dwelling
decreases, the waterconsumption for each inhabitantwithin that dwelling increases.'
The solution to this increasedconsumption, as well as the increasing shortages of water in
the south and east, could be provided through increasingthe capacityof supply through, for
'The Water Services Association. Waterfacts '97,London: MA, 1998.
2 Percentagefigures suppliedby North West Water.
3The Water Services Association. Op. Cit.
4 Roaf, Dr Susan and Dr Peter Spilleft, in Roaf, Dr Susan and Vivien Walker (eds). 21AD : WaW
Oxford: Oxford Brookes University, 1997.
Departmentof the Environment. Reviewof the Potential Effects of Climate Change in the United
Kingdom,London: HMSO,1996.
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example building new reservoirs,or by reducing consumption. However, building reservoirs
is expensive, and can have significant impacts upon the environment, including habitat
destruction. Furthermore, it should also be borne in mind that water, like other naturally
occurring materials,is atinite resource,and not availablein unlimitedquantity.
For the water consumption of a family of four, of around 600 litres per day, 120 kWh of
energy is required per year to provide it, and 100 kWh per year to treat the subsequent
wastewater. Generatingthis energy releases 200 kg ofC02into the atmosphere each year.'
In addition to this will be the energy consumption, and resultant emissions, of the energy
used to heat the water within the dwelling. Therefore, water conservation will not only
contribute to the reduction of a resource use, but alsoto a reduction in energy consumption
and emissionsboth in supplying the potable water, heating it within the dwelling and removal
as sewage.
To a significant extent water consumption is affected by the usage patterns of the
inhabitants themselves, and savings in this respect would be achieved through
communicatingthe value of water conservation, both in economic and ecological respects.
However, measurescan be taken in the design and specification of the dwelling to ensure a
degree of waterconservation over current levels of consumption.
For example, the United States National Plumbing Standards, which went into effect in
1992, cut the typical mean American use figure of 303 litres per person per day by 35
percent, to approximately197 litres per person per day. This is the reduction that would be
achieved through fitting the most inefficient plumbing fittings permitted under the
Standards, for example a 5.7 litres per flush toilet, and a 9.5 litres per minute showerhead
and taps."
From the above it is evident that significantsavings can be achieved through increasing the
efficiency of toilets, taps and showers, as these fittings relate to the functions that are the
second and third greatestconsumersof water. In addition, more efficient taps will also assist
in reducing the consumption level of general usage which the largest category of
consumption from, for example,washing food.

" Griggs, J. C., M. C. Shoulerand J. Hall. 'Water Conservationand the Built Environment,' in Roaf, Dr
Susan and Vivien Walker(eds). 21AD: Water,Oxford Brookes University, 1997.
Shouler, M. C. and J. Hall. Water Conservation, Garston: Building Research Establishment,
November1998.
1Weizsacker, Ernst von, AmoryB. Lovins and L HunterLovins. Factor Four - DoublingHealth, Halving
Resource Use, London: Earthscan PublicationsLimited, 1998.
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Water Bylaws state that from the beginning of 1989, all new \A/Cinstallations must have a
maximumcapacityof 7.5 litres per flush." If this were a Swedish 3.0 litre per flush model,10
the saving would be approximately60 percent, or 63.6 litres per household per day. These
Bylaws are currently under review, under recommendations by the Water Regulations
Advisory Committee,that include the reduction of the maximumflush to 6 litres."
The Environmental Standard awardscredit for Ms with a maximumflushing capacity of 6
litres;per flush or less, or for the inclusion of a rainwaterbutt with a maximumcapacity of 350
litres, and a minimumof 60 litres per dwelling. It also acknowledgesthat a well-designed WC
can operate at a capacityas low as 3.5 litres.
In the EcoHomes assessment of dwellings this was updated to include specific levels of
consumption, based upon the number of bedrooms within the dwelling. The most
inefficient standardthat would receive a credit was 45 M3per bedroom per annum, and the
most efficient standardwas proposed as 25 M3per bedroom per annum.12These values can
be converted, using an assumed occupancy per bedroom of 1.5 people, to 82 litres per
person per day and 45 litresperson per day.13
The typical discharge rate for a conventional showerhead and is between 0,3 and 0.5 litres
per second; a low-flow rate shower can reduce this to below 0.2 litres per second. The
Building ResearchEstablishmentInformationPaper /P 1/87provides figures on the average
number of baths and showerstaken per person per week in the United Kingdom, of 1.6 per
person per week. Figuresare also provided for the averagewater consumption per bath and
shower, of 90 litres per bath and 21 litres per shower."'
If the typical shower consumes 21 litres of water at a mean flow rate of 0.4 litres per second,
then fitting alow-flow rate shower of 0.2 litres per second will mean that the typical shower will
consume 10.5 litres of water. GIR53 recommends the use of aerating taps for use in basins
and shower to cut down water demand, with a flow rate of 0.1 litres per second; ` this would
equate to a consumption per shower of approximately 5.3 litres. If showers and baths are
" Departmentof the Environment. UKModel WaterBylaws (1986), London: HMSO,1986.
'0 Flush capacity of Ifo Aqua wc, in Vale, Brenda and Robert. The AfewAutonornousHouse Design
and Planningfor Sustainability, London:Thames& HudsonLimited, 2000.
C.
Shouler.
" Griggs, J. C., N. J. Pitts, J. Hailand M.
Water Conservation: A Guide for Deson of LowFlush Ms, Garston: BuildingResearchEstablishment,August 1997.
12Rao, Susheel, Alan Yates, Deborah Brownhilland Nigel Howard. Ecohlomes- The Environmental
Ratingfor Homes,London: ConstructionResearchCommunicationsLimited,2000.
111 ml of water equates to 1,000litres.
14 Building Research Establishment Information Paper IP 1187, Garston: Building Research
Establishment, 1987.

inhabitation-5.2.01:ý
waterconsumption:

taken on average 1.6 times per person week, this would lead to a consumption of 8.4 litres
per person per week for cleansing. However, it has been demonstrated that households
with showers use them more often than households without showers will take baths. If,
therefore, to be prudent one assumesthat each person takes a shower each day, then the
consumption willbe 5.3 litres per day.
The'Min-Use shower, first marketed in the early 1980s in the United States, demonstrated
the savings that can be achieved through the highly efficient design of sanitary fittings.
Based on the concept of Buckminster Fuller's mist showers that were developed for
submarines, the 'Min-Use' shower's 0.03 litre per second spray is propelled by a stream of
low-pressure wwm air."' This flow rate is 21 percent that of the conventional 0.2 litre per
second low flow-rate shower head of the standard United Kingdom fitting, a reduction of 79
percent, or, potentially, 44.5 litres per day 0 showers are always taken and never baths. In
addition, the 'Min-Use' consumed only 1 to 2 percent as much electricity in running the
blower over heating less water. Other research in the United States has shown that the use
of low-volume showerheads can save approximately 27 litres per person per day; this
equates to a hot water energy saving of 444 kWh per person per year for water heated by
17
gas, or 388 kWh per person per year for water heated by electricity.

The Vales, in their prediction of the water consumption at their house in Southwell,
Nottinghamshire,estimatedthe waterconsumption from showering. This was based upon a
flow rate of 6 litres per minutelaand a duration of 4 minutes; they also assumed one shower
per person per day resulting in aconsumption of 24 litres per person per day for cleansing.19
A shortcoming of this analysis,which was the total value proposed for personal hygiene, is
that it made no account of the water consumed through cleansing such as face or hair
washing in a sink and hand washing in a sink, including that after using the WC. This was
rectified in the Vales' analysismade afterthe dwelling had been inhabited for five years. The
consumption from showering proved to be significantly less, with the average rate being
three showers per day, asopposed to the predicted five. The water consumed per shower
was measuredat 15.7 litres, including any run off of cold waterat the start. The revised value
is given as 4 showersof 20 litres per person per day. The value proposed for the occasional

15 BRECSU. 'Building a Sustainable Future - Homes for an Autonomous Community,' General
Information Report53, London: ConstructionResearchCommunicationsLimited, October 1998.
Weizsacker, Ernst von, AmoryB. Lovins and L. HunterLovins. Op. Cit.
Shouler, M. C. and J. Hall. Op. Cit.
This value is based upon the minimum flow rate that could be achieved Vvitha conventional
showerheadfitted witha flow restrictor.
"' Vale, Brenda and Robert. The NewAutonomous House - Desýgnand Planning for Sustainabifity,
London:Thames& HudsonLimited,2000.
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use of hand basinsis 5 litres per person per day.20
The rate of the flow of water through taps can also be reduced to minimise overall
consumption. Aerating taps, as recommended by GIR 53 can be used on basins, with a
maximum flow rate of 0.1 litres per second, asopposed to 0.2 litres per second for a standard

tap. The maximumdischargeratefor a spraytap basin is 0.06 litres per minute,21
The consumption of water through washing dishes can also be predicted. The Vales
suggest a value based on two washes per day with a five litre capacity washing up bowl. In
their five-person dwelling this results in a consumption of 2 litres per person per day; this
value is substantiated by that of the Water Services Association data, summarised in the
table at the beginning of this Annexe.21 The increase in domestic appliances, such as
dishwashers, has already been cited as a cause of the increase in domestic water
consumption. If atypical dishwasherconsumes 17 litres per wash,23and if one assumes the
mean occupancy of a dwelling of 2.4, this 8 place setting appliance would be used every
3.33 days; this would equate to aconsumption of 2.13 litres per person per day. This shows
aslight increase in the per capitaconsumption.
Low water use washing machines and dishwashers could both contribute to reducing
existing consumption levels and future increases. Researchsuggests that these could save
3.8 and 6.4 litres of water per day per capitarespectively.241-lowever,
the matrixof the 'urban
house in paradise' cannot ensure that its inhabitants purchase such an appliance. An
alternative,depending upon the procurement and ownership of the dwelling, might be to
arrangefavorable leasing agreements or their purchase at the time of the purchase of the
dwelling to encourage their use.
The Vales make a prediction for the consumption of water by washing machines, of 6 litres
per person per day. This value is based on their empiricalanalysisof the water consumption
of a number of washing machines. The mean value is 97 litres per wash, although the value
used in their prediction is 70 litres per wash. This value is then multiplied by three washes
per week, and divided acrossthe five occupants of the dwelling, to give a consumption of 6
litres per person per day.' This figure could be adapted into a more generalised scenario, as
this is based on an occupancyof five people per dwelling. If one assumes that for the mean
20

Ibid.
2' BRE Housing DesignHandbook,Garston: Building ResearchEstablishment, 1988.
22Vale, Brendaand Robert. Op. Cit.
23Manufacturer'sdata for Tricity Bendix DH086'EcoSave' dishwasher.
24Griggs, J. C., M. C. Shouler and J. Hall. Op. Cit.
25Vale, Brendaand Robert. Op. Cit.
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occupancy of 2.4 people per dwelling,2 washes per week are made, this would equate to a
per capita consumption of 8.3 litres per day.
Whilstthere are precedents in existence, the use of greywater recycling within the dwelling
is still relatively new; the Building Research Establishment is currently assessing the
implicationsto health and hygiene of the use of grey water within dwellings. For example,
the reuse of wastewaterfrom baths, sinks and basinsto flush VVCsmay have a detrimental
effect on the cistern. However, the use of rainwatercould have significant effects on the
reduction in delivered waterconsumption. For example, Factor Four projects that delivered
water supplies could be cut by 90 percent through using rainwaterfor all fixtures with the
exception of taps.26In an urban context, however, there maybe limitationson the available
roof space for run-off collection, and the space requirements for the storage of water for
during drier seasons is likely to have an impact. For example, for a four person dwelling
designed by the Vales to have sufficient supply, the storage capacity was 25,000 litres.27
This equates to storage per person of 6,250 litres, which may prove to create significant
design challenges for urban housing design in high density locations.
For example, if the overall consumption benchmark of consumption is 160 litres;per person
per day is achieved,for a mean household size of 2.4 people, the area of collecting surfaces
required to fulfil this demand with rainwater can be determined using the following
equation:'
Area (mý =
where,

(xx nx 365.25) / (rx 0.66)
x= daily waterconsumption per person (1-p-'.d-1)
n= number of inhabitants in the dwelling
r= annualrainfall(for example 950 mm)

This gives a roof areaof 212.5 M2;this can be seen in comparisonto the roof area of a typical
3 bedroom semi-detached dwelling, which is in the region of 49 ml. If, however, the
consumption is substantiallyreduced, whichthe benchmarkof the Iurban house in paradise'
will aimto achieve, then the required areawill not be this high. However,in GIR 53, the Vales
envisage that additional collection surfaces may be required in addition to the roof for an
autonomous dwelling, based upon the standard plan and area of a typical housing
associationdwelling.
11Weizsacker, Ernst von, Amory B. Lovins and L. Hunter Lovins. Op. Cit.
27BRESCU. Op. Cit,

26Derived from Vale, Brenda and Robert. The Autonomous House - Des4n and Planning for SeffSufficiency, London: Thamesand Hudson, 1975.
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In terms of benchmark reductions, as water is a resource, Factor Four philosophy would
demand a reduction of current typical consumption of 160 litres per person per day by 75
percent, which would equate to anew consumption level of 40 litres per person per day. GIR
53 proposes that an autonomous dwelling with full rainwater storage would have a
consumption level of 34 litres per person per day; allowing for a water-flushed, as opposed
to composting, VVCsthe consumption would be less than a third of the conventional level,
and therefore less than 54 litres per person per day.

This vale is also borne out by the Vales analysisof the consumption of their dwelling in
Southwell, both for the design and occupied analysis. This is summarisedin the following
table:21
Consumption(I.p*'.d*')
Designprediction
Occupied

Function
Drinkingand cooking

5

5

Flushingtoilet

0

0

Personal hygiene(showers)

26

16

Personal hygiene(washing)

5

Washingmachines

6

6

Dishwashing

2

2

Total

39

34

Designpredictionand actual consumptionof water for Vale'sdwelling Southwell

This value discounts the consumption from outdoor use, based on the assumption that
wastewaterfrom the dwelling, which is disposed of through a soakawayinto the site, would
be used for this purpose. Because the system is fully autonomous, no account has to be
madefor losses arisingwithin the mainssystem.
The Vales'dwelling is an example of one for which allof the consumption demands are meet
from rainwatercollection. The areaof collecting surfaces is large, at 142 M2 including the
conservatory. However, the rainfallin Nottinghamshireis relatively low, and the dwelling has
never approached running out of stored water, the capacity for which is 30,000 litres, or
6,000 litres per person, stored in the basement. The Vale's attribute the ability to harvest all
of the dwelling's requirements from rainwaterto the very low consumption rate of the five
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people who inhabited the dwelling.
The submissionof the first MillenniumCommunitiesCompetition at Greenwich, designed by
the Swedish-based architect Ralph Erskine (1914- ) and the British architects Hunt
Thompson, proposed a reduction of water demandby 30 percent. The GMVteam proposed
avalue of the typicalwater consumption by households in the United Kingdom, in order that
they could measurethe success of their reduction measures;this value was also 160 litres
per person per day.30Their benchmarkreduction would equate to a new consumption level
of 97 litres per person per day. Such a cut in demand was envisaged for 25 percent of the
units, those that are individualdwellings, is generated through the recycling of greywater
from bath and washhand basinsfor VVCflushing, and rainwatercollection for external use.
One scenario that could be developed to benchmarkthe level of consumption of the 'urban
house in paradise'is assumingthe use of stored rainwaterfor external use, clothes washing
and VVCflushing, or uses that can be identified as not using any taps, in response to the
issue of health and hygiene. This would reduce daily consumption by a total of 47 percent,
or 75.2 litres per person per day. Furthermore external use is likely to be lower in urban
areas, due to the higher density of dwellings and reduced garden area, if gardens are
present, and also through reduced car ownership leading to less waterused for car washing.
The proposals by the Llewelyn-Davisdensity matrix, refer to Annexe 3.8, for parking
provision in urban areas is between 1.5 and less than 1 space per dwelling, as opposed to
the current typical suburban provisionof 2 spacesper dwelling.31
Another methodology of benchmarking would be to take the figure of the daily level of
human consumption, which has the highest need for purity, and use this to determine a
benchmark for mains supply to the dwelling. A second benchmark can be created for the
consumption for other uses that is supplied by grey and rain water sources. As the
secondary uses that consume grey and rain water could be described as consuming a
renewablesource, it is stillimportant to benchmark the rate of consumption at an innovative
level; in addition, cutting down the rate of consumption would also cut down the need for
storage. If, at a later date, sufficient confidence is gained in the use of rainwaterfor human
consumption for it to be included by house builders and housing associations in their
dwellings, and the issue of storage has not proved to be problematic, then the two
benchmarkscan be combined into one that demands the full supply to be provided by grey
29Compliedusingdata in Vale, Brendaand Robert. Op. Cit.
30English Partnerships. GreensvichMlennium Village: Draft Benchmarking Manuel: Energy, Water
Consumptionand ConstructionalEfficiency Targets (second draft), unpublished,5 wy 1999.
31Hattersley, Lia. 'Density FormulaPacks Them In,' Building Design,18 July 1999.
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and rain watersources.
Research suggests that without extensive filtration and purification, grey water use in
domestic situations would be best limitedto \AC flushing; even so, filtering and purifying will
have to take place, because of potential accidental contact with VVCwater from children and
pets drinking water in the bowl.,12If, therefore, grey water use within the 'urban house in
paradise'is limitedto VVCflushing,it is importantto ensure that the benchmarked reductions
of functions that supply grey water to the WC, for example showers and basins, will still
provide sufficient water to fulfill the needs of the benchmarked WC consumption. Should
this fall below the level of VVCuse, it can be backed up by rainwater,providing that sufficient
storage is availablefor rainwater. Research has shown that under current use patterns, on
average42 percent of allwater supplied to a property is discharged as grey water, and toilet
flushing accounts for 34 percent, and therefore the systemis viable.33
Composting toilets can further reduce the benchmark of water consumption. Whilst not
contributing to afurther reduction of waterconsumption, asthey are replacing a function that
would use a recycled supply, they could facilitate further reductions in other uses.
Composting toilets could be used irrespective of the provision of grey water by other
functions within the dwelling, and therefore allowthem to be benchmarked below the level
of WCdemand, whilst not increasingthe demand on rainwaterstorage for aback up supply
to the WC. Also, composting toilets will reduce the wastewateroutput of the dwelling, and
therefore contribute to further reduction in energy consumption and consequent emissions,
created by sewage processing, and also pollution associated with sewage disposal. They
will, however, be subject to acustomer acceptanceif they are to be used in speculative and
social housing projects. Research has been undertaken into the potential acceptability by
the public of water savingproducts and techniques, 34full composting toilets were rated with
an acceptabilityof three out of five, or'reasonable. '
Ifthe notion of using compostingtoilets is considered too innovative an alternativevalue can
be used based on a low flush toilet. The 51 litres per person per day used to for VVCsin the
table atthe start of this Annexe can be used to conclude that if an averageflush is assumed
to be 7.5 litres, as became regulatory in 1989, the average number of flushes is 6.8 per
person each day, Therefore a3.0 litre low flush toilet would consume 20.4 litres per person
per day. An afternativeto this would be to use the grey water from the showers, sinks and
32Hill, Matthew. 'Grey Water Recycling:Experiences in Housing,' in Roaf, Dr Susan and Vivien Walker
(eds). 21AD: Water,Oxford: Oxford Brookes University, 1997.
" Murrer,John. Grey water Treatmentand Reuse,' in Roaf, Dr Susan and Vivien Walker (edS). 21AD
Water, Oxford.,Oxford Brookes University, 1997.
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washing machine, filtered and stored, to flush the WC; this would mean that in effect its
consumption would be zero litres per person per day, provided that there is sufficient grey
water available. The consumption from the showers, sinks and washing machine in the
benchmarkgiven below is 35.3 litres per person per day, which should in theory be sufficient
to provide the 20.4 litres per person per day for the low flush toilet. Even allowing for 25
percent losses in the cycle,36this would leave 5 litres per person per day for outdoor use,
such as watering the garden.
The CanadianResidentialEnergy Efficiency Databaseprovides a percentage breakdown of
waterusage by dwellings.31 It attributes 5 percent of the total usage to drinking and cooking;
therefore, of the typical consumption of 160 litres per person per day, the consumption by
drinking and cooking translatesas 8 litres per person per day. However, Smith proposes a
value for drinking and cooking of 5 litres per person per day.37Assuming a mean of these
two values would suggest a consumption of waterthat needs to be of 'drinking water quality'
of 6.5 litres per person per day.
In DrawnStudy 4, the proposal is made to collect rainwaterfor external use. However no
specific water savingfeatures were included to reduce consumption within the dwelling. On
the basisof the typicalconsumption identified at the startof this Annexe, as no water saving
measures are included in the dwelling, the benchmark of overall consumption will be 160
litres per person per day. This canbe broken down as 155 litres per person per day of mains
water and 5 litres per person per dayof rainwater.
Therefore, on the basis of the anaJysisabove, benchmarks for the various sources on
consumption caused fulfilling the rituals of dwelling can be derived. The best practice
comparativeswill be based upon the highest standard of the EcoHomes assessment and
the Vale's dwelling, which is fully autonomous from the mainswatersupply and sewage. The
benchmarksproposed for the domestic waterconsumption during the period of inhabitation
of the'urban house in paradise'is summarisedin the table overleaf.

"' Griggs, J. C., M. C. Shoulerand J. Hall. Op. Cit.
35Such losses would include evaporation, loss as steam, and to towels as the inhabitants dry
themselves after cleansing.
36ResidentialEnergy Efficiency Databasewebsite, 21 July 1999: www.its-canada.com/reed
31Smith, G. Economics of Water Collection and Waste Recycling: Working PaPer6, Cambridge:
Universityof Cambridge,1973.
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Consumption(1-p-.d")

Function

WithLow Flush WC

With Composting

6.5

6.5

20.4

0

Personal hygiene(showers)

20

20

Personal hygiene(washing)

5

5

8.3

8.3

2

2

62.2

41.8

Drinkingand cooking
WC

Washingmachines
Dishwashing
Total

Proposedwater consumptionbenchmarksfor the 'urban house In paradise'

The reduction of mains water consumption will create significant savings in terms of energy
consumption and C02 emissionsgenerated through processing and providing it. If, from
above, 220,000 litresof watertakes 120 kWhand 109.1 kg of C02 emission to deliver it, and
if the reduction of mains water consumption by the 'urban house in paradise' is 153.5 litres
per person per day, this will save in the region of 0.08 kWh of energy, and 0.07 kgOf C02
emission per person per day. If the mean occupancy of the typical dwelling in the United
Kingdom is 2.4 person,38this will equate to an energy saving of 70.1 kWh per dwelling per
annum,andC02emission reduction of 61.3 kgC02per dwelling per annum.

Methodology of Assessment
This will be based on prediction,similarto the methodology used by the Vales to predict the
consumption in their dwelling in Southwell. This will allowaccount to be made water saving
initiatives,such as low flush or composting toilets and low water consumption appliances, A
minimum consumption of potable water consumption will be assumed, of 6.5 litres per
person per day, for cooking and drinking.
The potential quantity of rainwater availablecan be determined from the annual average
rainfallfor the dwelling's locationand the areaof collection surfaces.30To account for annual

38Office for NationalStatistics. Living in Britain - Results form the 1995 General HouseholdSurvey,
London: HMSO,1996.
' Vale, Brenda and Robert. The Autonomous House - Des& and Planning for Self-Sufficiency,
London: Thames and Hudson, 1975. This methodology used in this paragraph is based on a
calculation for the requiredarea of collection to fulfil the water demandsof a three person dwelling with
that text.
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variation, the minimum expected rainfall is determined by assuming a value two thirds that of
the average. To account for water lost through evaporation, the area of collecting is reduced
by 10 percent. As 1MM.M-2of rainfall is the equivalent of 1 lilre. M-2,the quantity of rainwater
available is determined by multiplying the area of collecting surfaces by the rainfall; this
annual value is then divided by 365.25 to determine the daily quantity of rainwater potentially
available. This can be quantified by the following equation:

or,

y=

(0.9 x areaof collecting surfacesX2/,annualrainfall)/ 365.25

y=

(1.8 x areaof collectionx rainfall)/ 1095

Conclusion
for thecriterionof Diversity,seen in the contextof the
Therefore,the proposedbenchmark
benchmarks
of the typicalspeculativedwellingand Europeancomparative
othercomparative
of bestpractice,isproposedin thetablebelow:
Water Consumption(i.p-'. d-')
Typical UKspeculative dwelling

Mains

Rain and grey

Total

160

0

160

Europeancomparative:Southwell
DrawnStudy: 4

0

34

34

155

5

160

The 'urban house In paradise'

6.5

35.3

41.8

Water Consumption:Inhabitationbenchmarkfor the'urban house in paradise'
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The Criteria of the Urban Housing Design and
Procurement Database

Annexe 4.0

The Criteria of the Urban Housing design
and Procurement Database

This annexe contains a full listing of the criteria developedfor the Urban Housing design and
Procurement Database(UHDPD),a database of urban housing projects, on a Europeanand
world wide scale, that assess each project in terms of both objective, or quantitative, and
subjective, or qualitative, criteria. It was developed during the initial stages of the research
project, and therefore forms a parallel study to that part of the thesis. The criteria within the
database were a source for considering the criteria that defines the 'urban house in
paradise'.
The criteria in the third section are intended to enable an assessment of the architectural
design quality of a project to be undertaken. These subjectivecriteria could from the basis
of an accompaniment to the 'urban house in paradise' assessment tool, to evaluate the
design quality of a project in additionto its performanceagainst the benchmarksproposed in
chapter 3.0, refer to volumel -
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Bibliography:related projects

1.0

Objective Criteria

101

Land:greenfield

102

Land: brownfield

103

Site area

104

Cost:

overall projectcost (Euro and nationalcurrency)

105

land cost (Euroand national currency.M-2)

106

cost: area (Euro.m-2andnational currency.

107

cost: volumetric (Euro. and nationalcurrency.
1998 equivalentcost (Euro and national currency)

108
109
110

M-2)

M-3

M'3)

cost per habitant (Euro and national currency)
labour rates (final account / numberof operatives)
basisdifferences
labourcosts,
Ona country-by-country
ofconstruction
cost,arisingfrom,forexample,
withina specific
country.Thiswould,ineffect,createa
asaninevitability
of building
couldbeaccepted
that
to
of thecosts onewouldexpect arlseIt onewereto buildwithinthatspecific
moretruereflection
toothers.
country
whencompared
The IUA publicationHabitatfoncontainsprojects from many different countries. The solution utillsed to
allow comparison betweenbuilding costs Is to list the cost of a project In Its national Currency,and to
provide a table of monetaryexchangerates as an appendix. This methodwill provide an accurateguide
at the time of writing, but will be subject to Inaccuracyas exchange rates fluctuate. Therefore, the
Inclusion of an exchangerate table would result In it containingunreliableInformation,which could lead
to inaccurate analysis. Unless an exchange rate table could be regularly updated, there does not
appear to be a method of circumventingthe Issue of exchange rate fluctuations. If exchange rate
Informationwere omitted,It would causethe user to seek up to date figures.
Each project being assessed could be analysed by Its national currency, to allow more accurate
comparisonsat a future date but, for the purposesof comparativeanalysis projectscould be compared
on the basis of a single currency,the relativeEuro costs, whichthe cost of the project Is convertedinto
at the time of entry. The date of conversion would be Included, to account for future Inflation. As a
universal currency the Euro would reduce exchangerate Influencesbetweenan Increasingnumber of
Europeancountries,which may well constitutea significantproportionof the projectsbeing considered.
Once the overall projectcost Is established,the cost can be analysedIn a variety of respects. Euro.M-2
would be the standardunit of cost measurement. The ILIAcriteria analyse cost In slightly more depth,
by Including figures for land cost, and building cost both per M2 and per M3. Land costs could be
particularlyrelevant for urban sites to account for the potentialdecontaminationof brownlandthat may
be required. Volumetriccostswill accountfor ceiling heightsand spaces over single storey In height.
The Portsmouth Polytechnic study, Nine by Ten, analyses construction costs In greater depth, and
0
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Includes capital cost figures, 1971 equivalentcost figures, which W111
allow contemporarycosts to be
foot,
foot,
to
Inflation,
cost
per
square
cost
per
cubic
and cost per bed space.
calculatedwith respect
period* design time (months)

ill

Realisation

112

Realisation period: constructiontime (months)

113

Procurementstrategy
Procurementcan be defined as:
'... a strategyto sabstythe client's developmentand/or operationalneeds with respect to the
"
provisionof constructedfacilitiesfor a discretelife-cycle.
Or, alternatively:
*... the amalgamof activities undertakenby a client to obtain a building."2
The [after definition could also be expressed as, If architectureis the event, procurement can be
consideredas the effectsbringingabout that event.
A principle of these definitions is that the choice of procurementstrategy will be largely affected by,
among other Influences,the client's desires. The procurementof a constructed facility Is a balance
between qualRy time and cost; each strategy can be located within a Quality-Time-Cost
triangle. 3 The particular needs of the client can be acknowledged by distorting the triangle in
the direction of emphasis desired.

The desired balance between each of the three

influences will help determine the procurement strategy most suitable to achieving the
desired result. The codif ication of procurement will commenceby determiningand defining what
influenceseach headingwithinthe triangle.
Cluallity(product)

TIme (programme)

Cost (price)

design: concept
detail
materials
workmanship
sustainability
energy
performance
client satisfaction
user satisfaction
value

design + construction
life-cycle
completion at time
completion before time
certainty

certainty
land costs
design fees
contractcosts
construction
financingcosts
value
politicalinfluences
lifecyclecosts
management
monitoring

easeof dismantling

The aim is to establish a methodologyto analysethe strategyused to procure urban housing projects,
and to derive a way in whichto assesthe quality and value of that strategy in realisingthe desires of the
user and client within the 'constructedfacility.' One method In which to do this could be firstly, to
determine the Initial balance of the client's desires within the Quality-Time-Costtriangle, and then the
extent to which the client was satisfiedwith the project outcome,and thereforedetermineIf the chosen

I Davidson, Professor Colin H. (ed.). Procurement - The way Formrd, London: IF Research
Corporation, 1998, p. 79.
2 Franks,James. Building ProcurementSystems,London: The Chartered Instituteof Building, 199o.
3 Turner, A. Building Procurement,London:Macmillan,1997, p. 78.
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procurement strategy satisfied that balance. If the procurementroute failed to achieve the desired
outcomes then analysis could be conductedto establishthe causes of those failures; this may suggest
alternative procurementstrategiesfor that particulararrangementwithin the QTC triangle.
Evidently,the richerthe programmaticdiversityof the block, the Increasedthe complexityof tenure,and
therefore procurement, becomes. Existing procurementsystems could be subject to Innovation to
administer complex ownership and tenure, in particular In the context of an Increasingly mobile
workforce.

114

Financing
This criterion will anallysethe financing structure used to procure the development. For example, a
project may be 1WX) developerfunded,or a percentageof the constructioncosts may have been paid
through a Governmentgrant or lottery funding. Governmentor Statefunding may create a link between
this and the PoliticalInfluencescriterion.
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Density: plot ratio (gross internal area over all floors / site area)

116

Density:dwellings per hectare

117

Density: people per hectare

118

Number of dwellings

119

Dwelling type(s)
The initial analysisof dwelling type will establishhousing types within the development,and any mix of
types that will have an effect on a project's diversity. Followingthis Is an analysis of the specific
numbersof each dwellingtype, and variationsthat exist withineach type.
Finally the nature of habitationproposedfor the dwellingsIn analysed. This focuses In particularon the
provision for transient habitation, for example separate accommodationfor visitors of residents. Or
transient habitationmay be a part of the changingdemographicsof the Increasinglymobile worklorces
and population, which present the potential for dwellings for transient Inhabitants; In particular if
dwellings are a part of relatedcommercialspaces. Extendingthe notion of the hotel to the autonomous
habitationunit.

120

Differentiationof types

121

Breakdown
of thenumbersof eachdwellingtype.
Transient accommodation

122

Permanent accommodation

123

Dwelling area: M2

124

Dwelling volume: M3

125

Space predicatedto mixed functions: m3per resident other than dwelling volume
The area of the dwelling will be providedfor each dwelling type proposed so that the size of dwellings
can be comparedbetweenprojectsfor dwellingswith equal occupancyfigures. Areas will be quantified
In M2, and will be a figure for the total usablefloor area, includinginternal circulationand storage.
A dwelling's volume will be quantified In M3, and will account for the height of spaces, In particular those
over single storey height, for example double height living spaces, which can have a significant influence
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on the quality of space.

126

Number of storeys

127

Number of thresholdsto street: for overall project

128

Number of thresholdsto street: for each dwelling unit
The number of thresholdsto the street, when viewedin conjunctionwith the differentiationof numbersof
dwellingswill be a direct reflectionof the dwellingtype. For example,for a terraced project,typicallythe
number of terraced dwellings will be the same as the number of thresholds to the street; for an
apartmentcomplexthe numberof dwellingswill exceedthe numberof thresholdsto the street.
Wre Importantly,however,the numberof entrancethresholdsto the street, In addition to the subjective
quality of those thresholds, will have a reflection on the quality of a project's Integration with the
surroundingurbanfabric.

129

Number of dwellings served per street threshold
If within a project there Is a seml-privatespace used as a common entrance space to a number of
dwellings from one street threshold,the quality of this space can be affected by many factors. This
Intermediatespace was perceivedas crucial by the Dutch architectHermanHertzberger (1932- ), who
termed It a 'vertical street', and encouragedInteractionwithin this space between the residents who
share It. This level of interactionmay well be affected by the number of people who use the space; If
this numberis low there will be Insufficientcontactbetweennelghbours;If It is too high there will be too
many people to create a sense of familiaritybetweenInhabitantsand an Intimacywithin the space.

130

Programme:housing

131

Programme:mixed functions: related to housing
Programme:mixed functions: related to city

132

Hans Kollhoffbelievesthat urban housingshould be consideredas an integral part of a wider concept of
buildingwithin the fabricof the city:
'Housing Is a functionalist,antl-urbanconcept ... Ratherthan talking about 'housing' or even
dwelling,' I would suggest that we consider urban building to be the issue at hand, In all Its
complexityand contradictions."
In the urban environment,mixed function projects are becomingIncreasinglycommon. The promotion
of mixed use developmentsis backed by both the Urban Villages Forum and the Government,who
perceivemixed use developmentsas essentialto urbanplanningapproaches,
The provision of functions above those of dwelling can be divided Into two categories. Firstly, the
provision of facilities for Inhabitants beyond the Programmeof indMdual dwelling, spaces for a
communal dwelling (typical of the majority of Scandinavianurban housing),and therefore still Integral
with the phenomenonof block. Secondly, programmescan be beyond those related to the Inhabitants
of the block, and be entirely independent of the housing but a part of the wider diversity of the
surrounding context. Retail spaces, bars and cafes add to the complexity of the fabric of a project
which, accordingto Kollhoff,Is a crucialelementIn urbanbuilding,
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dwelling, enriched by an urban complexity of functions, becomes habitation. "5

Innovativehousing could provide now relationshipsbetweenliving and working, an alreadyestablished
trend. Flexible spaces for a new typology of urban life; not the Immediateclassificationof living and
workingspaces, as function joefso; adaptablespaces,adaptableprogrammes.
"... the static notionsof forms and function longfavouredby architecturaldiscourse needto be
replaced by attention to actions that occur Inside and around buildings - to the movementsof
bodies, to activities,to aspirations;in short to ft properly social and political dimension of
Modernism, by which form follows function (or Ace versa) needs to be
abandonedin favour of promiscuouscollisionsof programmesand spaces, In which the terms
architecture ...

intermingle,combineand Implicateone anotherIn the productionof new architecturalreality."d
Afternatively, programmatic diversity could become related through non-typical arrangements.
Commercialspace could providehabitationspacesfor employeeswithin a single block, which would be
a reversal of the notion of the livetworkunit.
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Tenure: private sector

134

Tenure: rented

135

Tenure: public sector

136

Tenure: integrated
In order to Increasethe level of diversity In addition,or as an alternative,to mixed functions, a project
can Include mixed tenure housing programmes. Within the Greenwich Milennium Village, Hunt
Thompson have proposed an Integrated weave of private, rented and public sector housing, In a
languageof form that will renderone tenure type Indistinguishablefrom another. Wre than 170of the
1377 homes will be rentable,54 In shared ownership,and 40 availableon a flexible tenure basis, which
will allow residents to move between ownership, part ownership and renting their homes as their
circumstanceschange.7 The codification of tenure will establish which forms are Includedwithin the
project, and then the extent to which these are Integrated.
The Inclusion of mixed tenure programmesmay also be an Implicationof GovernmentInfluence$on a
project, analysedunder anothercriterion.

137

Space use: percentageanalysis
A percentagebreakdownof spaces,based on function,will be carried out for each dwellingtype within a
project. This will calculate the proportion of the dwelling'stotal usable floor area attributed to each
functionof habitation. A typical breakdownwould Include:
li%Ang
spaces
sleeping areas
circulation
storage
sanitary facififies

4 Kollhoff, Hans. 'Urban BuildingVersus Housing,'Lotus International,Number66, p. 101.
5 Ibid.
6 Tschumi, Bernard. Event Cities (Paraxis),Cambridge,Massachusetts:The MIT Press, 1996, p. 13.
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Within a mixed-use project, a second space usage analysis could be conducted to determine the
proportionof the overallfloor area attributedto each programme,for example:
habitation
administration
communication
education
retail
service
production
storage
waste
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Included.
ThiswouldprovideanIndication
of emphasisplacedonanyof theprogrammes
Extent of customer-led design: pre-design stages

139

Extent of customer-leddesign: post-designstages
Inhabitant participationIs another paradigm within current housing practice, where participationoccurs
at both pre- and post-designstages. The Bo 100 complex,Sweden,Invited future Inhabitantsto lead In
the design of their Individualdwellings,throughthe constructionof 1:20 models. The completedbuilding
is a Juxtapositionof Individualdwellings, with Inevitablediversityof architecturalform; however,without
adaptabilitythese dwellingsare user designedfor only a single generationof Inhabitants.
Hertzberger'sIBA block in Berlin presents an alternative process,whereby a proportion of the budget
costs were set aside to allow residents,once Inhabitingthe building,to participate in the constructionof
communal spaces. Therefore,participationcan be subdividedIntoa pre- and post-designprocess.
Adaptabilitycan be intrinsicwithin the process of participation. R participationIs conceivedas extending
beyond the time of Initial completion,the user who spatially adapts his or her dwelling In accord with
changing demographics,programme or habitation patterns Is participating In the architectureof the
space.

140

Construction:traditional

141

Construction:system buildingand prefabrication:open and closed systems

142

Construction:system buildingand prefabrication:modular or elemental

143

Construction:system buildingand prefabrication:volumetric
Under the heading of construction, any use of system building, rationalised, standardisation or
prefabricationto achieve quality Inputs and cost benefits over conventional systemscan be analysed.
System building can contribute to Innovation In prefabrication,adaptability, flexibility and Inhabitant
participation,the extent of which may largely be dependent upon whether the system Is structural or
Infil.
StandardisationIs also a potentialparadigmof Innovationwithinthe dwelling. Prefabricationcan benefit
adaptability In the long term, through user participationIn the metamorphosisof a dwelling to sun new
habitationpatterns. Adaptabilitythrough an open buildingsystem and prefabricatedcomponentscan be
administered by a central managementagency, as will be arrangementat the Greenwich Milennium

7 Taylor, David. 'Setting the Agenda for Future Urban Development,' The Architects Journal, 26
February 1998.
m
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Village, wherebythe evolutionof the dwelling will take place within a pre-determinedframework.8 This
may also benefit sustainability,through ease of adaptability,and through the Increasedlife cycle of a
building through inherentadaptabilityand ease of maintenance.
144

Political influences:

Government

incentives

This criterion will determineif, and the extent to which, there was Governmentor State InfluenceIn the
Inception,finance or procurementof the project.
145

Materials:

structure

146

fabric: external walls

147

fabric: roof

148

fabric: windows

149

fabric: floors

150

fabric: stairs

151

fabric: ceilings

152

fabric: separating systems

153

Environmental

performance:

ground

floor (U-value

- W. M-2. K-1)

154

basement

(U-value

155

above

156

separating

157

roof (U-value

158

first (and subsequent)

159

external walls and windows

160

air leakage (ac. h-I at 50 Pa)

161

ventilation:

natural

162

ventilation:

mechanical

163

space and water heating systems

164

space cooling

165

lighting and electrical equipment

166

energy use: total

167

energy use: space heating

168

energy use: water heating

169

energy use: cooking, lighting and appliances

170

energy use: ventilation

171

cost implications

172

construction

173

degree of autonomy

walls

ground

walls

walls

- W. M-2. K-')
(U-value . W. M. 2X")

(U-value

- W. M-2. K")

- W. M-2.K")

floor (U-value
- W. M.2 K")
(U-value - W. M-2X-)

with heat recovery

energy audit - kWh. M-2

the Home,'BuildingDesign,27 February1998.
8 Fisher,James. 'ROmancing
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These criteria are liable to be subject to the quality and quantity of Informationavailable. Figuresare
likely to have been calculatedfor designed thermalperformancestandards;however, post-completion
monitoringor measurementdata of actual environmentalperformancemay only be available for a very
limited number of projects. Visits to the project would also benefitthe environmentalassessmentof
more subjective qualities of the environmentalperformance. These might Include the levels of light
within specific task-relatedspaces and the effects of noise either from the exterior of, or within, the
dwelling.
Some elements of analysis within the sphere of environmentalperformance will overlap with other
criteria, for example building fabric materials. Rather than repeating Informabon,the environmental
performancecriteriawill be of a different orientation,focussingon details such as thermal performance
and ventilation. Ideally each project would have an element within this criteria that would provide a
figure for a total energy audit of the completedbuilding, taking Into account factors such as embodied
energy arising from materialextractionand transportto site. However,such Informationis speciallsed,
and thereforeliableonly to be availableIf environmentalperformancehas been a primaryconcern of the
design team from the project's conception. FAxed-useblocks also have Issuesrelatingto sustainability.
The 24-hour occupancypatternsof a mixed functionblock could be exploitedIn the searchfor the zero
energy dwelling,or the zero energy block. Excessheat producedby commercialspaces during the day
could be routed to heat dwellingsfor their occupantsreturn.

2.0

Subjective Criteria
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Context:
The Influence of context can occur at many levels, and thereforeshould not be consideredonly as the
effects of the Immediateenvironmenton the design of the building. If a project can be considered as
divided Into two categories of design qualities, standardised- generic qualities that will be consistent
regardlessof location,and reglonallsed- the qualitiesthat will be Influencedby the country,region, cAty
and site, it Is that latter that are all affected by context. Regionalleationwill affect many qualities of a
dwelling, Including relationships between interior and exterior space, relationships between spaces
within the dwelling,patterns of habitation,materials,and constructionmethods. In the national domain,
regionalisationcan also affectthe choiceof procurementstrategy.
On the Immediatescale the valuationof context has several levels of Interpretationand definition, and
therefore Is dividedinto sub-crReria;these are:
integrationwith urban fabric
relationshipto street
public/privatespaces
relationshipwith surroundingprogrammes
materiality
The Issue also arisesof whetherthe valuationof contextshould be based on the level to which a project
Integrateswith the surroundingurban environment,or the extent to which it successfullyarticulatesthe
architect'sdesired level of integration.
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Integrationwith urban fabric
This will primarily be articulated by the morphologyand massing of the project-,the extent to which It
relates, or purposefullydoes not relate, to the surroundingthree dimensionalurbanstructure.
0
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Relationship to street
Althoughthe qualityof a project'srelationship
to thestreetwillbe a partof Its Integration
withtheurban
fromthe designand articulation
fabric,this sub-criterion
willfocusonthe smallerscalesynthesis,
of the
elevation,to thequalityandlocationof openingsandthresholds.
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Public and private spaces
This criterionwill codifythe qualityof the relationship
betweenthe projectand its surroundingurban
contextwhenmediatedby semi-publicand saml-privatespaces,either open or enclosed,and the
qualityof thosespaces.
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Relationship with surrounding programmes
Integration
Withina mixed-use
thequalityof programmatic
environment
will be relevantto the valuation
of context.As thefocusof thethesisIson housing,thefocusof this criterionshouldbe on thequalityof
development
the integration
withthesurrounding
of thehousingelementof a mixed-use
programmes.
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Materiality
Althoughmateriality
is a separatecriterion,withinthe influenceof contextit will be the valuationof the
relationshipbetweenexternalmaterialfinishesand materialsused to constructthe surrounding
environment.ThisIs not to say that a projectwhichjuxtaposesunlikematerialswill be necessarily
attributedwith poor value, as the qualityof materialitycan be basedon levels otherthan Visual
references,
whichcan be as equallycontextualas
connection,
suchas drawingsymbolicor theoretical
visuallikeness.
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Proportion:
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scale
overall massing
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principalelevation(s)
Two purposes will be served by this criterion of analysis:firstly It will codify the subjectivequality of
proportion within the overall design of the block or project; secondly It will determine If any proportion
system,for examplethe GoldenSection, the Ken or modular co-ordination,has been used to structure
the proportionof the project.0
The criterion of proportion has been split Into three sub-divislons. Although these divisions may be
directly related,they are split In order to allow codificationof the quality of proportionIn each, as each
may be affectedby other criteria. The proportionalityof the overall block, for Instance,will be related to
the morphologyand Integrationwith the surroundingurban fabric, whilst the proportionsof the principal
elevationwill be related to the qualityof the street,and will value the overall harmoniesof the elements.
Particularlyrelevantto housingIs the qualityof scale: how we perceivethe size of the building, element
or space relativeto other forms. The qualityof scale can be divided Intotwo types: generic, the size of
a building, element or space relative to other forms in Its context, or human, the size of a building,
element or space relativeto the dimensionand proportionof the human body. As the former Is related
to context, It will be codified In other criteria; It Is the lafter, the relationshipbetween the human scale
and the space, that Is of critical Importanceto the perceptionof spatialityof a housing project.
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Hierarchy:

spatial
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programmatic
Hierarchy is subdivided into two Classifications:spatial and programmatic. Spatial hierarchy Is the
degree of importanceplaced or Impliedon spaces by their functional,formal or symbolicroles. This will
be related to the spatialrelationships,zoning and, to some extent privacy, between spaces within the
dwelling, and will value the quality of the hierarchies between these spaces. For example, the
Portsmouth Polytechnicstudy divided zoning into two basic methods: by activities (the functions of
dwelling), and by family privacy. Programmatichierarchy will be specifically related to mixed-use
projects. This will provide a criterion for the valuation of the relative Importanceattributed to each
programme, for examplehabitation, retail and commercial,within the project through formal or spatial
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articulation,and how successfullythis arflculatlonreflectsthe hierarchiesestablished.
Adaptability: within dwelling: diumal
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Adaptability:

within dwelling: episodic
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Adaptability:

within block

In his 1991 Vold Space/HingedSpace HousingIn Fukuoka,Japan, Steven Holl perceivedadaptability
occurringon two planes:diurnaland episodic.
"Diurnal hinging allows an expansionof the living area during the day and a reclamationof
bedroomsat night. Episodichinging reflectsthe change In a family over time: rooms can be
added or subtractedto accommodategrown-up children leaving the family or elderly parents
moving in."10
The ability of spaces to adapt to the unforeseeablechanges In Patterns of habitation, speaking both
singularly of a particulardwelling,and pluralityof the culture of changing habitationpatterns and rituals,
is increasingly becomingan area of InnovationIn housing design. Adaptabilitycan extend beyond the
Individual dwelling,to become an adaptable block, where Individualunits can be absorbed to create
larger dwellings. The latter philosophyof adaptabilitywas notably developed by John HabrakenIn the
1960s11,and has recently becomea contemporaryfield of Innovation. For example, housing proposed
for the Greenwich Mllennium Village In London, designed by a team led by the British architectural
practice Hunt ThompsonAssociatesIn associationwith the SwedisharchitectRalph Erskine,soughtto,
"... bring about a revolution In the concept of procurement and constructionof the home In
orderto facilitatechoice and adaptability."12
Construction methods focus on prefabrication and open building systems to give the owner/occupler
maximum flexibility through a kit of prefabricated parts, which include balconies, conservatories, and
kitchen and bathroom units. Whilst a project can be valued on Its capacity for adaptability, there is a
variety of definitions for the type of adaptability that the dwellings, and project as a whole, may be
capable of -
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Tectonics

Ching, Francis D. K. Architecture: Form, Space And Order, New York: Van Nostrand Reinhold,
1979.
10Holl, Steven. IntertMning,New York: PrincetonArchitecturalPress, 1996,p. 18.
" Habraken, John N. Supports:An Alternative To Mass Housing, London: The Architectural Press,
1972.
12Taylor, David. Op. Cit.
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Valuingthe quality of the dispositionand constructionof elementsof the built form within the project.
215

Spatiality: dwelling/private

216

Spatiality: semi-private
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Spatiality: semi-public

218

Spatiality: public

space

The valuation of spatiality will be an analysis and valuationof the architectonicquality of spaces within
the project. This criterion may have to be subdivided,to account for a variety of types of space, for
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examplesemi-publicandsemi-privatecirculationspaces,and dwellingInteriors.
Relationship between interior spaces
This criterion will explore the quality of the relationship between spaces within the dwelling; this Is
subject to several factors of analysis. Spatial relationships within the dwelling can essentially be divided
into the following three definitions: firstly, where spaces open from a oorrIdor or hallway; secondly,
where spaces open directly from a central open space, typically the living room; and thirdly, the open
13

plan.

in the analysis of the relationship between spaces the Portsmouth Polytechnic study placed an
emphasis on the ease of movement from space to space; however the overall quality of spatial
relationships will be more complex than this; phenomenological quality will be affected by the flow of
space around the dwelling, as well as the flow of Its Inhabitants.

Adaptabilitymay also reflect on the quality of relationshipbetweenspaces, particularlyif adaptabilityis
on a diurnal level, through sliding, rotating or folding partitions,which will create the ability to after the
relationshipbetweenspaces.
Privacy will be a critical factor,through the manner In which spaces relate to generate,or Intentionally
minimise,a sense of spatialseclusion. This may be affectedby more than just visual qualities;the use
of adaptablepartitions mayresult In poor levelsof acousticprivacy betweenspaces.
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Threshold: doorways
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Threshold: windows
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Threshold: balconies
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Threshold:terraces
In the contextof dwelling withinurbanity, where the juxtapositionof public and private Is Intensified,the
condition of threshold Is one of the most vital conditions, both physically and phenomenologically.
Threshold in urban housing is not only the point of access, but can be considered as a dermls, the
membraneof maximumtension betweenInteriorand exterior, between public and private. It can exist
as several levelsof definition,froma single event to a sequenceof transitionsand or spaces.
However, It Is not always a matter of public and private activities becoming segregated and
distinguishedby the threshold. Rather, these two Independentconditions can operate separately or In
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conjunction to describe potentially complex patterns of Interaction and relationship. This boundary
establishesthe conditions under which inside and outside / public and private are able to engage with
one another. Balconiesand terraces are where privatespaceextends Itself Intothe public realm, and In
many Instances will be a dwelling's point of most Intense Integration with that realm. This edge,
therefore, Is rather paradoxical,since it both separateswhilst at the same instance connecting,the two
realms It defines. The desirable relationshipbetween public and private, which Is mediated by the
threshold, Is likely to be Influencedby the particularculture,or to someextent even city.
223

Articulation

of light

The codificationof the quality of light within a project will be two-fold. Firstly it Y411
assess the level of
Secondly
it will analyse the articulation
light within spaces,with referenceto the function of the space.
of light spatially,to create particularperceptualeffects. On the articulationof light Steven Holl writes:
I... early modern architectsrationalisedthe use of light In buildings and called for the hygienic
benefits of plate glass. Today, we also understand the Importance of the subtleties and
psychologicaldifferences of a vast range of qualities of light. With as much attention to
darkness and to the contrastingsecrets of light and dark, we engage in a metaphysicsof
light."14
In particular, light can be used to animatea space, or spaces,on a diurnal cycle, creating a variety of
effects as light enters the space during different parts of the day, possibly relating different functionsof
habitationto the diurnalcycle.
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Morphology:of mass

224

Morphology:of programme
The quality of a project's morphology,the manipulationof Its form, can be consideredIn relationto mass
and programme. The massingof a project will be related to Its contextualassociations,In particular its
Integration with the urban fabric and its relationshipto the street. The morphologyof programme Is
generated through the manipulation of and relationships between programmes, either related to
habitationor diversefrom It, within the block.
The codificationof the quality of a project's density will, as well as being objective, fall within the
subjectivedivision of criteria. The valuation of density will be Interwovenwith the analysis of context,
how the density of the project relates to the surrounding urban fabric. and morphology,or how the
massing of the project distributesthe density of the project across the site. Therefore, the subjective
analysisof densitywill be conductedunder the criteriaof context and morphology.
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Diversity".

programme
tectonic
language

228

context

229

mass

13Broadbent, Geoffrey. Nine By Ten, Portsmouth: Portsmouth Polytechnic School of Architecture,
1971, p. 70.
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The writings of Hans Kollhoff have been cited previously to demonstrate the Importance of
programmaticdiversity as a key factor In urban building. However,the value of diversityin the context
of urban buildingwill have a much wider influenceover other criteria than just programme. In some
respectsdiversitycould be construedas related to, possiblythe antithesisof, context. Whereascontext
could be considered as harmonising the Inter-relationshipbetween a project and Its surrounding
environment,city and region, diversityIs the way In which the project articulatesattributesof difference
of specific qualities or functions. Diversity of form, language and programmeas an Integral part of
urban building Is a reflection of the variety and difference,to the extent of non-conformity,that Is
associatedwith, encouragedby, and manifestedwithinthe urbanenvironment. Thereforethe quality of
that variety and differenceIs maintainedand encouragedby a projectthrough a balance of contextand
diversity. The codificationof this value of diversity Is likely to be through an amalgamationof other
criteria, for example: programme, tectonics, language, context, mass. These could be considered
Individuallywithineach criteria or collectivelyas a criterionof diversity.
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Materiality
Whilst the specific materialsused within the project have been establishedthrough objective analysis,
this criteria seeks to codify the subjectivenature of the materialityof spaces. This Is the way in which
materials are articulatedand deployedto add to the quality of space, for exampleto evoke a sense of
solidity, fragility or openness;or the Intentionaluse of tactile materialsIn places where peoplecome into
physical,hapticcontactwith the building.
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Use of colour
This will codify the qualityof the use of colour within the design of a project. The colour of finishes can
be manipulatedIn many ways. For example,colour psychologycan be used to create certainemotions
within specificspaces;or colour can be used to demateriallseelements or planes,or createfocus within
a space.
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Attributes of rurality

233

Attributes of detachment
Currentlythere Is a net migrationof populationaway from urbanareas. The attractionof suburban and
rural environmentsis an Issue that needs to be addressedby urban housing If this migrationIs to be
aims to:
reversed. The GreenwichMillenniumNAllage
the
to
"... attract
suburban market brownfield sites by attaching 'rural attributes' to urban
"15
housing developments.
One exampleof a rural attribute Is distancing,the desire to create a sense of distance betweenthe Sell
and the city. Other attributesof ruralitywill be consideredas a separatepaper. As one Is able to travel
at a wide variety of speeds,the physical distanceIs less crucialto the sense of separationthan time, as
it is through time that one perceives the notion of separation from the urban environment. The
philosopher Henri Bergson consideredthat we should speak not In terms of time but duration."

14Holl, Steven. Op. Cit., P. 11-

The

15Ben Derbyshire of the architectural practice Hunt Thompson Associates speaking at the Sustainable
Urban Communities seminar, held at the Royal College of Physicians, London on 2 April 1998.
11Holl, Steven. Op. Cit.
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conceptof 'lived time' (dur6e nWie) can be related to the processof detaching one's self from urbanity.
it is the lived time' of the event that creates our sense of separation;distance is a state, a condition,
duration and distancing are the process by which It Is achieved. This process, the duration of
distancing,Is a ritual, an act of removingone's self fromthe urbanenvironment.
Evidently one cannot replicate the physical time and visual scenery, the path to serenity, of the rural
separation from the city; therefore this attribute must be synthealsed to create the same perception of
the duration and process of separation to create a comparable, although seemingly paradoxical,
condition of physical juxtaposition and perceptual separation. The issue Is also raised of whether the
extent of distancing, the extent of duration, will be related to the Intensity of the urban environment in
which the project Is sited.

The oodific0on of the attributeof distancebetweenthe urban environmentand a project's Interioritywill
be related to the articulation of threshold; however, it will go beyond this single condition, as It Is
attributingvalue to the way In whichthe project articulatesthe entire ritual of removal, of how one moves
from common urban space to the privatespace of the dwelling. This Is likely to be a route Involving a
successionof transitionsand thresholdto Increasethe duration,and thereforethe sense, of removal.
The establishmentof a sense of separationdoes not necessitatethat the dwellings becomeInsular; it Is
more a process of establishinga sense of prospectand refuge. DistancingIs, therefore, consideredas
the creation of an urban threshold,a ritual the durationof which may encompassseveralthresholds or
spatial transitions. The urban thresholdof a project Is the articulationof the route between the urban
exterior and the dwelling Interior. The criterionof distance Is, therefore, related to the physical,chrono-,
and psychologicaldetachmentof a projectfromthe urbanenvironment.
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Attributes of propinquity
This is a reflection of qualities arising from propinquitywithin the design, attributes of closeness and
proximityIn the project,for examplebetweenIndividualdwellings.
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Client opinion
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Tenant and occupier opinion
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Use of smart technologies

237

Harmonyof built form

238

of massacrossthe project.
Theharmonyorcounterpoint
ofthedistribution
Harmony of colour
The harmonyor counterpointof the distributionof colour across the project.
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Annexe 5.0

Prioritising the Criteria for the Matrix

This annexe contains the analysis used to prioritise the criteria of the matrix against the
relative contribution made by each to four parameters of environmental sustainability.
These parameters are contribution to the reduction of greenhouse gas emissions,
contribution to the reduction in pollution, contributionto the reduction of natural resource
consumption and contributionto the reductionof ozone depleting emissions.
For each of the criteria the evaluation is considered in terms of a common unit. For
example, in the case of the contributionto the reduction of greenhouse gas emissions the
common unit is kgC02 per unit floor area per annum. C02 is selected because it is the
principal gas that causes the anthropocentricgreenhouse effect. Therefore if a criterion
reduces other emissions, these are converted into the equivalent emissions of C02- If the
emission is embodied within the dwelling, this value is divided by the design life span of the
dwelling. The reduction in emission of pollution is assessed in terms of the reduction in
grammes per annum. The reduction in natural resourceconsumption is measured in terms
of the reduction in per unit volume, or per unit area for land. Like C02, the evaluation of the
contributionto reducing ozone depleting emissionsis converted into the equivalentemission
of on of the common ozonedepleting gases, volatile organic compounds,or VOCs.

0
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5.1

Prioritising - Contribution to the Reduction of the
Greenhouse Effect

In order to prioritise the benchmarks in terms of their contribution to the reduction of
greenhouse gas emissions,each will be converted into a value of the equivalentreduction in
carbon dioxide emissions (the most significant greenhousegas), which would be achieved
by moving from the typical standardof housingto the 'urban house in paradise' benchmark.
The most significant benchmark will, therefore, be the one that provides the greatest
reduction in CO, emissionsover a given period, such as one year. The embodied emissions
will be divided by the design life span of the dwelling,to give an annual equivalent emissions
that can be compared to annual emissions such as the energy consumed during
inhabitation. Thereforethe emissionswill be quantifiedin terms of kgC02.a-, for each of the
criteria.
The following presents how the emission per annum will be determined for each criterion,
where applicable.

5.1.1 C02Emissions: on site construction processes
The benchmark analysis provided values of the level of CO, emission that will occur as a
result of the energy consumedduring the on site construction of the typical dwelling and the
'urban house in paradise.' These are:
Typical dwelling
'urban house in paradise'

kgCO2.

= 54
kgCO2.
= 27

M-2
M-2

From the Space Standards analysis,the areas of these two dwellings for a mean occupancy
level of 2.4 people per dwelling, derived from census data, has been determined as 48.5M2
and 59.8 M2respectively. Therefore,the total value of emissionswill be 2,619 kgC02forthe
'typical' dwelling, and 1,614.6 kgC02 for the 'urban house in paradise.' To determine a
value of the emission per annum, each of these values will be divided by the respective
design life span of the dwelling, as determined by the Lifecycle benchmark. These create
levels of emission of 43.7 kgCO2.a" and 13.5 kgC02.a-1. Therefore, the overall reduction
that would be created by adoptingthe benchmarkof the 'urban house in paradise' would be:
= 30.2 kgCO, a-I
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5.1.2 C021Ernissions: Inhabitation
thevaluesof C02emission
fromthe energyconsumption
Fromthe benchmark
by
analysis,
duringthe inhabitation
heating,lightingand appliances
of the typicalspeculativebuilt
dwellingandthe 'urbanhousein paradise'are 50.2kgC02-m-2.
a*' and 10.7kgC02M-2a"
forGreenSpaceandWater
of thebenchmarks
respectively.TheeffectsonC02emissions
Consumption:
Inhabitation
areconsidered
as individual
criteriato determine
theirrespective
to includethemherewoulddoublecounttheircontribution
to the reduction
significance;
of
is a largerdwelling,
it willhave
gasemissions.Asthe'urbanhousein paradise'
greenhouse
builtdwellingfor the samenumberof
a higherC02emissionthan a typicalspeculative
at an averageoccupancy
research,
of 2.4 people,
occupants.Fromthe SpaceStandards
built dwellingwill be 48.5 M2;the area of the 'urbanhousein
the typicalspeculative
of occupants.
paradise'willbe 59.8M2forthesamenumber
Therefore:

Typical spec built dwelling

48.5 x 50.2

2,434.5 kgC02.a-'

'urban house in paradise'

59.8 x 10.7

639.9 kgC02.a-'

Therefore, for a dwelling based on the average occupancy figures of households in the
United Kingdom, moving from the standardof the typical dwelling to that of the 'urban house
in paradise'will create a reductionin carbon dioxideemission of:
2,434.5- 639.9
= 1,794.8kgCO,.a-I

5.1.3 Carbon Intensity
From the benchmark of Energy Consumption: Inhabitation, the energy consumption for
space and water heating for the 'urban house in paradise'can be determined as 12 kWhm2 a". Using the mean occupancy level of 2.4 people per dwelling, taken from census data,
the Space Standards: Area benchmark can be used to determine a notional area of the
'urban house in paradise' of 59.8 M2. Therefore, the energy consumption of this dwelling
can be determinedas 12 x 59.8 = 717.6 kWh.
The 'typical' dwelling's benchmarkof carbon intensity is 0.28 kg.kWh", and the value for the
'urban house in paradise'is 0.24 kg.kWh" this gives a difference in the performanceof 0.04
kg.kWh-'. Therefore, the reduction achieved by moving between these two benchmarks
would be:
0.04 x 717.6

= 28.7 kgC.a"

M
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As 1 kgC is the equivalent of 3.67

kgC02,

28.7 x 3.67

then the reduction, in terms of C02
= 105.3

would be:

kgC02-0-1

5.1.4 Construction Period
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the greenhouseeffect.

5.1.5 Contextual Slgnif Icance of the Site
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the greenhouseeffect.

5.1.6 Deconstruction and Demolition: Recycling of Materials
The aim of the benchmark of this criterion is to reduce the quantity of materialthat is sent to
disposal through landfill by increasingthe proportionthat is used for high level recycling.

One of the by-productsof landfillwaste is gas emission. The principallandfillgases are
methane (CH,) and carbondioxide,both of which contributeto the greenhouseeffect,
Theseare producedthroughthe decomposition
of theorganicputresciblecomponentof the
waste. Althoughthe relativeproportionsof the gases emittedfrom landfillchangesover
time, on averageit can be determinedas 63.8 percentCH4,33.6 percentCO, and 2.6
percent trace gases.' The high proportionof CH4exacerbatesthe contributionto the
greenhouseeffect,as it muchmore'effective'as a greenhousegasthan CO,
The benchmark analysisdeterminedthat on average66 percentof demolition waste goes to
landfill. However, of that figure it is only the organic putrescible waste that will decompose
and produce emissions;the inert content will remain in a steady condition and produce no
emissions.
The quantities of materials arising from the demolition of a dwelling will be based upon those
determined under the Contributionto the Reduction of Natural Resources criterion, detailed
under the Deconstructionand Demolitioncriterion, of the quantity of primary bulk materials
that might be used to construct an 'urban house in paradise'. Of these, the only material
that will be subject to decompositionwill be the timber content, which was determined at

I Departmentof the Environment. WasteManagerwnt - LandfiffingWastes,London:HMSO, 1986.
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2,285 kg. It is typically the masonry content of demolitionwaste that is currently reused or
recycled; estimates made by the Building Research Establishmentsuggest that 80 percent
of timber is sent to landfill, whilst 15 percent is reclaimed.2 Of the timber that goes to
landfill, it has been estimatedthat haff decomposeswhilst the rest remains inert.3 Thus, the
85 percent reduction benchmarked for the 'urban house in paradise' would equate to a
quantitative value of:
2285 x 0.85

= 1942.3 kg

Accounting for the existing value of timber the is reclaimed:
2285 x 0.15

= 342.8 kg

Therefore, the reduction in the quantity of timber that is sent to landfill is:
1942.5 - 342.8

= 1599.6 kg

Spread across the life span of the dwelling, this would equate to an equivalent annual
reduction of:
1599.61120

= 13.3 kg.&,

For each kilogram of waste disposed of by landfill, 0.15 kgCH4 and 0.39 kgCO, will be
produced.4 Therefore, the emissions of CH4and CO, as a result of the waste disposed of
per annurn will be:
(13.3 / 2) x 0.15

1.00 kgCH4

(13.3 / 2) x 0.39

= 2.60 kg CO,

From Rodhe, each kilogram of CH4emifted into the atmospherehas the equivalent effect of
70 kilograms of CO,.' Therefore,the total equivalentC02emission will be:
(1.00 x 70) + 2.60

= 73.1 kgC02

2 Howard, Nigel, Suzy Edwardsand Jane Anderson. BRE Methodologyfor EnvironmentalProfiles of
ConstructionMaterials, Componentsand Buildings. London: ConstructionResearchCommunications
Limited, 1999.
3 Royal Commissionfor the Environment. SeventeenthReport,London: HMSO, 1993.
4 Tchobanoglous, George, Hilary Theisen and Rolf Eliassen. Solid Wastes - Engineering Principles
and ManagementIssues, London:McGraw-Hill,1977.
5 Rodhe, Henning. 'A Comparisonof the Contributionof Various Gases to the Greenhouse Effect,,
Science, 8 June 1990.
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However, it must be rememberedthat this value representsthe total quantity of gas that is
produced by the waste over the total period of decompositionof at least 50 years, therefore
this will translate to an annual emissionof:
73.1/50

= 1.5 kgCO,.a-I

5.1.7 Design life span
Whilst some of the benchmarks,such as Energy Consumption:Inhabitation,are quantified
in units per annum, increasing the lifespan of the dwellingwill have an impact on a number
of the criteria. For example, in a dwelling with a 'typical' design life span, the embodied
energy will be used to create a dwelling that is deigned to last for 60 years; whereas, if the
dwelling were to last 120 years, this would be a more efficient use of the energy consumed
in creating it. This will also be the case for wastes created during its construction. The
contribution of the design life span benchmarkto the reduction of greenhouse gases is the
cumulative effect of increasing the design life span of the dwelling by 60 years. To
determine this, each criterion, where applicable, was taken individually and then the
contributions all summed. A more detailed description of the methodology used to
determine the values is given under each criterion elsewherein the parameter.
CO, Emissions: Construction and Deconstruction
The value of CO, emissions created by these processes will be included within the overall
calculation of the Ecological Weight: Embodied Energy and Embodied CO, criteria, and
therefore should not be included here so that its effect is not double counted when the
cumulative total is determined.
Deconstruction and Demolition: Recycling of Materials
The benchmark for the recycling or reuse of deconstruction and demolition material is 85
percent. It is the timber content of this waste that will decompose to produce greenhouse
gas emissions, therefore it is that componentthat will be considered. From the benchmark
up to 15 percent of the total timber content may be sent to landfill, which, from the model
analysis for this criterion under the parameter of Contribution to the Reduction of Natural
Resource Consumption,is 2,285 kg. Therefore,the potential landfill value is 342.8 kg.
342.8/60
342.8/120

= 5.71 kg.a"
= 2.86 kg.a"

life span
.*. effect of

= 2.85 kg.a-'

0
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For each kilogram of waste disposed of by landfill, 0.15 kgCH, and 0.39 kgCO, will be
produced. Therefore,the emissionsof CH4and CO, as a result of the waste disposed of per
annurn will be:
(2.85 / 2) x 0.15

= 0.21 kgCH4
= 0.55 kgC02

(2.85 / 2) x 0.39

From Rodhe, each kilogram of CH4emitted into the atmospherehas the equivalenteffect of
70 kilogramsof CO,. Therefore,the total equivalentC02ernission will be:
(0.21 x 70) + 0.55

= 15ý3kgC02

However, it must be rememberedthat this value representsthe total quantity of gas that is
produced by the waste over the total period of decompositionof at least 50 years, therefore
this will translate to an annual emissionof:
= 0.31

15.3/50

kgC02-a"

Ecological Weight: Embodied Energy
in determining the cumulative effect of the design life span benchmark, this criterion is
concerned with the emissionsof greenhousegases other than C02, so that when the values
for all the criteria are added to determine an overall value, the embodied C02 emission will
not be double counted. The embodiedC02 emission is determinedbelow.
On the basis of the average occupancy level and the Space Standards: Area benchmark,
the embodied energy for the 'urban house in paradise' is 59.8 x 250 = 14,950 kWh. The
effect of the life span benchmarkis:
14,950/120

= 249.2 kWh.a*l
= 124.6 kWh.a*'

life span
.-. effect of

= 124.6 kWh.a-I

14,950/60

Therefore, the greenhousegas emissionsassociated with this reduction are:
Electricity:
Gas:
Petroleum

41.5 x 0.02997

= 56.1 gCH,. a-I
= 1.24 gN20. a"

41.5 x 0.448

= 18.6 gCH4.a-'

41.5 x 0.00039

= 0.016 gN20. a7l

41.5 x 0.162

= 6.73 gCH4.a-1
= 5.14 gN20. a"

41.5 x 1.350

41.5 x 0.12378
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81.4 gCH4-a'l
6.40 gN20,

a-'

As gram for gram methane is 70 times as effectiveas C02, in terms of its contributionto the
greenhouse effect, the emissions of CH4arising will be the equivalent of 81.4 x 70 = 5.70
kgC02. As nitrous oxide is 200 times as effective, gram for gram, as C02 in terms of its
contribution to the greenhouseeffect, the emissionsof N20 arising be the equivalent of 6.40
x 200 = 1.28 kgCO2.
Therefore, in total the effect of the design life span benchmark on the additional embodied
emissions to that of C02, determinednext, is:
= 6.98 kgC02.a"
Ecological Weight: Embodied CO, Emission
The value of embodied C02 emissions for the 'urban house in paradise' was determined
under that criterion, below, as 5,382 kgCO2. This value spread across a 60 year life span
would be 89.7 kgC02.a`; spread across a 120 year life span, this would be 44.9 kgC02-a".
Therefore, the reduction in emissions achieved by the increased design life span of the
dwelling is:
89.7-44.9

= 44.8 kgC02.a"

Energy Consumption: Construction Processes
The emission of greenhouse gases created by these processes will be included within the
overall calculation of the Ecological Weight: Embodied Energy criterion, and therefore
should not be included here so that its effect is not double counted when the cumulative
total is determined.
Recycling of Construction Waste
The quantity of organic construction waste that will arise from the benchmarked standard
will be 57.1 kg; refer to Recycling of Construction Waste criterion, below, for the derivation
of this value. The effect of the design life span benchmark will be:
57.1/60
= 0.95 kg.a-'
57.1/120
life span
.-. effect of

= 0.48 kg.a-1
= 0.47 kg.a-'

0
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The quantity of timber that will decomposewill be 50 percent of the total sent to landfill; the
rest will remain inert. For each kilogram of waste disposed of by landfill, 0.15 kgCH4and
0.39 kgCO, will be produced.8 Therefore,the emissionsof CH4and CO, as a result of the
waste disposed of per annum is:
(0.47 / 2) x 0.15
(0.47 / 2) x 0.39

= 0.036 kgCH4
= 0.092 kg CO,

From Rodhe, each kilogram of CH, emitted into the atmospherehas the equivalenteftect of
70 kilograms of CO, Therefore,the total equivaJentC02emissionwill be:
(0.036 x 70) + 0.092

= 2.61 kgC02

However, it must be rememberedthat this value representsthe total quantity of gas that is
produced by the waste over the total period of decompositionof at least 50 years, therefore
this will translate to an annual emissionof.
2.61/50

= 0.05 kgCO2.a-'

Space Standards
Although during the calculation of the effect of the Space Standards: Area and Volume
benchmarks on the emission of greenhousegases, the life span of the dwelling was used, it
will not be a part of the cumulativeeffect of the design life span benchmark. The Ecological
Weight: Embodied Energy and Embodied CO. criteria have both already taken account of
the consequentialimpact on emissionsincurred through the increase in area created by the
Space Standards benchmark.
Thermal Perlormance
The impact of increasing the level of thermal performance of the dwelling's fabric will be
accounted for within the Ecological Weight: Embodied Energy and Embodied C02 criteria,
and will not be assessed here so as not to double count when calculating the cumulative
effect.

a Tchobanoglous,George, Hilary Theisen and Rol Eliassen. Solid Wastes - Engineeringprinciples
and A4anagementIssues, London:McGraw-Hill,1977.
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Therefore, in total the reduction in the emission of gases that contribute to the greenhouse
effect achieved through increasingthe design life span of the dwelling to the benchmark of
the'urban house in paradise'will be:
0.31 + 6.98 + 44.8 + 0.05

52.1

kgC02-a-'

5.1.7 Density: Quantitative
The typical value of residentialdensity determinedby the analysis of the benchmark values
is 100 people.ha-1;for the 'urban house in paradise'the minimum value of residential density
has been determinedas 370 people.haý'.
Therefore, the base densityfor the 'urban house in paradise' is 3.7 times higher than that of
the typical dwelling; thus it will, in effect, occupy 3.7 times less footprint space than the
typical dwelling. Using the typical occupancy level of dwellings of 2.4 people, for the
purposes of a relative comparison, 370 people-ha' equates to 154 dwellings.ha-1, At this
density, in effect, 64 M2 Of land will be attributable to each dwelling; the same number of
dwellings at the typical residential density would occupy 3.7 times the area. Therefore, the
land saved by moving from the benchmarkof the typical residential density to that of the
'urban house in paradise'can be equatedto 176 M2.
Ecological footprinting is a methodology used to determine environmental impact.

it is

quantified in terms of the land area required to provide the needs and resources of, and to
assimilate the wastes generated by, human consumption. In terms of fossil fuels, there are
approaches to converting fossil energy consumption into a corresponding land area. The
most frequently used method estimates the land area required to sequester theC02emitted
from burning fossil fuels. The argument is based on the approach that fossil carbon (in the
form Of C02) cannot be allowed to accumulate in the atmosphere due to the potential eff ects
of climate change.

Research into the ecological footprint of fossil fuels has determined that one hectare of
greenspace can sequester the C02 emission generated annually by the consumptionof 100
gigajoules of fossil fuel. This value has been derived from the fact that the Most effective
assimilators Of C02 in terms of greenspace, which are forests, accumulate 1.8 tonnes of
carbon per hectare.' This value can be used to determine the best case scenario for the

Wackernagel,M. and W. Rees. Our EcologiCalFootprint,Oxford:New Society Publishers,1996.
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potential level of annual C02absorption by the greenspacebenchmarked to be provided for
each dwelling.
On the basis of the area of land saved by achievingthe benchmarked density of the 'urban
house in paradise', a value can be proposedfor the level of C02 that could potentially be
sequestered by that area of land. 01 course this value will be a theoretical maximum,for it
will be based on the assumption that the land saved will be green space, whereas in an
urban context the site could be already built upon, or may not be green space. The criterion
of Ecological Value of the Site will be used to determinethe contribution achieved through
developing upon brownfieldas opposedto greenfield land.
1.8 tonnes of carbon per hectare is the equivalentof 0.66 kgCO2.M-2. If the land area saved
through the density benchmark is 160 M2 per dwelling, this will equate to a potential
reduction in the net C02 level in the atmosphereof:
176 x 0.66

= 116.2 kgC02.a-'

However, as established above, this value must be treated with a degree of caution, as the
value is, in reality, likely to be less than this.

5.1.8 Density: Oualitative
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the greenhouseeffect.

5.1.9 Diversity: Programme
In terms of its benchmark value, this criterion is consideredto have no direct consequential
effect on the reduction of the greenhouseeffect. An indirect effect that creating a mixed-use
project would be the reduction in emissions arising from transport, through providing
facilities within walkingdistance. However, it is beyond the scope of this study to undertake
an analysis of the magnitude of such reduction in terms of the programmatic diversity
benchmarkproposed.

5.1.10 Domestic Waste
The current national average value for domestic waste recycling is 6.5 percent. Of the
remaining 93.5 percent, 85 percent is disposed of through landfill. The remainder is
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incinerated, 3.5 percent with heat recovery and 5 percent without-8 The organic materials
within domestic waste, for example food, garden waste, paper and cloth, typically account
for 60 percent of the total mass, refer to benchmarkanalysis of Domestic Waste Recycling,
Annexe 3.11.
From the benchmark analysis, the typical dwelling produces 8.7 kg per person per week of
domestic waste, or 452.4 kg-p-1.
a-1. All of this will assumed to be disposed of by landfill. In
the 'urban house in paradise' the refuse that is disposedof as opposed to recycled amounts
to 2.4 kg per person per week, or 124.8 kg.p-l.a-1. For each kilogram of waste disposed of
by landfill, 0.15 kgCH4and 0.39 kgC02will be produced. Therefore, the emissions of CH,,
and C02as a result of the waste disposedof per person per annum will be:
typical dwelling
= 67.8 kgCH4and178.5 kgC02
'urban house in paradise'

= 18.7 kgCH, and 49.2 kgC02

Therefore, the reduction is 49.1 kgCH4 and 129.3 kg C02 per person or, assuming average
dwelling occupancy of 2.4 people, 117.8 kgCH4 and 310.3 kgCO, per household. From
Rodhe, each kilogram of CH4emitted into the atmosphere has the equivalent effect of 70
kilograms of C02. Therefore, if the reduction of waste to landfill creates a reduction of 117.8
kgCH4being emitted into the atmosphere,this will be the equivalent of a reduction of 8,246
kgC02. Added to the GO, that is emitted as a result of the decompositionof the waste, this
equates to a total reduction of 8,556.3kgCO,.
However, it must be remembered that this is the quantity of gas that is produced by the
waste over the total period of decomposition. This is a period of 50 years or more. Also,
this figure represents the theoretical maximum emission through the chemical process of
complete decompositionof the waste. In reality this is likely to be less, due to there being
insufficient water and oxygen available for decomposition, and some waste being
unavailable for decomposition,such as any sealed within plastic bags. This level, therefore,
presents a worst case scenario.
Whilst there will also be emissions arising from the processing of the materials sent to be
recycled into their recycled form, this is discounted. These are considered to be equivalent
to the emissions that would be created by the processing of the virgin materials that would

8 Departmentof the Environment. 'Authoritative MunicipalWaste Statistics Released',press release,
9 June 1997.
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have been used had the recycled ones not been available. Furthermore, in research
suggests that the quantity of energy consumed in refining recycled materials is less than
that consumed in processingvirgin ones.
Therefore, the total equivalent reduction of CO, emission per annum by moving from the
level of waste disposed to landfill in the typical dwelling, to the level of the 'urban house in
paradise'will be,
- 171.1 kgCO,.a"

5.1.11 Ecological Significance of the Site
that the meanoccupancylevelof
Underthe Density:Qualitativecriterion,it was determined
2.4 peopleper dwelling,64 M2Oflandwill be attributableto eachdwelling. The Ecological
Significanceof the Site benchmarkstatesthat 100percentof the land used by the 'urban
housein paradise'willbe brownfieldas opposedto greenfield.As greenspacecontributes
to a reduction in the net levels of C02 in the atmospherethrough the process of
photosynthesis,this reduction in the consumptionof greenfield land by housing
developmentcan be translatedinto a reductionOfC02. Thiswill be a theoreticalmaximum
value, as the levels 01 C02 sequesteredare based on the most efficient types of
greenspace,namelyforests; agriculturalland will not be capableof providingthe same
levelsof net reduction.
The level of sequestering has been determined as 1.8 tonnes of carbon per hectare per
annum. This can be translated as 0.66 kgC02- M-2a-'. Therefore a green space land
reduction of 64 M2 will equate to a potential C02 reduction of:

0.66 x 64

= 42.2 kgCO,.a-I

5.1.12 Ecological Weight: Embodied Energy
The effect of this benchmark on CO, emissions will be considered under the Ecological
Weight: C02Emissions criterion. Its effect will be:
= 246.2 kgC02.a-'
However, there will also be a reduction in the emissions of other gases are also produced
through the combustion of fossil fuels. The significant of these in terms of contribution to
global warming are methane (CH4) and nitrous oxide (N20). The other emissions will be
consideredunder the parametersof Pollutionand Contributionto the Depletionof the Ozone
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Layer. For the purposes of comparative analysis, from the Ecological Weight: Embodied
Energy and Space Standards: Area benchmarks, it can be determined that the embodied
energy for the 'typical' dwelling is:
1,000 x 48.5

48,500 kWh

Also, that the embodied energy for the 'urban housein paradise' is;
= 14,950 kWh

250 x 59.8

Therefore, the reduction in embodied energy that will be achieved through the benchmark
reduction is:
48,500 - 14,950

= 33,550 kWh

Across the design life span of the dwelling, this is the equivalent annual reduction of:
33,500/120

= 279.2 kWh.a-I

The Building Research Establishment'sMethodologyfor EnvironmentalProfiles determines
the emissions associated with fuel consumption from the NETCEN National Atmospheric
Emissions Inventory, based on 1996 figures, which are the most recent available.0 These
figures also take into account the upstream emissions arising from the extraction, refining,
supply, and transmissionas well as the energy consumedin extraction, refining and supply.
They are summarisedin the table below.

Gas Emitted

Emissionfactors of fossil fuels (g.kWh-1)
Gas

Oil

Coal

CH,

0.403

0.076

0.940

N,O

0.00036

0.00212

0.02689

Emissionof methane and nitrous oxide by different fuel types

In terms of generating electricity, accounting for the inefficiencies of power stations and
transmission means that per kWh of delivered energy the emissions of CH4 and N.0 is
summarisedin the following table.

9 Howard, Nigel, Suzy Edwardsand Jane Anderson. Op. Cit.
a
priorhislng:greenhousegas emissionS-5.2.0
1:

Emissionfactors (g.kWh-' di

Gas Emitted

red electricity)

Gas

Oil

Coal

CH,

1.008

0.190

3.133

N,O

0.00090

0.00530

0.08963

Emissionof methaneand nitrous oxideby differentfuel types by deliveredelectricity

On the basis of the fossil fuel mix used to generate electricity, derived from the Digest of
United Kingdom Energy Statistics 199810,of 33 percent coal, 31 percent gas, 26 percent
nuclear and 2 percent oil, it can be determined that to generate one kWh of electricity will
create the following emissionsform eachfuel type:
Emissionfactorson the basis of generation mix (a.kWh-11

Gas Emifted

Gas

I

Oil

I

0.312

1
1

0.004

1

1.034

1

1.350

0.00011

1

0.02958

1

0.02997

CH,

1

N20

1 0.00028

TOTAL

Emissionof methaneand nitrousoxide on the basis of generation mix

The values for natural gas and petroleum consumption will account for the typical relative
efficiency of appliances consumingthose sources."
It is assumed that a 1: 11 ratio for the mixture of electricity: gas: petroleum fuel types is used
during the period of embodied energy consumption, this gives a consumption per fuel type
of 93.1 kWh. a".

It may be possible to determine a more accurate value for specific

materials dependent upon the balance of fuels types used. This would require a detailed
profile to be established for each material. Such work has been commenced by the Building
Research Establishment, in terms of studying materials within factory production processes,
which is held on a confidential database and therefore access to this information was not

10 Department of Trade and Industry. Digest of United Kingdom Energy Statistics 1998, London:
HMSO, 1998.
" Thomas, Randall (ed). EnvironmentalDesign, London:E&FN Spon, 1996.
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possible.12 Hence the calculation is based upon a 1:11 ratio. Therefore, the greenhouse
gas emissions associatedwith each fuel are:
Electricity:
93.1 x 1.350
93.1 x 0.02997
Gas:

93.1 x 0.448
93.1 x 0.00039

Petroleum

93.1 x 0.162
93.1 x 0.12378

= 125.6 gCH4.a"
= 2.79 gN20.
a-1
= 41.7 gCH,.a-1
^O-aýl
= 0.04
gCH4-aý'
= 15.1
= 11.5gN20.a*l

182.4 gCH4.a:l
14.3 gN20-a'l
As methane is 70 times as effective, gram for gram, as C02 in terms of its contributionto the
greenhouse effect, the emissions of CH4 arising from the embodied energy will be the
equivalent of 182.4 x 70 = 12.8 kgCO2. As nitrousoxide is 200 times as effective, gram for
gram, as C02 in terms of its contributionto the greenhouse effect, the emissions of N20
arising from embodiedenergy will be the equivalentof 14.3 x 200 = 2.9 kgC02Therefore, the total reductionin the contributionto the greenhouseeffect made by achieving
the benchmark of the'urban house in paradise'will be:
246.2 + 12.8 + 2.9
= 261.9 kgCO,.a-I

5.1.13 Ecological Weight: EmbodledC%Emlsslon
From the benchmark analysis there are values of the consequent COý emissions from the
embodied energy in materials for both the typical dwelling and the 'urban house in paradise'.
These are 360 kgC02- M-2 and 90 kgCO2.M-2 respectively.

From the Space Standards

research, at an average occupancy of 2.4 people, the typical speculative built dwelling will
be 48.5 m2; the area of the 'urban house in paradise' will be 59.8 m2 for the same number of
occupants.

Therefore:

Typical spec built dwelling
'urban house in paradise'

= 48.5 x 360
= 59.8 x 90

= 17,460 kgCO,
= 5,382 kgCO,

12Personal communication:Jane Anderson,Consultant, Centre for SustainableConstruction,Building
ResearchEstablishment,13 January 2000.
m
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To convert this into the emissionover the period of one year, this value will be divided by the
design life span for each dwelling,which is taken from the Definitionof Lifecyclecriterion:
Typical spec built dwelling

= 17,460 / 60

= 291 kgCO,z'

'urban house in paradise'

=5,382/120

=44.9kgCO2-a72

Therefore, the reductionin carbon dioxide emissionthat would be achieved by moving from
the typical speculativestandardto the benchmarkof the Iurban house in paradise'would be:
291-44.9

= 246.2 kgCO,.a-I

5.1.14 Energy Consumption: Construction Processes
Under the criterion of CO, Emissions: construction and cleconstructionit was determined
that the reduction in C02 emissions from construction processes would be 30.2 kgCO,.a,l.
As for the other criteria that benchmark a reduction in the consumption of fossil fuel, there
will also be a reduction in other gases that contributeto global warming.
The reduction in energy consumption during on site construction can be determined from
the benchmark analysis. From the mean occupancy value, Space Standards: Area and
Energy Consumption: Construction Processes benchmarks, the reduction in energy
consumption can be determinedas:
'typical':

150 x 48.5

= 7,275 kWh
= 4,485 kWh

'urban house in paradise'

75 x 59.8

.,. reduction=

7,275 - 4,485 = 2,790 kWh

Across the life span of the dwelling, this will equate to an annual equivalent reduction of:
2,790/120

= 23.3 kWh.a-I

In terms of fuel mix, gas will not be used as much for a fuel source during on site
and therefore the ratio has been proposed as 4.5: 4.5: 1 for
construction,
electricity: petroleum: gas.

Therefore, the reduction in the emissions of methane and nitrous oxide emissions by fuel
type will be:
Electricity:

10.5 x 1.350
10.5 x 0.02997

Gas:

2.3 x 0.448

14.18 gCH4.a-1
= 0.31 gN20.a-1
= 1.03 gCH,.a-1
0
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Petroleum

2.3 x 0.00039

= 0.001 gN20. a"

10.5 x 0.162

= 1.70 gCH4.a-1

10.5 x 0.12378

= 1.30gN. C).a"
16.91gCH4,a'l
1.61gN20.a*l

As methane is 70 times as effective,gram for gram, as C02 in terms of its contributionto the
greenhouse effect, the emissions of CH4 arising from the embodied energy will be the
equivalent of 16.91 x 70 = 1.2 kgCO2.As nitrous oxide is 200 times as effective, gramme for
gramme, asC02 in terms of its contributionto the greenhouseeffect, the emissions of N20
arising from embodied energy will be the equivalentof 1.61 x 200 = 0.3 kgC02Therefore, in total the reduction in contribution to the emission of greenhouse gases, in
equivalent terms, will be:
30.2 + 1.2 + 0.3

31.7 ki;

CO2-8'1

5.1.15 Energy Consumption: Inhabitation
Whilst the emission Of C02 that arises as a consequence of the burning of fossil fuels to fulfil
the energy demands of the dwelling are determined under C02 Emissions: Inhabitation,
other gases are also produced through the combustion of fossil fuels, albeit to a lesser
extent. The only significant of these in terms of a contribution to global warming are
methane (CH4) and nitrous oxide (N20)- The others will be considered
parameters of Pollution and Contribution to the Depletion of the Ozone Layer.

under the

The values for the emissions per kWh for each fossil fuei type, derived under the Ecological
Weight: Embodied Energy in Materials,can be used here to determine the emissions from
the energy consumed during the period of inhabitation. The electricity saving by moving
from the energy consumptionof the 'typical' dwelling to that of the'urban house in paradise'
would be:
Typical spec built dwelling
'urban house in paradise'

= 48.5 x 38
= 59.8 x 10

= 1,843
= 596

.-. reduction

= 1,245 kWh.a-1electricity
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The reduction in the emissions of CH, and N. 0 will, therefore, be:
1,245 x 1.350
1,245 x 0.02997

= 1,680.8 gCH4.a-'
= 368.3 gN20-aýl

Therefore, the reduction in CH4 and N20 emission as a result of the reduction in electricity
consumption

by achieving the benchmark of the 'urban house in paradise' will be in

equivalent terms, based on effectiveness as a greenhouse gas:
1.68 x 70
= 117.7 kgCO2.a"
368.3 x 200

= 7.46 kgC02. a*l
= 125.1 kgC02. a"

In terms of gas consumption, there will also be consequential emissions of methane and
nitrous oxide, which will also be affected by the efficiency of the appliance converting the
energy. From the Energy Consumption: Inhabitation benchmark, the saving in energy
typically provided by gas can be derived as 6,669.0 kWh.a-1. This value includes the
inefficiency of the individual appliance. Thereforethe emission will be:
6,669.0 x 0.448
6,669.0x 0.00039

= 2.99 kgCH,,.a-I
= 2.58 gN20.a"

Accounting for the equivalent contribution to global warming, based on effectiveness as a
greenhouse gas:
2.99 x 70
2.58 x 200

= 209.1 kgC02.a-1
= 0.5 kgC02.a`
= 209.6 kgC02.a-'

Therefore, the total reduction in the contribution to global warming that would be achieved
by moving from the energy consumptionof the 'typical' dwelling to the consumption level of
the'urban house in paradise'would be:
1,794.8+ 125.1 + 209.6

2,129.5 kgC02-8-'

5.1.16Energy Generation:Inhabitation
The Energy Generation benchmark measures the contribution made by the use of
renewable sources of energy by the dwelling project. Under the definition in GIR 53 of a
zero CO, or autonomousdwelling demands that such sources do not contribute to any CO,
emissions. Therefore,the energy generated by the dwelling has the potential to contribute
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to a reduction in CO, emissions. The ideal benchmarkof energy generation is at least equal
to that of the Energy Consumption: Inhabitation benchmark, to create a zero energy
Therefore, the reduction in emissions will be equal to the CO, Emissions:
Inhabitation benchmark, of 10.7 kgCO,.m-2.
a". It is important that any reductions a not

dwelling.

double counted; including the reduction in emissionscreated by achieving the benchmarkof
Energy Consumption: Inhabitation within this criterion would count the reduction twice.
However, if the Energy Consumption:Inhabitation benchmarkwere not achieved, and the
Energy Generation level increased as a result, then its contributionto reduction would also
increase. Therefore, it is important to view the Consumptionand Generation benchmarks
as closely interrelated.
It the area of the dwelling, based on typical occupancy figures is 59.8 M2,then the overall
reduction in emissionsfor the'urban house in paradise'will be:
= 639.9 kgC02.a7I

10.7 x 59.8

However, there will also be an additional contribution made through reductions in the
emission of methane and nitrous oxide, the other greenhouse gases that are created
through the burning of fossil fuels. If the Energy Consumptionbenchmark is achieved, then
the reduction in the consumption of fossil fuels created by the Energy Generation:
Inhabitation benchmark will be 25 kWh.M-2a-'. If the area of the dwelling, based on typical
occupancy figures is 59.8 ml, then the overall reductionin fossil fuel consumption will be:
12 x 59.8
= 717.6 kWh.a-' gas
13 x 59.8

= 777.4 kWh.a" electricity

The emissions of CH, and N20that are associated with the burningof these fuel types have
been determined under the Energy Consumption: Inhabitationbenchmark. Therefore, the
emissions that would be created by these energy consumption values can be determined

as:
717.6 x 0.448

= 321.5

777,4 x 1.350

= 1,049.5 gCH. -a«'
= 1,371.0 gCH4.a«'

717.6 x 0.00039

= 0.280 gN,O.a"
= 23.299 gN20.a-'

777.4 x 0.02997

gCH4-c"1

= 23-579 gN20-a-'

a
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As, gramme for gramme, CH, contributes 70 times the effect of C02 to the greenhouse
effect, and N,O contributes 200 times, in equivalentterms this will equate to a reduction in
the contribution to global warming of:
1.37 x 70
0.023 x 200

= 95.9 kgCO,. a"
= 4.7 kgC02-aýl

Therefore, in total the contributionto the reduction of greenhousegas emissions that would
be created by achieving the EnergyGeneration: Inhabitationbenchmark would be:
639.9 + 95.9 + 4.7

= 740.5 kgCO,.a-'

5.1.17 Green Space
As green space is an absorber of C02- through the process of photosynthesis, the
benchmarked provision of greenspace, both as a habitat and as a food provider, will
contribute to the net reductionofC02within the atmosphere.
As outlined under the Density:Quantitativecriterion, research into the ecological footprint of
fossil fuels has determined the most effective assimilators of C02 in terms of greenspace,
which are forests, can sequester 1.8 tonnes of carbon per hectare.13 This value can be
used to determinethe best case scenario for the potential level of annual C02 absorption by
the greenspace benchmarkedto be providedfor each dwelling.
Taking the benchmark that a space 25 percent of the floor area of the dwelling will be
provided for each new dwelling created, then for a typical occupancy of 2.4 people, this will
be 25 percent of 59.8 M2, or 14.95 M2- From the relative atomic masses, 1 kgC is the
equivalent of 3.67 kgCO2. Therefore, the assimilative capacity of the greenspace will be 6.6
tonnes C02 annually per hectare.

This can be converted to 0.66 kgC02-M'I. aý'. For a
greenspace with an area of 11.96 M2, this will equate to:
0.66 x 14.95
= 9.87 kgCO,. a-I

5.1.18 Lifecycle cost
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the greenhouseeffect.
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5.1.19 Nitrogen Oxide Emissions from Gas Boilers
The nitrogen oxide emissions from gas boilers benchmarked by the matrix are quantified
under the generic term of NOx emissions. A proportion of this total emission value will be
the gas N20- which from the Other Green House Gas benchmark analysis can be seen to
have a4 percent relative contributionto the anthropogenicgreenhouseeffect. From Rodhe,
it can be determined that 1 kgN20 will have an equivalent contribution to the greenhouse
effect as 200 kgCO2.14However, as the reductionof N20 is intrinsically intertwined with the
reduction of fossil fuel consumption,the reductionof N20 emissions will be considered as a
part of the contribution to the reduction of global warming made by benchmarks that
contribute to the reductionof fossil fuel consumption.

5.1.20 Other Ecological Impacts of Materials
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the greenhouseeffect.

5.1.21 Other Greenhouse Gas Emissions
Methane
The reduction in emissions of methane achieved by the benchmarksof the 'urban house in
paradise' will be considered under each relevant criterion. For the purposes of
comparability, the level of emission will be converted into an equivalent value of CO,
emission, on the basis of its relative contributionto the greenhouseeffect.
HCFC6
The reduction of HCFCs will be achieved through the Specification of insulation materials
that have been produced without using any of the variants of the gas as blowing agents. It
has been possible to determine that the manufacturer Cellotex uses the HCFC 141 B as a
blowing agent in the production of some insulation materials. 1,5The global warming potential
of this gas is 150, where C02 "":1*16

13Wackernagel,M. and W. Rees. Our EcologicalFootprint,Oxford: New SocietyPublishers, 1996.
14Rodhe, Henning. 'A Comparisonof the Contributionof Various Gases to the Greenhouse Effect',
Science, 8 June 1990.
15Personal communicationwith Cellotexand EcothermLtd.
16Thomas, Randall(ed). Op. Cit.
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Despite

extensive

correspondence

being issued to both manufacturers

and trade

associations, only one manufacturer would supply details of the quantity of HCFC used in
the production of insulation foams.

In every case where a reason was given for not
supplying values, this was due to the confidentiality of such data. Therefore, the calculation

of the effect of this benchmark will be based on this value of 140 kgHCFC per tonne of
insulation. 17

The volume of insulation used to construct the analysis model of the 'urban house in
paradise', in the Deconstruction and Demolition: Recycling of Materials criterion in the
Contribution to Reduction of Natural Resource Consumptionparameter, is 22.39 M3 The
.
volume of one tonne of insulation with a density of 24 kg.M-3is 41.67M3,which will have an
HCFC content of 140 kg. Therefore,the insulation within the dwelling would have an HCFC
content of:
(22.39 / 41.67) x 140

= 75 kgHCFC

In terms of its relative efficiencyas a greenhousegas, the equivalent mass of C02 is:
75 x 150

= 11,285 kgCO2

Spread across the life span of the dwelling,this is an annual equivalentof,
11,285/120

= 94.0 kgC02.a-I

However, this value is based on the assumptionthat all of the gas encapsulated within the
insulation will be released. The value of the proportion of gas released during the
manufacture of HCFC insulation is 5 percent." Adopting this proportion gives a value for
the reduction in emissionsof,
94.0 x 0.05

4.70 kgCO,.a-'

17Two values were given by the manufacturer,one of 140 kgHCFC per tonne for foam with a density
of 24 kg.m-3and 95 kgHCFC per tonne for foam with a density of 55 kg.m-3. The former value is used
because the manufacturerstates that this is the one most frequently supplied, as it both reduces
material costs and has a better value of thermal conductivity.
18 Personal communication with Mr G. W. Ball, President of the British Rigid Urethane Foam
Manufacturer'sAssociation, 25 April 2000. The communicationStated that 5 percent of the added
blowing agent is lost during manufacture. None is lost during use, and upon demolitionthe insulation
is collected and combusted to destroy the blowing agent without emission to the air, in accordance
with a draft EU Directiveon dernolitionwaste.
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However, this value assumes that the insulation that would be specified in the 'typical'
dwelling would always one that used an HCFC blowing agent. Due to the quantity of other
materials that do not, this is unlikely.
Tropospheric Ozone
Under the benchmark analysis it was determined that the contribution to the production of
tropospheric ozone (03), which has a contributoryeffect to global warming was produced by
the emission of both nitrogenoxide (NO) and nitrogendioxide(NO.).
The quantitative level of the emission of oxides of nitrogenarising from the burning of fossil
fuels in terms of the energy produced can be derived from the Digest of United Kingdom
Energy Statistics 1998;these are, on average,0.2 gNOx.kWh-' for gas appliances and 1.269
gNOx.kWh-I delivered for electricity.19 The equivalentcontribution of tropospheric ozone to
the greenhouse effect can also be determinedquantitatively. From Rodhe, one kilogram of
tropospheric ozone has the equivalenteffect of 1,800 kgC02However, what has not been determined quantitativelyare firstly, the specific levels of NO
and N02 emissions as constituentsof the general NOx value, and secondly the amount of
03 that is produced as a direct consequenceof the emission per unit mass of NOx and NO
and N02. Therefore, the effect of the emissions of NOx on the overall contribution to
sustainability is considered under the parameter of Contribution to the Reduction of
Pollution, as opposed to this one. Thus the contribution which is made by achieving the
benchmarksthat have an impact on NOx emissionswill be accountedfor, but in direct terms
of the quantity of emission rather than the equivalent effect of that emission on global
warming. To consider them under both parameterswould double count the reduction.
Nitrous Oxide
It has been established from ROdhethat the equivalent contribution of 1 kgN20 is 200
kgC02. The effect of N20 will be considered under the parametersof Energy Consumption
and Embodied EnergyConsumption,as it is through the reduction in fossil fuel consumption
that reductions in the emission of N20 will be achieved. As it would be impossibleto reduce
N20 emissions other than by reducing fossil fuel consumption, it was not considered
appropriate to separatethen into the Other GreenhouseGas emissions criterion.

19 Refer to parameter of Prioritising: Contribution to the Reduction of Pollution, Annexe 5.2, and
criterion of Energy Consumption:Inhabitation,Annexe 3.16, for the derivationof these values.
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5.1.22 Pollution: Energy Consumption during Inhabitation
This benchmark is a measure of the level of pollution that is caused by the energy
consumed during the period of inhabitation,measuredon a relative scale, per kilowatt-hour.
It is related to, but assessed independently of, the Energy Consumption: Inhabitation
benchmark, and is intended to ensure that fuels are not used that cause higher levels of
pollution when alternativesare available.
As the benchmark is assessed independentlyof the level of energy consumption,the impact
in terms of this parameter need not be considered in terms of both the level of energy
consumption in the 'typical' dwelling and the 'urban house in paradise', but rather should be
determined on the basis of only the latter.
Therefore, the energy consumption of the 'urban house in paradise', from the Energy
Consumption: Inhabitationbenchmarkis:
1495 kWh.a"

25 x 59.8

As the impact of some of the pollution emissions under this benchmark will be considered
under other parameters, namely those that contribute to pollution not considered by the
other four parameters and ozone depletion, the following table shows which are being
considered here:

Dwelling

Emissions (g.kWh-I delivered)
CH,

N,O

'Typical'

0.628

0.006

'u h in p'

0.314

0.003

Emissionof methaneand nitrous oxideemitted from typical dwelling and 'urban house in paradise'

The level of emissions arising from each benchmarkcan be determinedas,
Typical =
'u h in P'=

0.628 x 1495

= 938.9 gCH4.a-I

0.006 x 1495

= 8.97 g N20. a"

0.314 x 1495

= 469.4 gCH4.a*l

0.003 x 1495

= 4.49 g N20-a-1
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Therefore, the reduction in pollutant emissions that contribute to the greenhouse effect
which would be achieved by moving from the standardof the 'typical' dwelling to that of the
'urban house in paradise'is,
938.9 - 469.4
8.97-4.49

= 469.5 gCH4.a-'
= 4.48 g NO. a7'

Accounting for the equivalent contributionto global warming, based on effectiveness as a
greenhouse gas in the contributionto greenhousegas emissionswill be:
469.5 x 70
4.48 x 200

kgC02,

= 32.9
kgC02.
= 0.90

a"l
a7l

= 33.8 kgCO,.a-I

5.1.23 Procurement strategy
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the greenhouseeffect.

5.1.24 Quality of Internal Environment: Indoor Pollution
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon the greenhouseeffect.

5.1.25 Ouality of Internal Environment: Daylight
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the greenhouseeffect.
5.1.26 Quality

of Internal

Environment:

Ventilation

and Air Tightness

The Energy Consumption: Inhabitationcriterion will determine the contribution made to the
reduction in emissions through improvementsin the efficiency of a number of factors that
contribute to the overall energy consumption of the dwelling. However, reducing the heat
loss that occurs through the ventilation rate and the air tightness of the dwelling's structure
and fabric, as a contributor to this saving, will have a lesser impact upon reducing the
energy consumption.
In order to determine the magnitude of these effects, the model of the 'urban house in
paradise' that was developed for the Contribution to the Reduction of Natural Resources
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parameter, defined by a number of the benchmarks,will be used also. This will assist in the
purposes of relative comparabilityof data, Two scenarios were taken, firstly of a dwelling
with natural ventilation and an air tightness value both representativeof a 'typical' dwelling,
and secondly to the standardsof the Quality of the InternalEnvironment:Ventilation and Air
tightness benchmarkof the 'urban house in paradise'. The annual energy consumptionwas
determined using the SAP model for both scenarios.
The reduction in energy consumptionfor space heatingwas determined as 1,966.7 kWh.a-1.
The increase in energy consumption as a result of the additional fans was determined as
59.8 kWh.a7l. The emissions that will arise out of the reduction and consumption can be
determined as:
Inhabitation:
Space heating (gas):

1,966.7 x 0.21

413.0 kgC02. a-1

1,966.7 x 0.448

= 881.1 gCH,. a-1

1,966.7 x 0.00039

= 0.77 gN, O. a"

Accounting for the equivalent contributionto global warming, based on effectiveness as a
greenhouse gas, the emission of CH4and N20 during the period of inhabitationwill be:
881.1 x 70
0.77 x 200

= 61.7 kgC02.a-'
= 0.15 kgC02.
a-'
= 61.8

kgC02.

a7l

Therefore, the total reduction in greenhouse gas emissions, in equivalent terms, from the
reduction in energy consumptiondue to the increasedair tightness and controlled ventilation
rate will be:
413.0+61.8

= 474.8

kgC02.
a"

The additional energy consumption, that powers the fans, will be electrical:
59.8 x 0.36
Electricity:
= 21.5 kgC02-a7l

59.8 x 1.350
59.8 x 0.02997

= 80.7 gCH,.a-1
gN20,
a7l
= 1.79

Accounting for the equivalent contributionto global warming, based on effectiveness as a
greenhouse gas, the emissionof CH4and N,O arising from the embodied energy will be:
80.7 x 70

= 5.65 kgC02.a-I
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1.79 x 200

= 0.36 kgC02.a"
= 6.01 kgC021a-l

Therefore, the effect on greenhouse gas emissions, in equivalent terms, due to the
reduction in infiltration and ventilation rates will be:
21.5+6.01

27.5 kgCO,.a*l

Therefore, the reduction in greenhouse gas emissions created by increasing the thermal
performanceof the dwelling to the benchmarkof the'urban house in paradise' will be:
474.8-27.5

= 447.3 kgCOa-I

This value must be treated with a degree of caution. As this criterion was concerned only
with the direct effects of reducing the ventilation and infiltration rates, all other parameters
were kept constant during the energy consumption modelling. Therefore no account is
made of the consequent impacts of increasingthe standard. These will be accounted for
collectively by the Energy Consumption:Inhabitationcriterion.

5.1.27 Recycling of Construction Waste
From the benchmark analysis it was determined that construction waste can be typically
averaged as 10 percent of the total quantity of materials. As for the Deconstructionand
Demolition: Recyclingof Materials criterion, the materials that will contribute to the emission
of greenhouse gases will be the organic putresciblecontent of the construction waste. This
will be the timber content for the materials identified in the primary bulk material analysisý
the total value of which was 2,285 kg. If the typical waste level is taken as 10 percent, and
the 'urban house in paradise' benchmark as 2.5 percent, then the reduction in timber waste
sent to landfill will be:
2285 x 0.1
2285 x 0.025

= 228.5 kg
= 57.1 kg

228.5 - 57.1
.*. reduction=

= 171.4 kg

Spread across the life span of the dwelling, this would equate to an equivalent annual
reduction of:
171.4/120

= 1.43 kg.a-1
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The quantity of timber that will decomposewill be 50 percent of the total sent to landfill; the
rest will remain inert. For each kilogram of waste disposed of by landfill, 0.15 kgCH, and
0.39 kgCO, will be produced.20 Therefore,the emissionsof CH4andCO2as a result of the
waste disposed of per annum will be:
(1.43 / 2) x 0.15

0.11 kgCH4

(1.43 / 2) x 0.39

= 0.28 kg CO,

From Rodhe, each kilogram of CH4emitted into the atmospherehas the equivalent effect of
70 kilograms of CO,. Therefore,the total equivalentC02 emission will be:
(0.11 x 70) + 0.28

= 7.98

kgC02

However, it must be rememberedthat this value representsthe total quantity of gas that is
produced by the waste over the total period of decompositionof at least 50 years, therefore
this will translate to an annual emissionof:
7.98/50

= 0.16 kgCO,.a-l

5.1.28 Recyclability of Building: Adaptability
in terms of its benchmark value, this criterion is considered to have no directly measurable
consequential reduction upon the greenhouseeffect.

5.1.29 Space Standards: Area
Increasing the space standards of the dwelling will have an impact on the overall CO
2
The
for
Ecological
that
dwelling.
the
Weight:
C02
units
of
magnitude
Emission
emission of
of Materials are kgC02.M-2, and for the C02 Emissions:Inhabitationare also kgCO,.M-2 and
,
are therefore affected by changes in the area of the dwelling.
For the average occupancy of dwellings in the United Kingdom, of 2.4, the Space Standards
analysis gives a typical dwelling area of 48.5 M2; forthe Iurban house in paradise'this rises
to 59.8 M2 an increase of 11.3 M2.
,

Therefore, the increase CO, emission that will occur as a result of the average increase in
Space standards will be:

20Tchobanoglous,George, Hilary Theisen and Rolf Eliassen. Solid Wastes Engineering principles
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embodied in materials (11.3x9O)/120
during inhabitation

= 8.48 kgCO,.a-'
= 120.9 kgC02.a-1

11.3 x 10.7

= 129.4 kgCO,.a*'

Total

However, this will not be the only effect that an increase in Space Standards has upon the
emission of greenhouse gases. There will also be emissions of CH4 and N20 during the
period of inhabitation and from the embodied energy consumed.

To complete the emissionsduring inhabitation,the emissionsof CH4and N20that will arise
due to the increase in area is:
11.3 x 15

= 169.5 kWh gas
=1 13.0 kWh electricity

11.3 x 10
169.5 x 0.448

Gas:

= 75.9 gCH4.a-I
= 0.066 gN.0/a

169.5 x 0.00039
Electricity:

113.0 x 1.350
113.0 x 0.02997

gCH4-a"
= 152.6
= 3.39 gN20.a*l

228.5 gCH4.a"
3.45 gN20,a"
Accounting for the equivalent contributionto global warming, based on effectiveness as a
greenhouse gas, the emission of CH4and N20 during the period of inhabitationwill be:
226.2 x 70
3.45 x 200

= 16.0 kgC02.a"
= 0.69 kgC02.a-I
kgC02.
= 16.7

a"

The greenhouse gas emissionsthat arise due the increase in area that are attributable to
the embodied energy consumptionof the dwelling can be determinedas:
Embodied energy:
Electricity:

(11.3 x 250) / 120
7.85 x 1.350

= 23.5 kWh.a-'
= 10.6 gCH4.a-I

7.85 x 0.02997

= 0.24 gN20.a-I

and ManagementIssues, Lond0n: McGraw-Hill,1977.
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Gas:

7.85 x 0.448
7.85 x 0.00039

Petroleum

7.85 x 0.162
9.41 x 0.12378

= 3.52 gCH. a-1
= 0.0031 gN20. a"'

= 0.97 gCH4.a-'
= 1.16 gN20.a«'
15.4 gCH4-a"
1.21 gN20-a"

Accounting for the equivalent contribution to global warming, based on effectiveness as a
greenhouse gas, the emission of CH4and N20 arising from embodied energy consumption
will be:
15.4x 70
1.21 x 200

= 1.08 kgCO2.a-I
= 0.24 kgC02,a'l
= 1.32 kgC02.a-1

Therefore, in total the effects of the Space StandardsýArea benchmark on the contribution
to the reduction of greenhousegas emissionswill be:
129.4 + 16.5 + 1.32
= 147.22 kgC02.a"
It should be emphasisedthat this value is an increase in emission, rather than a reduction.
In the interests of continuity, it will be conceived of as a negative contribution to the
reduction of the greenhouseeffect and would,therefore, have a value of,
= -147.2 kgCO,.a-I

5.1.30 Space Standards: Volume
The increase in volume of the dwelling by this benchmarkwill be achieved by an increase in
the area of the dwelling, as well as its internal height. As the level of C02 emission is
quantified per unit area, the increase in the volume of the dwelling will be considered to be
the same as that of the increase in area, benchmarked by the Space Standards: Area
criterion. The additional space to be healed that is created by the increase in internal height
will be accountedfor within the SAP methodof determiningenergy consumption,and thus in
the methodology usedto determinethe consequent C02 emissions. Therefore,the increase
in height will be accounted for when determining the Performanceof a dwelling against the
benchmark ofC02 emissions, and so the additional effect need not be considered in terms
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of prioritising. Thus the contribution is the same as that of the Space Standards: Area
criterion.
= -147.2 kgCO,.a-l

5.1.31 Thermal Performance
The Energy Consumption:Inhabitationcriterion will determine the contribution made to the
reduction in emissions through improvements in the efficiency of a number of factors that
contribute to the overall energy consumptionof the dwelling. However,there will be a lesser
benefit through solely increasingthe thermal performanceof the fabric of the dwelling; this
value will also be affected by the increase in the embodiedenergy of the fabric.
In order to determine the magnitude of these effects, the model of the 'urban house in
paradise' that was developed for the Contribution to the Reduction of Natural Resources
parameter, defined by a number of the benchmarks,will be used also. This will assist in the
purposes of relative comparability of data. Two scenarios were taken, firstly with the
dwelling insulated to current Building Regulation standards, and secondly to the standards
of the Thermal Performance benchmark of the 'urban house in paradise'. The annual
energy consumption, determined using the SAP model for both scenarios, and the
embodied energy of the additional insulationwere calculated.
The reduction in energy consumptionfor space heating was determined as 569 kWh.a-1.
The increase in the embodied energy was determined as 5,395 kWh; spread across the
design life span of the dwelling this would equate to an annual equivalent value of 45.0
kWh-a7'. The emissions that will arise out of the reduction and consumption can be
determined as:
Inhabitation:
Space heating (gas):

569 x 0.448
569XO. 00039

254.9 gCH4.a"
=0.22gN20. a"

Accounting for the equivalent contributionto global warming, based on effectiveness as a
greenhouse gas, the emission of CH4and N20 during the period of inhabitation will be:
254.9 x 70

= 17.8 kgCO,, a7'

0.22 x 200

= 0.(A kgCO,. a-1

= 17.9 kgC02.a-'
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From the SAP Proceduredocumentation,it can be determinedthat the CO, emission arising
from gas consumption,in terms of kgC02.kWh-' delivered,is 0.21 kgC02.kWh-1.
569 x 0.21

= 119.5

kgC02-aýl

Therefore, the total reduction in greenhouse gas emissions, in equivalent terms, from the
reduction in energy consumptiondue to the increasedthermal performancewill be:
17.9+119.5

= 137.4 kgC02.a*l

15.0 x 1.350

= 20.2 gCH4.a*'

15.0 x 0.02997

= 0.45 gN20-a"

15.0 x 0.448

= 6.72 gCH4-a"
= 0.006 ^O-aý'

Embodied (1:11):
Electricity:
Gas:

15.0 x 0.00039
Petroleum

15.0 x 0.162
15.0 x 0.12378

= 2.43 gCH4-aý'
= 1.86 ^O. aýl

29.3 gCH,.a-'
2.32 gN20.a-'
Accounting for the equivalent contributionto global warming, based on effectiveness as a
greenhouse gas, the emission of CH4and N20 arising from the embodied energy will be:
29.3 x 70

= 2.05 kgC02. a"

2.32 x 200

= 0.46 kgC02-a"

= 2.50 kgCO,.a"
During the analysisfor the EcologicalWeight: Embodied C02 benchmark,it was derived that
the typical emission per unit of embodied energy is 0.36 kgC02.kWh".
15.0 x 0.36
= 5.40 kgC02.a"
The total emissions of greenhousegas, in equivalentterms, due to the additional embodied
energy consumedto achievethe thermal performancebenchmark is:
2.50+5.40
= 7.9 kgC02.a"

priorifising:greenhousegas emissions-5.2.01:0

Therefore, the reduction in greenhouse gas emissions created by increasing the thermal
performanceof the dwelling to the benchmarkof the'urban house in paradise'is:
137.4 -7.9

= 129.5 kgCO,.a-I

This value must be treated with a degree of caution. As this criterion was concerned only
with the direct effects of increasingthe thermal performance,aJIother parameterswere kept
constant during the energy consumption modelling. Therefore no account is made of the
consequent impacts of increasing the standard, such as affects on the type of heating
system that would be specified. All of these will be accountedfor collectively by the criterion
of Energy Consumption:Inhabitation.

5.1.32 Use of Recycled Materials
As with the Domestic Waste criterion whilst there will be an embodied energy consumption,
and therefore consequent C02 emission, associated with the processing of recycled
materials, the effect of this will be considered to be the equivalent of that consumed and
emitted by the processingof virgin materials. Therefore,this will be accountedfor within the
Ecological Weights criteria. Throughthe use of reclaimedtimber, there will be a contribution
to reducing atmospheric C02 through a reduction in tree felling. Quantifying this will be
dependent upon determining the area of forest per tonne of timber consumed. Also there
will be a reduction through the materials not sent to landfill.

5.1.32 Use of Renewable Raw Materials
Through the use of renewable source timber, there will be a contribution to reducing
atmospheric C02 through a reduction in tree felling. However, in terms of its benchmark
value, this criterion is not considered to have a direct consequential reduction upon the
greenhouse effect.

5.1.33 Utillsation of Local Resources
The only determinableeffect that the utilisationof local resourcesmay have on the reduction
of pollution emissions will be through the reduction in transport. It has not been possible to
determine the magnitudeof total energy consumedthrough this criterion, and the mix of fuel
types that would be used. Also, a benchmark for the typical dwelling could not be
determined. Therefore it is not possible to establish the relative contribution of this criterion
to the parameter of the reductionof greenhousegas emissions.
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5.1.34 Water Consumption: Construction
From the benchmarkanalysisof thiscriterion,it wasdeterminedthat the typicaland 'urban
house in paradise'benchmarksof waterconsumedduringthe constructionof the dwelling
are 34.1 and 8.5 litres per squaremetre. For the averageoccupancyof dwellingsin the
UnitedKingdom,of 2.4,the SpaceStandardsanalysisgivesa typicaldwellingareaof 48.5
m2;for the 'urbanhousein paradise'this risesto 59.8m2. Therefore,the quantityof water
consumedin theconstructionof thesetwodwellingscan be determinedas,
48.5x 34.1
= 1,653.8litres
59.8x 8.5
.-. reduction

= 508.3litres
= 1,144.7litres

Accounting for the life span of the dwelling,the annual equivalent reductionwill be:
1,144.7/ 120

= 9.54 litres.a-I

During the analysis to determine the benchmarkof Water Consumption: Inhabitation,it was
established that, 1 litre of mains water per day equates to the emission of 0.33 kgCO, per
annum. Therefore, the reduction of 9.54 litres.a*l will equate to a reduction of o.00933
kgCO,.a'l.
It was also determined that the reduction of 153.5 litres of potable water consumption per
person per day will equate to an energy reduction of 0.08 kWh of energy per day.
Therefore, the reduction of 9.54 litres per annum will equate to an energy reductionof 0.005
kWh.a-'. The generationof that energy will also create an emission of methane and nitrous
oxide, which will have a contributory effect on global warming. For the purposes of this
calculation, it will be assumed that all of this energy will be electricity. The CH4 and N20
emissions associated with the generating of this energy, by using the figures set out above
in the Energy Consumption:Inhabitationcriterion, by fossil fuels will be:
0.005 x 1.350
0.005 x 0.02997

= 0.0068 gCH4-a'l
= 0.00015 gN20.
a"

As CH4 is 70 times as potent as a greenhouse gas than C02, the equivalent emission will
be:

0.0068x 70

= 0.476kgC02.a*'
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As N20 is 200 times as potent as a greenhousegas than C02, the equivalent emission will
be:
0.00015 x 200

= 0.0300 kgC02.a-'

Therefore, in total the contributionto the reduction of greenhousegas emissionscreated by
the benchmark of water consumptionwill be:
0.00933+ 0.476 + 0,0300

0.515 kgCO,.a-I

5.1.35 Water Consumption: Inhabitation
In the Water Consumption:Inhabitationbenchmark,it was shown that the energy consumed
in the supply and disposal of 600 litres of domestic mains water each day resulted in the
emission of 200 kgCO, per annum. Therefore, 1 litre of mains water per day equates to the
emission of 0.33 kgC02 per annum. The typical mains water consumption, determined
during the analysis of the benchmarks,is 160 litres per person per day. This equates to an
emission level of 53.3 kgC02.a-1.
For the 'urban house in paradise' the level of mains consumption is benchmarked as 6.5
litres per person per day. The energy consumedduring the provision of that water will be
1.4 kWh.a7l,and the energy consumed during the treatment and disposal of 62.2 litres will
be 10.3 kWh.a-. This total of 11.9 kWh per person per year equates to aC02emission of
10.8 kgC02.P'I.a-1.
Therefore, the reduction in emission achieved by the benchmark of the 'urban house in
paradise' over that of the typical dwelling will be, 53.3 - 10.8 = 42.2 kgCO,.p*'.a-'. At an
average occupancy of 2.4 people per dwelling, this equates to a reduction in emission per
typical dwelling of,
= 101.2 kgCO,ol
During the analysis to determinethe benchmarkof Water Consumption:Inhabitation,it was
determined that the reduction of 153.5 litres of potable water consumption per person per
day will equate to an energy saving of 0.08 kWh of energy per day. Across the period of a
year this will equate to an annual reduction of 29.2 kWh. Based on the mean occupancy
figures for dwellings in the United Kingdom of 2.4 people per dwelling, this will equate to an
annual householdreduction of 70.1 kWh, if the benchmarkfor the 'urban house in paradise'
is achieved. The generationof that 70.1 kWh will also create an emission of methane and
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nitrous oxide, which will have a contributory effect on global warming. For the purposes of
this calculation, it will be assumedthat all of this energy will be electricity. The CH4and N20
emissions associated with the generatingof this energy, by using the figures set out above
in the Energy Consumption:Inhabitationcriterion,by fossil fuels will be:
70.1 x 1.350
70.1 x 0.02997

= 94.6 gCH4.a"
= 2.10 gN.O.a"

As CH4 is 70 times as potent as a greenhousegas than C02, the equivalent emission will
be:
94.6 x 70

= 6.62 kgCO,. a-'

As N20is 200 times as potent as a greenhousegas thanC02, the equivalent emission will
be:
2.10 x 200

= 0.420 kg002.a"

Therefore, in total the contributionto the reductionof greenhouse gas emissions created by
the benchmark of water consumptionwill be:
101.2 + 6.62 + 0.420

108.2 kgCO,.a-1

0
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5.2

Prioritising - Contribution to the Reduction of Pollution

To prioritise the benchmarksfor this parameterthe quantity of the reduction of any pollutant
arising directly in connection with the criterion will be determined. This will be the reduction
that will be achieved by moving from the benchmark of the 'typical' dwelling to the
benchmark of the 'urban housein paradise'. If there is more than one pollutant per criterion,
such as for Ecological Weight: Embodied Energy, they will be added together to provide a
total value. For the purposesof comparability,If the value is a one-off emission as opposed
to an annual one, it will be normalised across the life span of the dwelling to provide an
annual equivalent value.
The following presents how the emissions per annum will be determined for each criterion,
where applicable.

5.2.1 C02Ernissions: Construction and Deconstruction
The emissions of C02 have already been quantified under the parameter of Contribution to
the Reduction of Global Warming. To include it under this parameter also would double
count its contributionthe overall reductionof environmentaldegradation.

5.2.2 C02Emissions: Inhabitation
The emissions of C02 have already been quantified under the parameter of Contributionto
the Reduction of Global Warming. To include it under this parameter would also double
count its contributionthe overall reductionof environmentaldegradation.

5.2.3 Carbon Intensity
The emissions of C02 have already been quantified under the parameterof Contribution to
the Reduction of Global Warming. To include it under this parameter also would double
count its contributionthe overall reduction of environmentaldegradation.

5.2.4 Construction Period
In terms of its benchmarkvalue, this criterion is considered to have no direct consequential
reduction upon on pollution emissions.
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5.2.5 Contextual Significance of the Site
In terms of its benchmarkvaJue,this criterion is consideredto have no direct consequential
reduction upon on pollution emissions.

5.2.6 Deconstruction and Demolition: Recycling of Materials
in terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon on pollutionemissions.

5.2.7 Design Life Span
The contribution of the design life span benchmarkto the reduction of pollution will be the
cumulative effect of increasing the design life span of the dwelling by 60 years. To
determine this, each chterion, where applicable, will be taken individually and then the
contributions all summed.
Ecological Weight: Embodied Energy
On the basis of the average occupancy level and the Space Standards: Area benchmark,
the embodied energy for the 'urban house in paradise' is 59.8 x 250 = 14,950 kWh.
Therefore, the effect of the design life span benchmarkwill be:
14,950/120

= 249.2 kWh.a-I
= 124.6 I<Whol

life span
.*. effect of

= 124.6 kWh.a"

14,950/60

The pollution emissions associatedwith this reductionare:
Electricity:

41.5 x 3.167
41.5 x 0.353
41.5 x 0.903
41.5 x 0.581

Gas:

41.5 x 0.008
41.5 x 0.004

Petroleum

131.69S02.a-1
14.7gPM10.a71
37.5gNOx.a"'
24.1gCO.a-1
0.339S02.a"

41.5 x 0.372

= 0.17 gPM10.a71
= 15.4 g NOx.a*'

41.5 x 0.011

= 0.46 gCO.a`

41.5 x 0.642
41.5 x 0.572

= 26.7 9S02. a"
= 23.8 gPM10. a71

41.5 x 5.894

244.8g NOx.a"

41.5 x 3.380

140.4 gCO. a-1
0
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158.6 9SO2.a-'
38.6 gPM10z'
293.7 g NOx.a-'
170.0gCO.a*'
= 664.4 g pollution.a-I
Energy Consumption: Construction Processes
The pollution emissions created by these processes will be included within the overall
calculation of the EcologicalWeight: Embodied Energycriterion, and therefore should not be
included here so that As effect is not double counted when the cumulative total is
determined.
Standards: Area and Volume
Although during the calculation of the effect of the Space Standards: Area and Volume
benchmarks on pollutant emission the design life span of the dwelling was used, it will not
be a part of the cumulative effect of the design life span benchmark. The Ecological Weight:
Embodied Energy criterion has already taken account of the increase in area created by the
Space Standards benchmark.
Thermal Performance
The impact of increasing the level of thermal performanceof the dwelling's fabric will be
accounted for within the Ecological Weight: Embodied Energy criterion, and will not be
assessed here so as no to double count when calculating the cumulative effect.

Therefore, in total the reduction in the emission of pollutants achieved through increasing
the design life span of the dwellingto the benchmarkof the'urban house in paradise'will be:
644.6

= 644.6 g pollution. a"

5.2.8 Density: Quantitative
As for the diversity criterion below, benchmarking the density to the level Proposed by
Friends of the Earth, which is based on thresholds at which public transport and walking
become more chosen options, will have a reduction in private transport use, with
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consequential reduction in the pollution generated by such transportation. The consequent
emissions arising from different modesof transport is shown in the following table.
Emissionsby Modeof Transport(g.tl. km)

EmissionType

Road

Rail

Water

Carbon dioxide

211

102

33

Carbon monoxide

0.90

0.02

0.11

Hydrocarbons

0.68

0.01

0.05

Mtrogen dioxide

2.97

1.01

2.26

Particulatematter

0.39

0.01

0.02

0.20

0.07

0.04

Sulphurdioxide

1

PollutionEmissionsby Different Modesof Transporl

However, due to the complexities involved in determining a quantitative reduction it is
beyond the scope of this study to undertakean analysis of the magnitude of such reduction
in terms of the benchmarkproposed.

5.2.9 Density: Qualitative
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon on pollution emissions.

5.2.10 Diversity: Programme
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
effect on pollution. As for greenhouse gas emissions, an indirect effect that creating a
mixed-use project would be through the reduction in emissions arising from transport
through providing facilities within walking distance. However, it is beyond the scope of this
study to undertake an analysis of the magnitude of such reduction in terms of the
programmaticdiversity benchmarkproposed.

5.2.11 Domestic Waste
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon on pollution emissions.
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5.2.12 Ecological Significance of the Site
Qualitative
it wasdetermined
Underthe Density:
thatthemeanoccupancy
levelof
criterion,
to eachdwelling.TheEcological
2.4 peopleperdwelling,80 M2Oflandwillbe attributable
Significance
statesthat100percentof the landusedbythe 'urban
of the Sitebenchmark
housein paradise'will be brownfieldas opposedto greenfield. Whist plantswithin
as hasbeenquantified
undertheContribution
to the Reduction
greenspace
absorbC02,
of
Effectparameter,
theycanalsoabsorbotherformsof pollution.,However,
the Greenhouse
in the rateof absorption,
differentspecieshavevaryingcapabilities
anddifferentratesof
absorptionfor differentpollutantsfor a givenspecies;thereforeit wouldbe difficultto
valuejuston thebasisof thequantity
of greenspaceprovided,
attributea quantitative
with
astothespecieswithinthatgreenspace.
no qualification
5.2.13 Ecological Weight: Embodied Energy
Whist the emissions of gases that contributeto the greenhouseeffect have been determined
under another parameter,there would also be emissionsof other gases associated with the
combustion of fossil fuels to fulfil the embodied energy demands of the dwelling.
The benchmark analysiscan be used to determine comparable embodied energy values for
a 'typical' dwelling and an 'urban house in paradise' based on the Space Standards: Area
benchmark, using the average occupancy level from census data, and the Ecological
Weight: Embodied Energybenchmark:
'typical'=

1,000 x 48.5

'urban house in paradise'=

250 x 59.8

= 48,500 kWh
= 14,950 kWh

Therefore, the reduction in embodied energy that will be achieved through the benchmark
reduction is:
48,500 - 14,950

= 33,550 kWh

Divided across the design life span of the dwelling, this is the equivalent annual reductionof:
33,500/120

= 279.2 kWh.a-1

The Building Research Establishment'sMethodologyfor Environmental Profilesdetermines
the emissions associated with fuel consumption from the NETCEN National Atmospheric

1 Vale, Brenda and Robert. 'GreenArchitecture?', Building Services,October 1990.
0
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Emissions Inventory, based on 1996 figures which are the most recent available.2 These
figures also take into account the upstreamemissions arising from the extraction, refining,
and supply, as well as the energy consumedin extraction,refining and supply of the energy
to conduct to processes. These emissionsare summarisedin the following table.
Emissionfactors of fossil fuels (g. kWh-1)

Pollutant

Gas

Oil

Coal

S02

0.007

0.555

2.848

PMIO

0.004

0.050

0.315

NOx

0.334

0.480

0.564

CO

0.010

0.051

0.518

Pollutantemissionfactors for different fuel types

In terms of generating electricity, accounting for the inefficiencies of power stations and
transmission after generation means that per kWh of delivered energy the emissionsare as
summarised in the followingtable.

Pollutant

Emissionfactors (g.kWh-'delivered electricity)
Gas

Oil

Coal

S02

0.018

1.388

9.493

PM10

0.010

0.125

1.050

NOx

0.835

1.200

1.880

CO

0.025

0.128

1.727

Pollutantemissionfactors for differentfuel types per kWh of delivered electricity

On the basis of the fossil fuel mix used to generate electricity, derived from the Digest of
United Kingdom Energy Statistics 19983 (33 percent coal, 31 percent gas, 26 percent
nuclear and 2 percent oil), it can be determined that to generate one kWh of electricity will
create the following emissionsform each fuel type.
2 Howard, Nigel, Suzy Edwardsand Jane Anderson. BRE Wthodology for EnvironmentalProfiles of
ConstructionWtenals, Componentsand Buildings. London: ConstructionResearchCommunications
Limited, 1999.
3 Department of Trade and Industry. Digest of United Kingdom Energy Statistics 1996, London:
HMSO, 1998.
M
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Pollutant

Emissionon the basis of generationmix (g.kWh-1)
Oil
Coal
Gas
TAL

so,

0.006

0.028

3.133

3.167

PM10

0.003

0.003

0.347

0.353

NOx

0.259

0.024

0.620

0.903

co

0.008

0.003

0.570

0.581

Pollutantemissionfactorsper kWhof on the basis of generation mix

The values for natural gas and petroleum consumption will account for the typical relative
efficiency of appliances consumingthose sources."
Assuming a 1:1:1 ratio for the mixture of electricity:gas:petroleumfor fuel types used during
the period of embodied energy consumption gives a value per fuel type of 93.1 kWh.a".
Therefore,the emissionsassociated with each fuel are:5
Electricity:

93.1 x 3.167
93.1 x 0.353
93.1 x 0.903
93.1 x 0.581

Gas:

93.1 x 0.008
93.1 x 0.004
93.1 x 0.372
93.1 x 0.011

Petroleum

93.1 x 0.642
93.1 x 0.572
93.1 x 5.894
93.1 x 3.380

9S02-a*'

= 294.7
= 32.8 gPM10.a7l
= 84.0 g NOx.a"'
= 54.1 gCO.a-I
= 0.74 9SO2. a"'
= 0.37 gPM10.a:l
= 34.6 g NOx.a-'
= 1.02 gCO.aýl
= 59.7 9SO2.a*l
= 53.2 9PM 1O.a7l
= 548.7 g NOx.a7l
= 314.5 gCO.a-1

Therefore, in total the reduction in pollutant emissionswill be:
4 Thomas, Randall (ed). EnvironmentalDesign,London: E&FN Spon, 1996.
5 The values determined for NOx emissions have had the N,O component deducted from the NOx
total, as N,O emissions are counted under the parameter of Contribution to the Reduction of the
Greenhouse Effect; not removing them for the Contributionto the Reductionof Pollution parameter
would double count them.
0
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= 355.1 9SO2. a"
= 86.4 gPM10.a7l
= 667.3 g NOxa-l
= 369.6 gCO-a"
= 1,478.4 9 pollution. a-I

5.2.14 Ecological Weight: EmbodiedCo2emission
The emissions of C02 have already been quantifiedunder the parameter of contribution to
the Reduction of Global Warming. To include it under this parameter also would double
count its contributionthe overall reductionof environmentaldegradation.

5.2.15 Energy Consumption: Construction Processes
As for the other criteria that benchmark a reduction in the consumption of fossil fuel, there
will also be a reduction in other pollutants. The reduction in energy consumptionduring on
site construction can be determined from the benchmark analysis. From the mean
occupancy value, Space Standards: Area and Energy Consumption: Construction
Processes benchmarks,the reductionin energy consumptioncan be determined as:
'typical':

150 x 48.5

= 7,275 kWh
= 4,485 kWh

'urban house in paradise'

75 x 59.8

.,. reduction=

7,275 - 4,485 = 2,790 kWh

Across the design life span of the dwelling,this will equate to an annual equivalentreduction
of:
2,790/120

= 23.3 k\Nh. aýl

In terms of fuel mix, gas will not be used as much for a fuel source during on site
construction,

and

therefore

the

ratio

has

been

proposed

as

4.5: 4.5: 1

electricity: petroleum: gas.

Therefore, the reductionin the emissionsof pollutant emissions by fuel type will be:
Electricity:

10.5 x 3.167

33.3 gSO2.a"

10.5 x 0.353

3.71 g PM10.a7l

10.5 x 0.903

9.48 g NOx.a-'
6.10 gCOzI

10.5 x 0.581
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for

2.33 x 0.008

Gas:

Petroleum

2.33 x 0.004

= 0.02 gS0.. a"
= 0.01 9pm10. a71

2.33 x 0.372

= 0.87 g NOx.a-'

2.33 x 0.011

= 0.03 gCO. a-1
= 6.74 gs02*a'l

10.5 x 0.642
10.5 x 0.572
10.5 x 5.894

= 6.01 gPM 1 0.a*'
= 61.9 g NOx.a"

10.5 x 3.380

= 35.5 gCO. a-1

Therefore, in total the reduction in pollutantemissionswill be:
= 40.1 9SO2.a*'
= 9.73 gPM1O.wl
= 72.5 g NOx.a"
= 41.6 gCO.a"
= 163.9 g pollution. a-I

5.2.16 Energy Consumption: Inhabitation
The values for the emissionsper kWh for each fossil fuel type, derived under the Ecological
Weight: Embodied Energy in Materials,can be used to determine the emissions from the
energy consumed during the period of inhabitation. The electricity saved by moving from
the energy consumption of the 'typical' dwelling to that of the 'urban house in paradise'
would be:
Typical spec built dwelling
'urban house in paradise'

= 48.5 x 38
= 59.8 x 10

= 1,843
= 598

.*. reduction

= 1,245 kWh.a-' electricity

Therefore, the reduction in pollutant emissions as a result of the reduction in electricity
consumption will be:
1,245 x 3.167
1,245 x 0.353
1,245 x 0.903
1,245 x 0.581

= 3,942.99SO2.a7l
= 439.5 gPM 1O.a"
= 1,124.2gNOx.a*l
= 723.4 gCO.a"

M
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in terms of gas consumption,there will also be consequentialemissions of pollutants, which
will also be affected by the efficiency of the appliance converting the energy. From the
Energy Consumption: Inhabitation benchmark, the saving in energy typically provided by
gas can be derived as 6,669.0 kWh.W'. This value includes the inefficiency of the individual
appliance. Thereforethe emissionswill be:
6,669.0x 0.008 = 53.49SO2.a-I
6,669.0x 0.004 = 26.7 gPM10.a-1
6,669.0x 0.372 = 2,480.9g NOxa-1
6,669.0x 0.011 = 73.4 gCO.a7'
Therefore, in total the reduction in pollutantemissionswill be:
= 3,9%. 3 002. aýl
= 466.2 gPM 10.a*'
= 3,605.1g NOx.a-I
= 796.8 gCO.aý'
= 8,864.4 g pollution. a-i

5.2.17 Energy Generation: Inhabitation
This criterion will consider the contribution that will be made to the reduction of pollution
emissions if the energy demand of the dwelling were created from renewable sources as
opposed to fossil fuels. If the area of the dwelling, based on typical occupancy figures is
59.8 M2,then the overall reductionin fossil fuel consumptionwill be:
12 x 59.8
13 x 59.8

= 717.6 kWh.a-Igas
= 777.4 kWh.a-' electricity

The emissions of Pollutantsthat are associated with the burning of these fuel types have
been determined under the Energy Consumption: Inhabitation benchmark. Therefore, the
emissions that would be created by these energy consumption values can be determined

as:
Gas:

717.6 x 0.008

= 5.74 9S02-a71

717.6 x 0.004

= 2.87 gPM10. aý'

717.6 x 0.372

= 266.9 g NOxa-'

717.6 x 0.011

= 7.89 gCO. a-'

0
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777.4 x 3.167
777.4 x 0.353

= 2,462.0 9SO2-a7'
= 274.4 g PM 10.a-'

777.4 x 0,903

= 702.0 gNOx-a"

777.4 x 0.581

= 451.7 gCO. a"'

Electricity:

Therefore in total the reduction in emissions that would be achieved by adopting the
benchmark of EnergyConsumption:Inhabitationwill be:
= 2,467.7gSOz'
= 277.3 g PM10.a"
= 968.9 gNOx.a71
= 459.6 gCO.aý'
= 4,165.8 g pollution. a-l

5.2.18 Green Space
As was discussed under the Ecological Significance of the Site criterion, plants can also
absorb forms of pollution. As different species have varying capabilities in the rate of
absorption, and different rates of absorption for different pollutants for a given species, it
would be difficult to attribute a quantitative value just on the basis of the quantity of green
space provided, with no qualificationas to the species within that green space.

5.2.19 Lifecycle cost
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon on pollutionemissions.

5.2.20 Nitrogen Oxide Emissions
The nitrogen oxide emissions from gas boilers benchmarked by the matrix are quantified
under the generic term of NOx emissions,The benchmarkanalysis proposed values for the
NOx emissions of both the 'typical' and the 'urban house in paradise,,these two values are
153 and 60 mg.kWh-' respectively.
The relative contribution to the reduction of pollution that will be achieved through the
benchmark of NOx emissions will have to be calculated for equal levels of energy
consumption. Otherwisethis would, in effect, include the gains achieved by the reduction in
energy consumption, which would mean that they would be double counted. The level of
priorMsing:
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energy consumption that will be used will be that of the 'urban house in paradise', rather
than that of the 'typical' dwelling. Whilst this might be considered as presupposingthat the
benchmark energy consumptionof the 'urban house in paradise' will be met, it is intended
that all of the benchmarksof the matrix will be achieved. If the consumptionof the'typical'
dwelling were used to determine the emission level, then this would lead to a much higher
level of emission than would occur for the 'urban house in paradise'. This may then lead to
a higher priority weighting for NOx emissions,which would present a distorted view of their
overall significance.
The energy consumption for space and water heating, the functions usually served by gas
boilers, is 12 kWh.M-2a-; the area of the dwelling,based on mean occupancy levels and the
benchmarked space standardsis 59.8M2. Therefore,the energy consumptionis:
12.0 x 59.8

= 717.6 kM. a-1

Emissions arising from this level are:
'typical':

717.6 x 153

'u h in p':

717.6 x 60

= 109.8 g NOx.a,I
= 43.1 g NOx.a-I

Therefore the reductionin pollution emissionsachieved by the benchmarkreduction is:
109.8-43.1

= 66.7 9 pollution. a-I

5.2.21 Other Greenhouse Gas Emisslons
Methane
The emission of methane has been considered under the parameter of Contribution to the
Reduction of Global Warming. It will not be included here in order that it is not double
counted.

CFCs
The emission of CFCs has been considered under the parameter of Contribution to the
Reduction of Global Warming. It will not be included here in order that it is not double
counted.
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HCFCs
The emission of HCFCs has been considered under the parameter of Contribution to the
Reduction of Global Warming.

It will not be included here in order that it is not double

counted.

Tropospheric Ozone
The emission of Tropospheric Ozone has been considered under the parameter of
Contribution to the Reductionof Global Warming. It will not be included here in order that it
is not double counted.
Nitrous Oxide
The emission of N20 has been considered under the parameter of Contribution to the
Reduction of Global Warming. It will not be included here in order that it is not double
counted.

5.2.22 Other Ecological Impacts of Materials
The pollution that would arise as a consequenceof the other ecological impacts of materials
would be that other than from the fossil fuels consumed during extraction, processing and
transport which is accounted for under the Ecological Weight: Embodied Energy criterion.
The contribution of this criterion would be from wastage in these processes, if waste were
considered as a form of pollution, and from emissions into the local environment from the
extraction processes. However, data of the wastagerates of different materials per tonne of
material extracted could not be determined, therefore the contribution to the reduction of
pollution generated could not be determined.

5.2.23 Pollution: Energy Consumption Inhabitation
This benchmark is a measure of the level of pollution that is caused by the energy
consumed during the period of inhabitation,measured on a relative scale, per kilowatt-hour.
It is related to, but assessed independently, of the Energy Consumption: Inhabitation
benchmark, and is intended to ensure that fuels are not used that cause higher levels of
pollution when afternativesare available. As the benchmark is assessed independently of
the level of energy consumption, the impact in terms of this parameter need not be
considered in terms of both the level of energy consumption in the'typical' dwelling and the
'urban house in paradise', but rathershould be determinedon the basis of only the latter.
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Therefore, the energy consumption of the 'urban house in paradise', from the Energy
Consumption: Inhabitationbenchmark is:
1495 kWh.a7'

25 x 59.8

As the impact of some of the pollution emissions under this benchmark will be considered
under other parameters, namely those that contributeto the greenhouse effect and ozone
depletion, the followingtable shows which are being consideredhere.
PollutantEmissions(g.kWh-' delivered)

Dwelling

so,

PM10

NOx

CO

Total

'Typical'

0.639

0.074

0.479

0.125

1.317

'u h in p'

0.320

0.038

0.240

0.063

0.661

Pollutantemissionsper kWhfor the typical dwelling and 'urban house In paradise'

The level of pollution arising from each benchmarkcan be determinedas,
Typical =

1.317 x 1495

'u h in P'=

0.661 x 1495

= 1968.9 g pollution.a-I
= 988.2 g pollution.a-I

Therefore, the reduction in pollutant emissionsthat would be achieved by moving from the
standard of the 'typical' dwellingto that of the 'urban house in paradise' is,
1968.9- 988.2

= 970.7 g pollution. a-I

5.2.24 Procurement strategy
In terms of its benchmarkvalue, this criterion is considered to have no direct consequential
reduction upon on pollution emissions.

5.2.25 Quality of Internal Environment: Indoor Pollution
In terms of its benchmarkvalue, which has not been quantified in terms of the dimensional
pollutant emissions but in terms of the materials specified within the dwelling, this criterion is
consideredto have no direct consequentialreduction upon on pollution emissions.
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5.2.26 Quality of Internal Environment: Daylight
in terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon on pollutionemissions.
5.2.27 Quality

of Internal

Environment:

Ventilation

and Air Tightness

The Energy Consumption: Inhabitationcriterion will determine the contribution made to the
reduction in emissions through improvementsin the efficiency of a number of factors that
contribute to the overall energy consumption of the dwelling. However, reducing the heat
loss that occurs through the ventilation rate and the air tightness of the dwelling's structure
and fabric, as a contributor to this saving, will have a lesser impact upon reducing the
energy consumption.
In order to determine the magnitude of these effects, the model of the 'urban house in
paradise' that was developed for the Contribution to the Reduction of Natural Resources
parameter, defined by a number of the benchmarks,will be used also. This will assist in the
purposes of relative comparabilityof data. Two scenarios were taken, firstly of a dwelling
with natural ventilation and an air tightness value both representativeof a 'typical' dwelling,
and secondly to the standards of the Quality of the InternalEnvironment:Ventilation and Air
Tightness benchmark of the 'urban house in paradise'. The annual energy consumption
was determined using the SAP model for both scenarios.
The reduction in energy consumptionfor space heatingwas determined as 1,966.7kWh.a-.
The increase in energy consumption as a result of the additional fans was determined as
59.8 kWh.aý'. The emissions that will arise out of the reduction and consumption can be
determined as:
Space heating (gas):

1,966.7x 0.008

15.7gSO2.
a:l

1,966.7x 0.004
1,966.7x 0.372

= 7.87 gPM10.a7l
= 731.6 g NOxa"

1,966.7x 0.011

= 21.6 gCO.a-1

The additional energy consumption,that powers the fans, will be electrical:
Electricity:

59.8 x 3.167
59.8 x 0.353
59.8 x 0.903
59.8 x 0.581

= 189.4 gSO2.a-I
= 21.1 gPM10.a7'
= 54.0 g NOx.a-I
= 34.7 gCO.a-'
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Therefore, the effect on pollutionemissionsdue to the reductionin ventilation rate will be:
15.7-189.4

= -173.3 gSO,.a-I

7.87-21.1
731.6-54.0

= -13.2 9PM1O.a-I
= 677.6 g NOx.a"

21.6-34.7

= -13.1 gCO.aý'

Therefore, the effect on pollution emissions created by achieving the Ventilation and Air
Tightness benchmarkof the'urban house in paradise'will be:
- 173.7 - 13.1 + 677.6 - 15.0

= 475.8 9 pollution. a-I

This value must be treated with a degree of caution. As this criterion was concerned only
with the direct effects of reducing the ventilation and infiltration rates, all other parameters
were kept constant during the energy consumption modelling. Therefore no account is
made of the consequent impacts of increasingthe standard. All of these will be accounted
for collectively by the EnergyConsumption:Inhabitationcriterion.

5.2.28 Recycling of Construction Waste
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon on pollution emissions.

5.2.29 Recyclability of Building: Adaptability
in terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon on pollutionemissions.

5.2.30 Standards: Area
Increasing the space standards of the dwelling will have an impact on the overall pollution
emissions of that dwelling, due to the increased energy consumption, which is benchmarked
For the average occupancy of dwellings in the United Kingdom, of 2.4, the
Space Standards analysis gives a dwelling area of 48.5 m;2 for the 'urban house in paradise'
per unit area.

this rises to 59.8 M2, an increase of 11.3 M2.

Therefore, the increase in pollutant emissions that will occur as a result of the average
increase in Space standards will be:
Embodied energy:

(11.3 x 250) / 120

23.5 kWh.a"

0
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Electricity:

7.85 x 3.167
7.85 x 0.353
7.85 x 0.903
7.85 x 0.581

Gas:

7.85 x 0.008

= 7.09 g NOx.a"
= 4.56 gCO.a"

7.85 x 0.372

a-'
= 0.069SO2.
= 0.03gPM1O.a-l
= 2.92g NOxa-l

7.85 x 0.011

= 0.09gco. a",

7.85 x 0.642

= 5.04 9SO2-a7l

7.85 x 0.572
7.85 x 5.894

= 4.49 gPM10.a-I
= 46.3 g NOxa-l

7.85 x 3.380

= 26.5 gCO.a"

7.85 x 0.004

Petroleum

= 24.9 9SO2.a-'
= 2.77 gPM10.a7'

Therefore, in total the additionalembodied energy pollutant emissions will be:
= 30.0 9SO2.a-'
= 7.29 9 PM10.a-'
= 56.3 g NOxol
= 31.1 9CO.a7'
During inhabitation:

11.3 x 15
11.3 x 10

Gas:

Electricity:

= 169.5 kWh gas
=1 13.0 kWh electricity

169.5 x 0.008

1.36 9S02.

169.5 x 0.004

0.68 9PM10.a7'

169.5 x 0.372

63.1 g NOx.a-1

169.5 x 0.011

1.86 gCO.a-'

113.0 x 3.167

357.99SO2.a7'

113.0 x 0.353

39.9 g PM10.a7l

113.0 x 0.903

102.0 gNOx.a*l

113.0 x 0.581

65.5 gCO.a-I

a"

Therefore, in total the additional pollutantemissions during inhabitationwill be:
= 359.2 9SO2.a-'
= 40.6 g PM10.a7l

M
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165.1g NOx.a-I
67.4 gCO.a7l
Thus, in total the additional emissions created by the additional energy consumption
throughout the design life span of the dwelling due to the Space Standards: Area
benchmark will be:
= 389.2 9SO2-a'l
= 47.9 9PM10.a7l
221.4 g NOx.a"
98.5 9CO.a*l
Therefore, in effect the contributionto the reductionof pollution is:
=- 757.0 g Pollution. a-I

5.2.31 Space Standards: Volume
Because the energy consumption both for both embodied energy and during the period of
inhabitation is quantified by the benchmarksper unit area, the Space Standards: Volume
criterion will have no additional effect. Therefore,in effect the contributionto the reduction of
pollution is:
=- 757.0 g pollution. a-I

5.2.32 Thermal Performance
The Energy Consumption: Inhabitationcriterion will determine the contribution made to the
reduction in pollution through improvements in the efficiency of a number of factors that
contribute to the overall energy consumptionof the dwelling. However, there will be a lesser
benefit through solely increasingthe thermal performanceof the fabric of the dwelling; this
value will also be affected by the increase in the embodied energy of the fabric.
In order to determine the magnitude of these effects, the model of the 'urban house in
paradise' that was developed for the Contribution to the Reduction of Natural Resources
parameter, defined by a number of the benchmarks,will be used also. This will assist in the
purposes of relative comparability of data. Two scenarios were taken, firstly with the
dwelling insulated to current Building Regulation standards, and secondly to the standards
of the Thermal Performance benchmark of the 'urban house in paradise'. The annual
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energy consumption, determined using the SAP model for both scenarios, and the
embodied energy of the additional insulationwere calculated.
The reduction in energy consumption for space heating was determined as 569 kWh.a-'.
The increase in the embodied energy was determined as 5,395 kWh; spread across the
design life span of the dwelling this equates to an annual equivalent value of 45.0 kWh.a-1.
The pollution that will arise out of the consumptioncan be determined as:
Space heating (gas):

569 x 0.008
569 x 0.004
569 x 0.372
569 x 0.011

= 4.56 9SO2.a"'
= 2.28 gPM 10.a"
= 211.7 g NOx.a-I
= 6.26 gCO.a-'

Embodied (1:1:1):
electricity:

15.0 x 3.167
15.0 x 0.353
15.0 x 0.903
15.0 x 0.581

gas:

= 13.5 g NOx.a-'
= 8.72 gCO.a-I

15.0 x 0.004

= 0.12 gSO,. a-1
0.06 gPM 1O.a7l

15.0 x 0.372

5.58 g NOx. a"

15.0 x 0.008

15.0 x 0.011
petroleum

= 47.5 9SO2. a7l
= 5.30 gPM10.a-'

15.0 x 0.642

= 0.17 gCO.a-'
= 9.63 9SO2-a-1

15.0 x 5.894

= 8.58 gPM 10.a"
= 88.4 g NOx.a"

15.0 x 3.380

= 50.7 gCO.a-'

15.0 x 0.572

9S02.

aýl
= 57.3
= 13.9 gPM10.a-1

107.3 g NOxa71
59.6 gCO.a71
Therefore, the reduction in pollution is:
4.56-57.3

a-'
- 52.79SO2.

2.28-13.9

- 11.6 gPM1O.a"
104.2 g NOx.a-'

211.7 - 107.5

0
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6.26-59.7

=- 53.4 gCO.a*l
=- 13.5 g pollution. a-l

Thus whist there is an reduction in the energy consumption, because the space heating is
gas fuelled, which has a relatively low pollution level, whereas the embodied energy has a
mixture of fuel sources, the actual annual pollution is increased.

This value must be treated with a degree of caution. As this criterion was concerned only
with the direct effects of increasingthe thermal performance,all other parameters were kept
constant during the energy consumption modelling. Therefore no account is made of the
consequent impacts of increasing the standard, such as affects on the type of heating
system that would be specified. All of these will be accounted for by the Energy
Consumption: Inhabitationcriterion.

5.2.33Use of Recycled Materials
Whilst there will be an embodied energy consumption,and therefore consequent emission
of pollutants, associated with the processing of recycled materials, the effect of this will be
considered to be the equivalent of that consumed and emitted by the processing of virgin
materials. Therefore, this will be accounted for within the Ecological Weight: Embodied
Energy in Materials criterion.

5.2.34 Use of Renewable Raw Materials
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon on pollutionemissions.

5.2.35 Utillsation of Local Resources
The only determinableeffect that the utilisationof local resources may have on the reduction
of pollution emissions will be through the reduction in transport. It has not been possible to
determinethe magnitudeof total energy consumedthrough this criterion, and the mix of fuel
types that would be used. Also, a benchmark for the typical dwelling could not be
determined. Therefore it is not possible to establish the relative contribution of this criterion
to the parameter of the reductionof pollution.
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5.2.36 Water Consumption: Construction
From the benchmark analysis of this criterion, it was determined that the typical and 'urban
house in paradise' benchmarksof water consumedduring the construction of the dwelling
are 34.1 and 8.5 litres per square metre. For the average occupancy of dwellings in the
United Kingdom, of 2.4, the Space Standards analysisgives a typical dwelling area of 48.5
m2; for the 'urban house in paradise'this rises to 59.8 M2. Therefore, the quantity of water
consumed in the constructionof these two dwellingscan be determined as,
59.8 x 8.5

= 1,653.8litres
= 508.3 litres

.-. reduction

= 1,144.7litres

48.5 x 34.1

Accounting for the life span of the dwelling,the annual equivalentreduction will be:
1,144.7/ 120

= 9.54 litres.a-1

It was also determined that the reductionof 153.5 litres of potable water consumption per
person per day will equate to an energy reduction of 0.08 kWh of energy per day.
Therefore, the reductionof 9.54 litres per annum will equate to an energy reductionof 0.005
kWh.a*'. The generation of that energy will create pollution. For the purposes of this
calculation, it will be assumedthat all of this energy will be electricity.
As for the other parameters,this energy is presumedto be all electricity. The pollution that
is associated with the generation of this energy can be determined using the data in the
criterion of Energy Consumption:Inhabitation:
0.005 x 3.167
= 0,0158gSO2-a"l
0.005 x 0.353
= 0.0012 9PM 1O.a-'
0.005 x 0.903
0.005 x 0.581

= 0.0045gNOx.a7l
= 0.0029 gCO.a"'
= 0.0244g pollution. a"

5.2.37 Water Consumption: Inhabitation
For the 'urban house in paradise' the level of mains consumption is benchmarked as 6.5
litres per person per day. During the analysis to determine the benchmark of Water
Consumption: Inhabitation, it was determined that the reduction of 153.5 litres of potable
water consumption per person per day will equate to an energy saving of 0.08 kWh of
0
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energy per day. Across the period of a year this will equate to an annual reduction of 29.2
kWh. Based on the mean occupancy figures for dwellings in the United Kingdom of 2.4
people per dwelling, this will equate to an annual household reduction of 70.1 kWh if the
benchmark for the 'urban house in paradise'is achieved.
As for the other parameters,this energy is presumedto be all electricity. The pollution that
is associated with the generation of this energy can be determined using the data in the
criterion of Energy Consumption:Inhabitation:
70.1 x 3.167
70.1 x 0.353
70.1 x 0.903
70.1 x 0.581

= 221.99SO2.a"
= 24.7 gPM10.a*'
= 63.3 gNOx.a"
= 40.7 gCO.a-1
= 350.6 g pollution. a-I

A potential further contributionto the reductionof pollution by this criterion is the reductionof
sewage discharged by the dwelling, both through the reduced water consumption and the
potential use of composting toilets. However, within the scope of the work, data could not
be determinedto quantify the pollution dischargedinto the natural environment in proportion
to the water dischargedby the dwelling. Thereforethese effects could not be accountedfor
within the analysis.

0
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5.3

Prioritising - Contribution to a Reduction of Natural
Resource Consumption

In order to prioritise the criteria against this parameter,a value is determined for each on the
basis of the quantity of natural resource materials that will be saved by moving from the
standards determined for the 'typical' dwelling to the benchmark values of the 'urban house
in paradise'. The higher this value is, the greaterthe contributionbeing made, and therefore
the higher the priority attributedto that criterion.
Wherever possible, the value determinedis quantifiedin terms of either volume, as opposed
to mass, or area of the resource being saved. This is for two reasons; firstly allows greater
comparability between criteria that are determined by volume with those determined by
area; secondly, quantifying by volume as opposed to mass gives a more true reflection of
the quantity of resource being used. For example, for a substance with a very low density,
such as rockwool, a large volume of material per kilogram would be extracted; where as for
a higher density material, such as concrete, a much lower volume would be extracted per
kilogram. Using volume as a unit of measurementprovides a more comparable measure of
the amount of resourcethat is being saved for differing materials.

5.3.1 C02Emissions: construction and deconstruction
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon the depletion of natural resources.

5.3.2 C02Emissions: InhaWation
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the depletion of natural resources.

5.3.3 Carbon Intensity
In terms of its benchmarkvaJue,this criterion is considered to have no direct consequential
reduction upon the depletion of natural resources. The consumption of natural resources by
space and water heatingwill be accountedfor under Energy Use: Inhabitation.
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5.3.4 Construction Period
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon the depletion of natural resources.

5.3.5 Contextual Significance of the Site
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the depletion of natural resources.

5.3.6 Deconstruction and Demolition: Recycling of Materials
The contribution given to the reduction of natural resource consumption by the recycling of
deconstruction and demolition material, like the recyclingof domestic waste, is based on the
premise that recycling materials will prevent an equal quantity of virgin materials being
extracted from natural sources. The benchmarklevel of the recycling of deconstructionand
demolition material has been established as 85 percent. To translate this into a quantified
value of materials that are recycled, and therefore natural resources saved, will require
determining a value for the quantity of material that might be used to construct the 'urban
house in paradise'. The decision was taken to base the prioritising on the quantity of
materials used to construct the'urban house in paradise' ratherthan a typical dwelling. This
was on the basis that if all of the benchmark standards are achieved, which would be an
ideal condition, and the quantity of materials was based on the specification of the typical
dwelling, it would not be a true reflection of the position of this criterion in the overall priority
rating.
Determining a value for the quantity of materials was achieved through creating a model of
the 'urban house in paradise' on the basis of a number of the benchmarks. As the
prioritising process is a relative comparison between the criteria, standards and quantities
that have been used for other criteria and other parameters will also be used here to
achieve a level of consistency in the process. The size of the dwelling, in terms of area and
volume, will be based on the Space Standards benchmark for the mean occupancy level
given by census data of 2.4 people per dwelling; it will be 59.8 M2 with a floor to ceiling
height of 3 m. The dwelling type, a flat within a four storey terraced block, was based on a
type appropriate to both the occupancy level and the density benchmark of 370 people per
hectare. The glazed area was based on the Quality of Internal Environment: Daylight
benchmark; and the level of insulation was based on the Thermal Performancebenchmark.
The materials used to create the foundations, roof and party walls will be divided between
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the appropriate dwellings. The construction technologywas based on relatively traditional
methods of brick and block walls to the externalfacades, block party walls, concrete ground
floor, timber intermediatefloors and timber internal partitions. Triple glazing was assumed,
in order to achieve the Thermal Performancebenchmark. The depth of analysis has been
set at the volume and mass of principal materials (such as brick and timber but not cavity
ties and nails) used to construct the shell and interior floors and partitions of the dwelling.
The volume for each material was established from the dimensions of the dwelling and
material thickness, and the mass derived from density figures., The results of the analysis
are as follows:
Element

Material

Volume(m)

Foundations

Concrete
Brick
Insulation
Concrete
Screed
Insulation
Hardeore
Brick
Insulation
Concrete block
Plaster
Glass
Concreteblock
Insulation
Plaster
Timber
Plaster
PlasterA)oard
Timber
Concrete
Felt
Timber
Insulation
Concrete block
Plaster/board

1.17
1.17
0.83
2.24
0.38
2.54
1.87
3.29
7.82
3.13
0.35
0.071
6.25
3.13
0.70
3.32
0.72
1.98
0.99
0.66
0.03
0.43
8.07
2.01
0.26

Ground floor

External walls

Windows
Party walls
Internalfloor

Internalpartitions
Roof

Therefore, in total the materials used to construct the 'urban house in paradise are
summarisedin the following table.

I Thomas, Randall led). Environmental Desýgn- An Introduction tor Architects and Engineers,
London: E&FN Spon, 1996.
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Volumeof materialsin dwelling(m)

material

Insulation
Concrete
block
Timber
Concrete
Plaster/board
Hardcore
Screed
Glass
Felt
Total

22.39
11.39
4.46
4.07
4.01
1.87
0.38
0.071
0.03
53.41
Volumeof materialsused in the constructionof the dwelling

Therefore, if the benchmarkfor the recycling of deconstructionand demolition materials has
been established as 85 percent,this will equate to a reduction in the consumption of natural
resources of:
53.41 x 0.85

= 45.40

Spread across the life span of the dwelling, in order to determine an equivalent value of the
natural resources that would be saved each year would be.,
45.40/120
= 0.38
When the materials used to construct the dwelling are extracted an area of land will also be
lost, in addition to the material itself; for example, the provisionof timber will cause both the
loss of an individual tree and the destruction of the forest. Land itself is a resource and
therefore the area of land saved can be added to the contribution made to reducing natural
resource consumption by the recycling of demolition materials. This is not double counting
because both the material and the area of land would be lost, and both are resources, the
land not least because of its provisionof habitat.
Environmental footprinting software can provide data for the area of land that is consumed
by the provision of some buildingmaterials.' These are summarisedin the followingtable.
footprintdatabaseProducedby BestFootForward,Oxford.
Valuesaretakenfromenvironmental
M
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Landarea(ha.tonne
9.49049x 10-6

Material
Concrete
Wood:UKsoftwood

0.20205519

Wood:UKchipboard
Wood:Importedsoftwood(European

0.20205519
0.20205519

Wood:Importedsoftwood(global)

0.656345132

Wood:Tropicalhardwood

3.623188406

Sandandgravel
Steel

9.49049x 10-6
5.0 x 10-0
Area of landassociatedvviththe production of constructionmaterials

These values can be used to translate the quantity of materials, converting the volume into
mass using standard density values, recycled in the demolition of the 'urban house in
paradise', determinedin the analysisabove, intothe land area saved through their recycling.
Mass of concrete recycled:
0.85 x (11.39 x 1200)

= 11,617.8kg

11 62 x 9.49049x1 Oý8
.

= 0.00011 ha

area of land:

Mass of timber recycled:
0.85 x (4.79 x 700)

= 2,820.3 kg

2.82 x 0.20205519

= 0.570 ha

area of land:

Mass of hardcore recycled:
0.85 x (1.87 x 1500)

2,384.3 kg

area of land:
2.38 x 9.49049x1 O'o

= 0.0000226 ha

The total area of land saved, spread across the life span of the dwelling:
(0-00011+ 0.570 + 0.0000226) / 120
= 0.00475 ha.a-'
= 47.5 M2.8-1
M
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5.3.7 Design Life Span
The benchmark of design life span of the dwelling will have an effect on reducing the
consumption of natural resources. For example,extendingthe life of the dwelling will make
more efficient use of the materials that are embodied within it and any wastes generated
during its construction. However,for the materialsthat are from reused or recycled sources,
it will be inconsequentialas to how long they are embodied within the fabric of the dwelling.
The contribution of the design life span benchmark to the reduction of natural resource
consumption will be the cumulative effect of increasingthe design life span of the dwelling
by 60 years. To determine this, each criterion, where applicable, will be taken individually
and then the contributionsall summed.
Deconstruction and Demolition: Recycling of Materials
For the materiaJsthat are recycled when the dwelling is demolished, it is inconsequentialas
to how long they have been embodiedwithin the fabric of the dwelling; however prolonging
the life span of the dwelling will make more efficient use of the materials within it that are not
recycled when it is deconstructed. As the level of recycled materials from this process is
benchmarked at 85 percent,the life span of the dwelling will have an impact on 15 percent
of the materials used to construct the dwelling. From the model analysis used for the
prioritising process, the volume of material used to construct an 'urban house in paradise'
was 53.41 M3, refer to Deconstruction and Demolition: Recycling of Materials criterion
above. Therefore, the 15 percent of those materials that will not be recycled is 8.01 M3.
Therefore, the effect of the design life span benchmarkwill be:
8.01/60
8.01/120

= 0.13
= 0.07

life span
.-. effect of

= 0.06 m3.a-'

As in the analysis of the Deconstruction/demolition:recycling of materials above, there will
be a contributionto the reduction of land consumptionthrough extending the life span of the
15 percentof materials that are not recycled. 15 percentof 47.5 is 7.125.3
7.125/60
= 0.119
7.125/120
= 0.059
life span
.'. effect of

= 0.06 m3a-1

3 This is the value of land saved through the recyclingof 85 percent of the materials in the dwelling on
its demolition.
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Ecological Weight: Embodied Energy
On the basis of the average occupancy level and the Space Standards: Area benchmark,
the embodied energy for the 'urban house in paradise' is 59.8 x 250 = 14,950 kWh.
Therefore, the effect of the life span benchmarkwill be:
14,950/60
= 249.2 kWh.a-'
14,950/120
life span
.-. effectof

= 124.6 kWh.aý'
= 124.6 kWh.a-I

The natural resourceconsumptionassociatedwith this reduction is:
Electricity:
41.5 x 0.14
= 5.81 kg coal.aý'
41.5 x 0.06
41.5 x 0.01
Gas:

41.5 x 0.12

Petroleum:

41.5 x 0.13

= 2.49 kg natural gas.a-1
= 0.42 kg petroleum.a-I
= 4.96 kg natural gas.a-'
= 5.40 kg petroleum.a-I

Therefore, the total reduction in natural resourceswill be:
= 5.81 kg coal.a-I
= 7.47 k9 natural gas.a7l
= 5.82 kg petroleum-a"
Using the densities of these fuels, these values can be converted into the volume of natural
resources that will be saved:
5.81/1500
7.47/0-67

= 0.004 m3coahwl
= 11.1 m3natural gas.a*1

5.82/800

= 0.007 ms petroleum.a"l

m3naturalresource.
a-I
Energy Consumption: Construction Processes
The pollution emissions created by these processes will be included within the overall
calculation of the EcologicalWeight: Embodied Energycriterion, and therefore should not be
included here so that its effect is not double counted when the cumulative total is
determined.

M
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Reduction of Construction Waste
The material that arises as constructionwaste will be just as much a natural resource use as
the same amount of material embodied within the dwelling itself. The volume of waste
arising from the constructionof the model analysisof the 'urban house in paradise' has been
determined as 1.34 M3 However, from the Use of Recycled Materials criterion, it can be
.
determined that only 24 percentof this value will be natural resources, as the remainder will
be derived from recycled sources. Therefore,the impact of spreading this waste over the
longer design life span of the'urban housein paradise'will be:
0.32/120

= 0.005 m3a-I
= 0.003 m3a-1

life span
.-. effect of

= 0.002 m3.a"

0.32160

Space Standards: Area and Volume
The additional materials used to create the larger dwelling benchmarked by the Space
Standards: Area and Volume criteria are accounted for in the anaJysisof the effect of the
design life span on the criterion of Use of Recycled Materials; to include the impact here
also would be double count the effect upon natural resourceconsumption.
Thermal Performance
The impact in terms of the embodied energy of increasing the level of thermal performance
of the dwelling's fabric will be accountedfor within the Ecological Weight: Embodied Energy
criterion, and will not be assessed here so as no to double count when calculating the
cumulative effect. As the benchmark for Use of Recycled materials requires that 100
percent of insulation material be derived from recycled sources, there will be no additional
effect on natural resourceconsumptionfrom the material requirements.
Use of Recycled Materials
The length of the life span, in terms of the consumptionof natural resources,will only be of a
consequence to the materials that are not from reused or recycled sources. In terms of the
model analysis conductedfor this criterion below, this will be 8.0 M3. Therefore,the effect of
the prolonged design life span will be.,
8-0/60
8.0/120

= 0.13 m3a-1
M3
a-'
= 0.07
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life span
.*. effect of

= 0.063 m3a-'

Therefore, in total the reduction in natural resource consumption achieved through
increasing the design life span of the dwelling to the benchmark of the 'urban house in
paradise'will be:
0.06 + 0.60 + 11.1 + 0.002 + 0.0063

11.3 &. a-'

5.3.8 Density: CluantitatIve
The typical value of residentialdensity determined by the analysis of the benchmark values
is 100 people per hectare;for the'urban house in paradise'the minimum value of residential
density has been determinedas 370 peopleper hectare.
Therefore, the base density for the 'urban house in paradise' is three times higher than that
of the typical dwelling; thus it will, in effect, occupy three times less footprint space than the
typical dwelling. Using the typical occupancy level of dwellings of 2.4 people, for the
purposes of a relative comparison, 370 people per hectare equates to 154 dwellings per
hectare. At this density, in effect, 64 M2 Of land will be accountedfor by each dwelling; the
same number of dwellings at the typical residential density would occupy three times the
area. Land is a primary resource,and its use has implications, in anthropocentricterms, for
4
material and energy use, and in Deep Ecological terms for biodiversity and hydrology.
Therefore, the land saved by moving from the benchmarkof the typical residential density to

that of the 'urban house in paradise' will be 160 M2, or divided across the life span of the
dwelling:
176/120

= 1.47 m 2.04

5.3.9 Density: Qualitative
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the depletion of natural resources.

5.3-10 Diversity: Programme
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the depletion of natural resources.

0
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5.3.11 Domestic Waste
By providing materials that have been recycled from domestic waste, there will be a
reduction in the primary use of natural resourcesthat would have otherwise have been used
in the manufacturing of products and goods. The level of that saving will be dependant
upon the potentially recyclable content of that waste. The typical breakdown of domestic
refuse was determined under the Domestic Waste benchmark, and is summarised in the
following table.
Recyclablematerial,kg and M3per person per week
Recyclablemass
Mass
Recyclablevolume

Material
Paper and card

3.0

3.0

0.0046

Plastic film

0.5

Dense plastic

0.5

0.5

0.00052

Textiles

0.2

0.2

0.0004

Misc combustibles

0.7

-

-

Misc non-combustibles

0.2

Glass

0.8

0.8

0.00032

Putrescibles

1.9

Ferrous metals

0.5

0.5

0.00006

Non-ferrousmetals

0.1

0.1

0.00004

< 10mmfines
Total

0.8

5.1

0.0059

9.3

Recyclablematerial,kg and M3per person per week, of domestic refus4

In term,,
s of mass, this equates to a reduction of natural resource consumption, througln
g of waste materials, of 0.0059 m' per person per week. At a mean occupancy, thils
recyclin(
is 0.014m3 per dwelling per week, therefore the contribution made by the dwelling annuallly
will be,
0.74 ms.a'l

4 Person al communication form Professor John Whitelegg, Professor of Environmental Studies
Liverpool John Moores University,7 November1999.
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5.3.12 Ecological Significance of the Site
Through the benchmarkthat 100 percent of the land used for the site of the 'urban house in
paradise' should be brownfield land, this will make a contribution to the reduction in the
consumption of natural resources,on the basis that green land is a natural resource. The
current level of brownfieldland use for residentialdevelopmentis approximately47 percent.'
From the Density: Quantitative benchmark, it has been determined that at the average
occupancy level of 2.4 people per dwelling, in effect, 64 M2Of land will be accounted for by
each dwelling. Spread across the design life spanof the dwelling, this equate to a reduction
in the consumptionof natural resourcesof:
= 0.533 m2a-I

64/120

Taking account of the existing 47 percentof land use that is brownfield:
= 0.28 m2a-1

0.53 - (0.53 x 0.47)

5.3.13Ecological Weight: Embodied Energy
The benchmark analysiscan be usedto determine comparable embodied energy values for
a 'typical' dwelling and an 'urban house in paradise' based on the Space Standards: Area
benchmark, using the average occupancy level from census data, and the Ecological
Weight: Embodied Energy benchmark:
'typical' =

1,000 x 48.5

'urban house in paradise'=

250 x 59.8

.-. reduction -

48,500 - 14,950

= 48,500 kWh
= 14,950 kWh
= 33,550 kWh

Across the life span of the dwelling,this is the equivalent annual reduction of:
33,500/120

= 279.2 kWh.a-I

Assuming a 1:1:1 ratio for the mixture of electricity : gas : petroleum for fuel types used
during the period of embodied energy consumption gives a value per fuel type of 93.1
kWh.a"
-

5 Derived from Land Use Change Statistics in: Urban Task Force. Towards an Urban Renaissance,
London: E&FN Spon, 1999.
=
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Depending upon their calorific value, different fuels produce different quantities of energy
per unit of mass. Also, the various methods used to produce energy have different
efficiencies; this, in addition to the effects of transmissionin the case of electricity,will affect
the amount of delivered energy that can be derived from each kilogram of raw fuel.
The calorific values of the common domestic fuels8can be used to derive the quantity of
those fuels need to provide equal units of power. These were determined as coaj= 0.12
kg. kWh-1, gas= 0.08 kg.kWh-1, and oil= 0.07 kg.kWh". However, these values represent
the theoretical maximum that could be extracted; in reality, due to inefficiencies in the
process of conversion,the mass required will be greater.
Thomas proposes that the inefficiencies between the potential energy and the end user
efficiency will mean that the actual consumptionfor natural gas will be 0.12 kg.kWh-'.1 The
1998 Digest of United Kingdom Energy Statisticsproposes figures for the quantities of fuel
used in the generation of electricity;8 these are 0.43 kg coal and 0.25 kg petroleum
(including oil) per kWh. Assumingthe efficiencyof modern gas fired power stationsto be 40
percent, the consumption of gas to produce electricity will be 0.19 kg.kWh-1. The Digest
also provides the breakdownof fuel types used in the generation of electricity,on the basis
of output; this is 33 percent coal, 31 percent gas, 26 percent nuclear and 2 percent oil.
From this breakdown it can be approximated that to produce 1 kWh of electricity the
generation will consume 0.14 kg coal, 0.06 kg gas, and 0.01 kg petroleum.
The quantity of fuel that would have been used to generate this embodied energy saving
can now be determined:
Electricity:

93.1 x 0.14
93.1 x 0.06
93.1 x 0.01

Gas:

93.1 x 0.12

Petroleum:

93.1 x 0.13

= 13.0 kg coal.a:1
= 5.58 kg natural gas.a7l
= 0.93 kg petroleum.a-I
= 11.2 kg natural gas.a"
= 12.1 kg petroleum.a"

11Shorrock,L. D. and G. Henderson. Eneigy Usein Buildings and CarbonDJOXide
Emissions,Building
ResearchEstablishment,1990 and, Thomas, Randall. EnvironmentalDesign,London: E&FN Spon,
1996. The calorific values were determinedfrom these sources to be: coal = 30 WAg", gas = 47.3
W. kg-1,and oil = 51.4 W. kg-1.
7 Thomas, Randall. Op. Cit.
11Department of Trade and Industry. Digest of United Kingdom Energy Statistics 1998, London:
HMSO, 1998.
=
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Therefore, the total reduction in natural resourceswill be:
= 13.0 kg coal.vl
= 16.8 kg natural gas.a-I
= 13.0 kg petroleum.a-I
Using the densities of these fuels, these values can be converted into the volume of natural
resources that will be saved:
16.8/0.67

= 0.01 m3coal.a7l
= 25.1 m3 natural gas.a-I

13.0/800

= 0.02 m3petroleum.a*1

13.0/1500

In total, the reduction in natural resourceconsumptionwill be:
0.01 + 25.1 + 0.02

= 25.13 rn3.a-I

5.3.14 Ecological Weight: Embodied C02Emission
to haveno directconsequential
Intermsof its benchmark
value,thiscriterionis considered
resources.
of naturaJ
reductionuponthedepletion
5.3.15 Energy Consumption: Construction Processes
As for the other criteria that benchmark a reduction in the consumption of fossil fuel, there
will also be a reduction in other pollutants. The reduction in energy consumptionduring on
site construction can be determined from the benchmark analy, s. From the mean
occupancy value, Space Standards: Area and Energy Consumption: Construction
Processes benchmarks,the reductionin energy consumptioncan be determinedas:
'typical':

150 x 48.5

'urban house in paradise'

75 x 59.8

.*. reduction =

7,275 - 4,485 = 2,790 kWh

= 7,275 kWh
= 4,485 kWh

Across the design life span of the dwelling,this will equate to an annual equivalent reduction
of:
2,790/120

= 23.3 kWh.a"

In terms of fuel mix, gas will not be used as much for a fuel source during on site
construction, and therefore the ratio has been proposed as 4.5:4.5:1 for electricity
petroleum : gas.
0
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The quantity of fuel that would have been used to generate the energy saving can now be
determined:
Electricity:

10.5 x 0.14
10.5 x 0.06

= 1.46 kg coal.a7l
= 0.63 kg natural gas.a"

Gas:

2.32 x 0.12

= 0.10 kg petroleum-a"
= 0.28 kg natural gas.a"

Petroleum:

10.5 x 0.13

= 1.36 kg petroleurnz'

10.5 x 0.01

Therefore, the total reduction in natural resourceswill be:
= 1.46 kg coal.vI
= 0.91 kg natural gas.a-I
= 1.46 kg petroleum.a"
Using the densities of these fuels, these values can be converted into the volume of natural
resources that will be saved:
0.91/0.67

= 0.001 m3coal.aý'
= 1.36 m3 natural gas.a*l

1.46/800

= 0.002 m3 petroleum.a"

1.46/1500

In total, the reduction in natural resourceconsumptionwill be:
0.001 + 1.36 + 0.002

=1 .363 ff?.a-I

5.3.16 Energy Consumption: Inhabitation
Depending upon their calorific value, different fuels produce different quantities of energy
per unit of mass. Also, the various methods used to produce energy have different
efficiencies; this, in addition to the effects of transmissionin the case of electricity,will affect
the amount of delivered energy that can be derivedfrom each kilogram of raw fuel,
The quantity of fuel that is required to provide the energy needs by different sources has
been determined under the criterion of EcologicalWeight: Embodied Energy. These values
can also be used here to determinethe quantities of fuel, and therefore resource,that will be
saved by moving from the energy consumption of the typical dwelling to the energy
consumption of the 'urban house in paradise'. Using the dwelling area proposed by the
Space Standards benchmark for the mean occupancy of dwelling, of 48.5 m' for the typical
0
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dwelling and 59.8 M2 for the 'urban house in paradise' will give the following consumption
values:
Energy(kWh per annum)

Function

'Typical'

UH in P

Reduction

Space heating

4,559

717.6

6,460.4

Hot water

2,619

Includedabove

Includedabove

Pumps and fans

97

179.4

Cooking

388

179.4

-82.4
208.6

1,746

418.6

1,327.4

Lights and appliances

Reduction in energy consumption:inhabitationbetweentypical dwelling and urban house in paradise

Assuming the same mix of fuel types for both dwellings, and that both will use nonrenewable sources of fuel the reduction in fuel consumption between the two benchmarks
will be 6,669 kWh of gas and 1,245 kWh of electricity. The additional reduction achieved by
using renewable sources of fuel is determinedunderthe Energy Generation criterion below.
The amount of fuel that would have been used to generate this energy saving can now be
determined:
reduction of 6,669 kWh natural gas

6,669 x 0.12 = 800.3 kg natural gas

reduction of 1,245 kWh electricity=

1,245XO.14= 174.3kgcoal
1,245 x 0.06
74.7 kg natural gas
1,245 x 0.01
12.5 kg petroleum

Therefore, the total reduction in the consumption of natural resources achieved by moving
between the standardof the typical dwelling and the'urban house in paradise'will be:
= 174.3 kg coal.a-1
= 875 kg natural gas.a-I
= 12.5 kg petroleum.a-I
For comparability with the other criteria within this parameter, these figures can be
converted into volumetricvaluesfrom the density of each fuel:
174.3/1500
875/0.67

= 0.12 m3coal.a7l
= 1,306.0M3natural gas.a*l

12.5/800

= 0.02 m3petroleum.a-1
M
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In total, the reduction in natural resourceconsumptionwill be:
0.12 + 1,306.0+ 0.02

= 1,306.1MW

5.3.17 Energy Generation: Inhabitation
Through the use of renewablesources of energy to fulfil the demands of the 'urban house in
paradise', the consumption of fossil fuels can be completely eradicated. If the area of the
dwelling, based on typical occupancy figures is 59.8 m2, then the overall reduction in fossil
fuel consumptionwill be:
12 x 59.8
13 x 59.8

= 717.6 kWh.a"gas
= 777.4 I<Wh.aý'electricity

The Energy Consumption: Inhabitation criterion determined the quantity of fuel that is
consumed in the provision of electrical energy. Therefore, these figures can be used to
determine the resources that will be saved through providing the electrical energy needs
through renewablesources:
777.4 x 0.06

= 108.8 kg coaJ.a-'
= 46.6 kg natural gas.a"

777.4 x 0.01

= 7.8 kg petroleum.KI

777.4 X 0.14

Again, using the data determined within the Energy Consumption: Inhabitation criterion
above, the fuel that would be saved by using renewable sources to provide the energy
needs that would otherwisebe provided by gas is:
717.6 x 0.12

86.1 kg natural gas.a-I

Therefore in total the contributionin the reduction of fossil fuel consumption of the Energy
Generation: Inhabitationbenchmarkwill be:
108.8 kg coal-a"
132.7 kg natural gas.a-I
7.8 kg peiroleum.a"
For comparability with the other criteria within this parameter, these figures can be
converted into volumetricvalues from the density of each fuel:
108.8/1500

= 0.07 rn3coal.a-I

132.7/0.67

= 198.1 m3 natural gas.a-I
M
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7.8/800

= 0.01 m3 petroleum. a*l

In total, the reduction in natural resourceconsumptionwill be:
0.07 + 198.1 + 0.01

= 198.2 m3a'1

5.3.18 Gmen Space
In terms of its benchmark value, this criterion could be considered to have a measurable
consequential effect on the depletion of natural resources. However, as the thesis is
predicated on urban dwelling, the change in the provision of green space between that of
the typical dwelling, and that of the 'urban house in paradise' is in fact a decrease. The
benchmark of the typical national house builder was establishedas 196 percent, and that of
the 'urban house in paradise' of 25 percent. In a dwelling with a typical occupancy of 2.4
people, with a benchmarkedfloor area of 59.8 m2,these two values will equate to 117.2 M2
and 14.95 M2. Thereforethe change in resourceuse is determined as:
117.2 - 14.95
= 102.3 M2
Accounting for the design life span of the dwelling, of 120 years, this reduction can be
translated into a value in terms of a factor per annum of:
0.85 M21a-

102.3/120

5.3.19Lifecycle cost
In terms of its benchmark vaJue,this criterion is considered to have no direct consequential
reduction upon the depletion of natural resources.

5.3.20 Nitrogen Oxide Emissions
The nitrogen oxide emitted from the combustion process will be included within the fuel
consumption, determined under Energy Consumption: Inhabitationcriterion. It is an output
rather than a resourcethat is consumed.

5.3.21 Other Greenhouse Gas Emissions
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the depletion of natural resources.
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5.3.22 Procurement strategy
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the depletion of natural resources.

5.3.23 Other Ecological Impacts of Materials
in terms of its benchmark value, this criterion is considered to have no direct and
measurable consequentialreduction upon the depletion of natural resources.

5.3.24 Quality of Internal Environment: Indoor Pollution
in terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the depletion of natural resources.

5.3.25 Ouality of Internal Environment: Daylight
In terms of its benchmark vaJue,this criterion is considered to have no direct consequential
reduction upon the depletion of natural resources. Any benefits gained through the
reduction in artificial light will be accountedfor within the Energy Consumption: Inhabitation
criterion.
5.3.26 Ouality

of Internal

Environment:

Ventilation

and Air Tightness

The Energy Consumption: Inhabitationcriterion will determine the contribution made to the
reduction in emissions through improvementsin the efficiency of a number of factors that
contribute to the overall energy consumption of the dwelling. However, reducing the heat
loss that occurs through the ventilation rate and the air tightness of the dwelling's structure
and fabric as a contributorto this saving will have a lesser impact upon reducing the energy
consumption.
In order to determine the magnitude of these effects, the model of the 'urban house in
paradise' that was developed for this parameter under the Deconstruction and Demolition:
Recycling of Materials criterion, defined by a number of the benchmarks, will be used also.
This will assist in the purposes of relative comparabilityof data. Two scenarios were taken,
firstly of a dwelling with natural ventilation and an air tightness value both representativeof a
'typical' dwelling, and secondly to the standards of the Quality of the Internal Environment:
Ventilation and Air Tightness benchmark of the 'urban house in paradise'. The annual
energy consumptionwas determinedusing the SAP model for both scenarios.
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The reduction in energy consumptionfor space heatingwas determined as 1,966.7kWh.aý'.
The increase in energy consumptionas a result of the additional fans was determined as
59.8 kWh-aý'. The natural resource depletion that will arise out of the reduction and
consumption can be determinedas:
Space heating (gas):

1,966.7xO.12 = 236.0 kg natural gas.a-'

Using the densities of this fuel, this value can be converted into the volume of natural
resources that will be saved:
236.0/0.67

= 352.2 m3natural gas.a"

The additional energy consumption,that powers the fans, will be electrical:
Electricity:

59.8 x 0.06

= 8.37 kg coal.a&I
= 3.59 kg natural gas.a"

59.8 x 0.01

= 0.60 kg petroleum.a"

59.8 x 0.14

Using the densities of the fuels, these values can be converted into the volume of natural
resources that will be saved:
8.37/1500
3.59/0.67
0.60/800

= 0.006 m3coal.a-I
= 5.70 m3natural gas.a-I
= 0.001 m3petroleum.a-I
= 5.71 m3natural resources-a-'

Therefore, the effect on resource depletion created by achieving the Ventilation and Air
Tightness benchmarkof the'urban house in Paradise'will be:
352.2-5.71

= 346.5 ms.a'l

This value must be treated With a degree of caution. As this criterion was concerned only
with the direct effects of reducing the ventilation and infiltration rates, all other parameters
were kept constant during the energy consumption modelling. Therefore no account is
made of the consequent impacts of increasing the standard. These will collectively be
accounted for by the EnergyConsumption:Inhabitationcriterion.

M
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5.3.27 Reduction and Recycling of Construction Waste
From the benchmark analysis it has been determinedthat the typical level of construction
waste is 10 percent of materials within the buildings, and the benchmark for the 'urban
house in paradise' has been set at 2.5 percent. Therefore, this will be the reduction in
consumption of a natural resource, as waste is an extracted material that is not put to any
use, but is in effect still consumed.
The quantity of material used to translate this percentageinto a quantitative value will be
value determined under the Deconstructionand Demolition:Recyclingof Materials criterion
of the quantity of material used to construct an 'urban house in paradise'; this is to ensure
consistency and comparability betweenthe criteria. This value was 53.41 M3. It should be
noted that this value is of the primary bulk materials,and does not include plumbing and
electrical materials and second fix timber.

The values of waste can be determinedas:
'typical' dwelling

= 53.41 x 0.1 = 5.34
= 53.41 x 0.025 = 1.34

'urban house in paradise'

Therefore, the reduction made by achievingthe benchmarkwill be:
5.34-1.34

= 4.01 m3

Over the design life span of the dwelling,this will equate to an equivalent annual reduction
of:
4.01/120

= 0.03 m3ol

As for the recycling of demolition materiaJs,the reduction of construction waste material will
also mean a reduction in the area of land from which the materialwould have been sourced.
The model dwelling used in the analysis above can also be used here.
Mass of concrete:
0.1 x (11.39x 1200)
0.025 x (11.39 x 1200)
reduction =
area of land:

1,366.8- 341.7
1.025x 9.49049 x 10-8

= 1,366.8kg
= 341.7 kg
1,025.1kg
= 0.00001 ha

0
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Mass of timber:
= 335.3 kg
= 83.8 kg

0.1 x (4.79 x 700)
0.025 x (4.79 x 700)
reduction =

251.8 kg

335.3-83.8

area of land:
= 0.051 ha

0.252 x 0.20205519
Mass of hardcore:

280.5 kg

0.1 x (1.87 x 1500)
0.025 x (1.87 x 1500)
reduction =

280.5-70.1

= 70.1 kg
210.4 kg

0.21 x 9.49049 x 10-6

= 0.000002 ha

area of land:

The total area of land saved, spread across the life span of the dwelling:
(0.00001+ 0.051 + 0.000002)/120

= 0.00042 ha.a-'
= 4.23 M2. a-I

5.3.28 Recyclability of Building: Adaptability
The ability of the dwelling to adapt to changing needs or even change of use will be a part of
the way in which an increase in the design life span of the'urban house in paradise'can be
achieved. Therefore, on its own this criterion is considered to have no directly
consecluentialeffect on the reductionof the depletion of natural resources.

5.3.29 Space Standards: Area
The benchmark increase in the area of the dwelling will have an impact on the quantity of
materials that are required to construct it. The exact relationship between the increase in
the size of the dwelling and the consequentincrease in materials will be dependent upon the
design of the dwelling, in terms of the perimeterto area ratio.
The methodologythat was used to determinethe quantity of materials in the 'urban house in
paradise'for the Deconstructionand Demolition: Recyclingof Materials criterion will also be
used here in order to determine the extent of the impact of this criterion and benchmark on
the consumption of resources. Two values will be derived, one based on the area of the
M
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'typical' dwelling, and one for the area given by the benchmark by using the model dwelling
from the Deconstructionand Demolition: Recycling of Materials criterion, but varying the
floor area. Both will be based on the mean occupancy figure of 2.4 people per dwelling.
This creates a 'typical' dwelling of 48.5 M2 at 5.51 by 8.80 m, and an 'urban house in
,
paradise'of 59.8 M2, at 6.12 by 9.77 m; both are assumedto have an equal ceiling height of
2.3 m. The analysis will account for the raw material use only, and discard the recycled
material content.
The algorithms used producethe followingvalues:

Material

'Typical'

Volumeof Material(M)
'u h in p'
Increase(Increcvc'dmats)

Insulation

16.21

19.63

0.0

Concreteblock

6.81

9.20

0.60

Timber

3.96

4.57

0.46

Brick

3.18

3.59

0.10

Concrete

3.42

4.07

0.13

Plaster/board

3.11

3.29

0.18

Hardeore

1.52

1.87

0.0

Screed

0.30

0.38

0.08

Glass

0.67

0.07

0.03

Felt

0.23

0.30

0.07

Total

39.41

46.7

2.55

Increasein material use due to space standards:area benchmark

Therefore, the increase in materials used to achieve the Space Standards: Area benchmark
of the 'urban house in paradise' will be:
= 2.55
It has been assumed that none of these materials will be required to be replaced during the
120 year design life span of the dwelling. Analysis into the life expectancies of building
components demonstrates that these materials will, through careful specification, be

prioritising:natural resourceconsumption-5.2.01:

capable of lasting the full life span of the dwelling." Therefore, spread across the design life
span of the dwelling, this will equate to an equivalentannual resourceuse of:
2.55/120

=-0.021 maxi

The area of land that is consumed in extracting these materials will be:
Mass of concrete:

0.60 x 1200

= 720 kg

0.72 x 9.49049x 10-"

= 0.000007 ha

0.46 x 700

= 322.0 kg

0.322 x 0.20205519

= 0.065 ha

areaof land:

Mass of timber:
area of land:

The total area of land saved, spread across the life span of the dwelling:
(0.000007+ 0.065) /120

0.000544 ha. aý'

5.461 M2.

a-I

5.3.30 Space Standards: Volume
The same methodologycan also be used to determinethe increase in resourcesthat would
be created by the benchmark of the Space Standards: Volume criterion. However, in the
case of this criterion the ceiling heights will vary in order to achieve the new volume
benchmarks, for the 'typical' dwelling the ceiling height will be taken as 2.3 rn and for the
'urban house in paradise' it will be taken as 3.0 m. The values that are used will be the
'typical' vaJuesderived in the previous criterion, and the values of the 'urban house in
paradise' will be those derived in the Deconstructionand Demolition:Recyclingof Materials
criterion, as these were based on the benchmark of this criterion. The one for the 'urban
house in paradise' will have the volume increased to the benchmarked value. The
algorithms used producethe followingvalues:

11Research Steering Group of the Building Surveyor's Division and the Building Research
Establishment. Life Expectancies of Building Components, London: Royal Institute ot Chartered
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(M)
Volume
of Material

Material

'Typical'

'u h in p'

Increase(Increcvc'dmats)

Insulation

16.21

22.39

0.0

Concreteblock

6.81

11.39

1.15

Timber

3.96

0.59

Brick

3.18

4.74
4ýý6

0.32

Concrete

3.42

4.07

0.13

Plaster/board

3.11

4.01

0.9

Hardoore

1.52

1.87

0.0

Screed

0.30

0.38

0.08

Glass

0.67

0.71

0.04

Felt

0.23

0.30

0.07

Total

39.41

53.41

3.21

Increasein material use due to space standards: volume benchmark

Therefore, the increase in materials used to achieve the Space Standards: Volume
benchmark of the'urban house in paradise'will be:
= 3.21
Spread across the design life span of the dwelling, this will equate to an equivalent annual
resource use of:
3.21/120

0.027 rTO.
a-I

The area of land that is consumedin extractingthese materials will be:
Mass of concrete:
1.15 x 1200

= 1,380 kg

1.38 x 9.49049x 10'

= 0.000013 ha

0.59 x 700

= 413.0 kg

0.413 x 0.20205519

= 0.084 ha

area of land:

Mass of timber:
area of land:

Surveyors,August 1992.
0
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The total area of land saved, spread across the life span of the dwelling:
(0.000013+ 0.084) /120

=-0.00070 ha.a*'

=-7.028 m2.a"

5.3.31 Thermal Performance
The Energy Consumption: Inhabitationcriterion will determine the contribution made to the
reduction in natural resource consumption through improvements in the efficiency of a
number of factors that contribute to the overall energy consumption of the dwelling.
However, there will be a lesser benefitthrough solely increasingthe thermal performanceof
the fabric of the dwelling: this value will also be affected by the increase in the embodied
energy of the fabric.
In order to determine the magnitude of these effects, the model of the 'urban house in
paradise'that was developedfor the Deconstructionand Demolition: Recyclingof Materials
criterion, will be used aJso. This will assist in the purposes of relative comparabilityof data.
Two scenarios were taken, firstly with the dwelling insulated to current Building Regulation
standards, and secondly to the standards of the Thermal Performance benchmark of the
'urban house in paradise'. The annual energy consumptionwas determinedusing the SAP
model for both scenarios, and the embodied energy of the additional insulation was also
calculated.
The reduction in energy consumption for space heating was determined as 569 kWh.a".
The increase in the embodied energy was determined as 5,395 kWh; spread across the
design life span of the dwelling, this would equate to an annual equivalent value of 45.0
kWh.a-'. The natural resource depletion that will arise out of the consumption can be
determined as:
Space heating (gas):

569 x 0.12

68.3 kg natural gas.a-I

Using the densities of this fuel, this value can be converted into the volume of natural
resourcesthat will be saved:
68.3/0-67

101.9 M3natural gas.a"

0
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For the additional insulation, there will potentially be two sources of natural resource
consumption. The first will be from the embodiedenergy, and the second will be from the
insulation itself, if it does not originatefrom a recycledsource.
Embodiedenergy (1:11):
15.Ox 0.14
electricity:
15.0 x 0.06

= 2.10 kg coal.aý'
= 0.90 kg natural gas.a-I

gas:

15.0 x 0.12

= 0.15 kg petroleum.a-'
= 1.80 kg natural gas.a-I

petroleum

15.0 x 0.13

= 1.95 kg petroleum.a-I

15.0 x 0.01

Therefore, the total reduction in natural resourcesfrom embodied energy consumption is:
= 2.10 kg coal.a-I
= 2.70 kg natural gas.a7l
= 2.10 kg petroleum.a"
Using the densities of these fuels, these values can be converted into the volume of natural
resources that will be saved:
2.10/1500

= 0.0014 m3coal.a7l

2.70/0.67

= 4.03 m3natural gas.a-1
= 0.0026 m3petroleum.a"

2.10/800

a-I
= 4.034m3naturalresources,
The additional volume of insulation that is required to achieve the thermal performance
benchmarksfor the model analysis is 23.5 m3, however it is benchmarked that all insulation
should be derived from recycled sources and will not therefore have an impact on natural
resource consumption.
This would mean that the total reduction in the consumption of natural resources by the
thermal performancebenchmarks,would be:
Recycled insulant:

101.9- 4.034 = 97.9 m3 a'I

This value should be treated with a degree of caution. As this criterion was concerned only
with the direct effects of increasingthe thermal performance,all other parameters were kept
constant during the energy consumption modelling. Therefore no account is made of the
consequent impacts of increasing the standard, such as affects on the type of heating

=
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system that would be specified. All of these will be accounted for by the Energy
Consumption: Inhabitationcriterion.

5.3.32 Use of Recycled Materials
In the recycling of deconstructionand demolition there may be a downgrading of the use of
the material, for example concrete which is ground to make hardcore or aggregate, rather
than being able to reuse that material for the same purpose, such a timber flooring.
Therefore, the potential for using recycledmaterials within the 'urban house in paradise'will
not, by default, be the same mass or volume as the quantity of materials that are recycled
when a building is demolished.
The benchmark for the use of recycled materials is based on a percentage of the volume of
material that should be derived from recycledsources for a variety of materialtypes. These
are:
Material

Proportion
from recycledsource

Concrete

85

Hardeore

100

Insulation

100

Masonry

75

Timber

25
Proportionof materialsfrom recycledsource

Under the Deconstruction and Demolition: Recyclingof Materials criterion an analysis was
made of the level of materials that could be used to construct an 'urban house in paradise',
conducted. This can also be used here to determine the volume of materials that will be
derived from recycled sources, and thereby not from virgin natural sources, on the basis of
the above benchmarks. The results of this analysisare summarisedin the following table.

0
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Volumeof materialsin dwelling(m)
22.39

Material
insulation
Concreteblock

11.39

Timber

4.46

Concrete

4.07

Plaster/board

4.01

Hardoore

1.87

Screed

0.38

Glass

0,071

Felt

0.03
Volumeof materialsused In the constructionof the dwelling

The benchmarks can be used to translate these values into the volume of materials that will
be from recycled sources:

Material

Volumeofmaterials
(m)

Insulation

22.39

Concrete block

8.54

Timber

1.12

Brick

3.35

Concrete

3.46

Plaster/board
Hardcore

0
1.87

Screed

0

Glass

0

Felt

0

Total

40.7

Volumeof materialsfrom recycledsourcesused In the constructionof the dwelling

Divided across the design life span of the dwelling, this will equate to an annual reduction in
the consumptionof natural resourcesof:
40.7/120

0.34 m3
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The area of land that would have been consumedin the extractionof these materials can be
determined as follows:

Massof concrete:
8.54 x 1200

= 10,248.0 kg

10.25 x 9.49049x 10'

= 0.000097 ha

1.12 x 700

= 784 kg

area of land:

Mass of timber:
area of land:
0.159 ha

0,784 x 0.20205519
Mass of hardcore:

1.87 x 1500

= 2,805.0 kg

2.81 x 9.49049x 10-8

= 0.000027 ha

areaof land:

The total area of land saved, spread across the design life span of the dwelling:
(0.000097+ 0.159 + 0.000027)/ 120

= 0.00132 ha.a-I
=13.24 m2 a'I

5.3.33 Use of Renewable Raw Materials
The timber that comes from a managed source will still have a negative impact on natural
resources through the consumptionof land that is used to produce the timber. The volume
of timber that will be derived from renewableresourcesto construct the model dwelling used
in the Deconstructionand Demolition:Recyclingof Materials criterion is 75 percent of 4.74
m3,or 3.56 M3. The land consumedin producing this timber can be determinedas follows:
Mass of timber:
3.555 x 700

= 2,488.5 kg

area of land:
2.49 x 0.20205519

0.504 ha

The total area of land saved, spread across the design life span of the dwelling:
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= 0.0042 ha.a-I
2.
= 42.0 m a-'

0.504/120

This means that the land is, under this benchmark, replaced through the renewing of the
resource. Therefore,the contributionwill be the land area minus the timber that is lost:
42.0-3-56

= 38.45 m2.a-I

5.3.34 Utillsation of Local Resources
The only determinable effecl that the ublisationof local resourcesmay have on the reduction
of pollution emissions will be through the reduction in transport. It has not been possible to
determine the magnitudeof total energy consumedthrough this criterion, and the mix of fuel
types that would be used. Also, a benchmark for the typical dwelling could not be
determined. Therefore it is not possible to establish the relative contributionof this criterion
to the parameter of the reductionof natural resourceconsumption.

5.3.35 Water Consumption: Construction
From the benchmark analysisof this criterion, it was determinedthat the typical and 'urban
house in paradise' benchmarksof water consumed during the construction of the dwelling
are 34.1 and 8.5 litres per square metre. For the average occupancy of dwellings in the
United Kingdom, of 2.4, the Space Standardsanalysis gives a typical dwelling area of 48.5
m2; for the 'urban house in paradise' this rises to 59.8 M2. Therefore,the quantity of water
consumed in the constructionof these two dwellings can be determinedas,
48.5 x 34.1
59.8 x 8.5

= 1,653.8lilres
= 508.3 litres

.-. reduction

= 1,144.7litres

Accountingfor the life span of the dwelling,the annual equivalent reduction will be:
1,144.7/ 120

= 9.54 litres-a-1

To convert this to a value in terms of volume, one litre of water has a mass of 1 kg; the
density of water is 1000 kg.M-3. Therefore,the reduction will equate to a volumetric saving
of:
9.54/1000
= 0.0095 m3a-i

0
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It was also determined that the reduction of 153.5 litres of potable water consumption per
person per day will equate to an energy reduction of 0.08 kWh of energy per day.
Therefore, the reductionof 9.54 litres per annum will equate to an energy reductionof 0.005
kWh.a-1. The generation of that energy will create pollution. For the purposes of this
calculation, it will be assumed that all of this energy will be electricity.
Data for the resources consumed in the consumptionof this energy can be taken from the
Energy Consumption:Inhabitationcriterion:
0.005xO. l4=

0.0007kgcoal

0.005 x 0.06 = 0.0003 kg natural gas
0.005 x 0.01 = 0.00005 kg petroleum
For comparability with the other criteria within this parameter, these figures can be
converted into volumetricvaluesfrom the densityof each fuel:
0.0007 /1500
0.0003/ 0.67
0.00005 / 800

M3
= 4.67 x 10-1 coal.a*1
= 0.00045m3 natural gas.a*l

M3
= 6.25 x 10-8 petroleum.a"

In total, the reduction in natural resourceconsumptionwill be:
0.00045+ 0.0095
0.010 M31
a-

5.3.36 Water Consumption: Inhabitation
From the benchmarkanalysis,it has been determinedthat the water consumptionduring the
period of in habitation of the 'urban house in paradise' will be 61.9 litres/person/day. Any
grey water consumed would be from a recycled source, but both mains and rainwater can
be counted as a resource. The typical domestic consumption was determined as 160
litres/person/day. Therefore, reductionwill be:
160-61.9
and

2.4 x 98.1

= 98.1 litres per person per day
= 235 litres per householdper day

and

235 x 365

= 85,936 litres per household per annum

To convert this to a value in terms of volume, one litre of water has a mass of 1 kg: the
density of water is 1000 kg. m'3. Therefore, the reduction will equate to a volumetric saving
of:

85,936 /1000

= 85.9

M
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However, this caJculationassumes that none of the water that has been saved through the
reduction in the benchmark of consumption would have returned back to the hydrological
cycle, and therefore would have in effect been recycled. As the wastewater from dwellings
typically is returned to rivers and the sea, following degrees of processing, a proportion of
the water that would have been consumedwould be 'recycled'. Unless the level of water
discharged can be related to the level of water that is returned to the hydrologicalcycle can
be determined, and the true contribution to the reduction in consumption be determined,
including the value of 85.9 M3Willlead to a distortion of the weightings.
For the 'urban house in paradise' the level of mains consumption is benchmarked as 6.5
litres per person per day. During the analysis to determine the benchmark of Water
Consumption: Inhabitation, it was determined that the reduction of 153.5 litres of potable
water consumption per person per day will equate to an energy saving of 0.08 kWh of
energy per day. Across the period of a year this will equate to an annual reduction of 29.2
kWh. Based on the mean occupancy figures for dwellings in the United Kingdom of 2.4
people per dwelling, this will equate to an annual household reduction of 70.1 kWh if the
benchmark for the 'urban house in paradise' is achieved. Data for the resources consumed
in the consumption of this energy can be taken from the Energy Consumption: Inhabitation
criterion,
70.1 x 0.14 =

9.81 kg coal

70.1 x 0.06 =

4.21 kg natural gas

70.1 x 0.01 =

0.701 kg petroleum

For comparability with the other criteria within this parameter, these figures can be
converted into volumetricvalues from the density of each fuel:
9.81/1500
4.21/0.67

= 0.007 m3coal.a7l
= 6.28 m3natural gas.a*l

0.701/800

= 0.0009 m3petroleum.a*l

In total, the reduction in natural resource consumption will be:
0.007 + 6.28 + 0.0009

= 6.29 m3 a'1

0
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5.4

- Contribution to the Reduction of
Ozone Depleting Emissions
Prioritising

The following presents how the reduction in the emission per annum of ozone depleting
gases achieved through adopting the benchmarksof the 'urban house in paradise' will be
determined for each criterion, where applicable. The relative emissions are converted into
the common unit of the equivalent emission of volatile organic compounds (VOCs), and the
embodied impacts are divided by the design life span of the dwelling to establish an annual
equivalent contributionto the reduction of emissions.

5.4.1 CO, Emissions: Construction and Deconstruction
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases,

5.4.2 C02Emissions: Inhabitation
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.3 Carbon Intensity
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.4 Construction

Period

In termsof its benchmarkvalue,this criterionis consideredto haveno directconsequential
reductionuponthe emissionof ozonedepletinggases.

5.4.5 Contextual Significance of the Site
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.6 Deconstruction and Demolition: Recycling of Materials
in terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the emissionof ozone depleting gases.

0
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5.4.7 Design Life Span
The contribution of the Design life span benchmarkto the reduction of greenhouse gases
will be the cumulative effect of increasing the design life span of the dwelling by 60 years.
To determine this, each criterion, where applicable, will be taken individually and then the
contributions all summed to establish an overall contribution to the reduction of ozone
depleting emissions.
Ecological Weight: Embodied Energy
On the basis of the average occupancy level and the Space Standards: Area benchmark,
the embodied energy for the 'urban house in paradise' is 59.8 x 250 = 14,950 kWh.
Therefore, the effect of the design life span benchmarkwill be:
14,950/120

= 249.2 kWh.a"
= 124.6 kWh.a-'

life span
.-. effect of

= 124.6 kWh.a-1

14,950/60

The pollution emissionsassociatedwith this reductionare:
Electricity:

41.5 x 0.110

Gas:

41.5 x 0.036

Petroleum

41.5 x 1.681

= 4.57 gVOC.a-'
= 1.49 gVOC.a"
= 69.8 gVOC.a-'
= 75.9 gVOC.a"

Energy Consumption: Construction Process"
The emission of greenhousegases created by these processes will be included within the
overall calculation of the Ecological Weight: Embodied Energy criterion, and therefore
should not be included here so that its effect is not double counted when the cumulative
total is determined.
Standards: Area and Volume
Although during the calculation of the effect of the Space Standards: Area and Volume
benchmarkson pollutant emission the life span of the dwelling was used, it will not be a part
of the cumulative effect of the design life span benchmark. The Ecological Weight:
Embodied Energycriterion has already taken account of the increase in area created by the
Space Standards benchmark.

M
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Thermal Performance
The impact of increasing the level of thermal performance of the dwelling's fabric will be
accounted for within the Ecological Weight: Embodied Energy criterion, and will not be
assessed here so as no to double count when calculating the cumulative effect.

Therefore, in total the reduction of ozone depleting emissions achieved through increasing
the design life span of the dwellingto the benchmarkof the'urban house in paradise'will be:
75.9

= 75.9 gVOC.a-'

5.4.8 Density: Quantitative
As for the diversity criterion below, benchmarkingthe density to the level proposed by
Friends of the Earth, which is based on thresholds at which public transport and walking
become more chosen options, will have a reductionin privatetransport use, and therefore a
reduction in the emission of VOCs. However, due to the complexities involved in
determining a quantitative reduction, it is beyond the scope of this study to undertake an
analysis of the magnitudeof such reduction in terms of the benchmark proposed.

5.4.9 Density: Qualitative
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.10 Diversity: Programme
In termsof its benchmarkvalue,this criterionis consideredto haveno directconsequential
reductionuponthe emissionof ozonedepletinggases. An indirecteffect that creatinga
mixed-useproject would be throughthe reduction in emissionsarising from transport
throughprovidingfacilitieswithinwalkingdistance. However,it is consideredto be beyond
the scopeof this studyto undertakean analysisof the magnitudeof suchreductionin terms
of the programmaticdiversitybenchmarkproposed,due to the complexityof such a
calculation.

5.4.11 Domestic Waste
In terms of its benchmark vaJue,this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.

prioritising:ozone depletingemissions-5.2.01:0

5.4.12 Ecological Significance of the Site
As determined under the parameter of Contributionto the Reduction of Pollution, plants are
capable of absorbing forms of pollution; different species have varying capabilities in the
rate of absorption, and different rates of absorption for different pollutants for a given
species. However, it has not been possible to determine what species are assimilator$of
VOCs, and therefore to determine a quantitative value of absorption. Because this
benchmark is based on diversity of species, even if this had been possible, it would have
proved difficult to justify this value on the basis that different species absorb pollutants at
different rates. Therefore sites with varying species diversity would be likely to absorb
varying levels of VOCs.

5.4.13 Ecological Weight: Embodied Energy
The combustion of fossil fuels to fulfil the embodiedenergy demands of the dwelling will give
rise to the emissionsof volatile organic compounds (VOCs), which have been identified as
contributing to ozone layer depletion.'
The benchmarkanalysis can be used to determinecomparable embodied energy values for
a 'typical' dwelling and an 'urban house in paradise' based on the Space Standards: Area
benchmark, using the average occupancy level from census data, and the Ecological
Weight: EmbodiedEnergy benchmark:
'typical' =

1,000 x 48.5

'urban house in paradise'=

250 x 59.8

= 48,500 kWh
= 14,950 kWh

Therefore, the reduction in embodied energy that will be achieved through the benchmark
reduction is:
48,500 - 14,950

= 33,550 kWh

Across the design life span of the dwelling, this is the equivalentannual reduction of:
33,500/120

= 279.2 kWh.a"'

The Building Research Establishment'sMethodologyfor Environmental Profiles determines
the emissions associated with fuel consumption from the NETCEN National Atmospheric

I National Society for Clean Air and EnvironmentalProtection. Poflution Handbook, London: NSCA,
1997.
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Emissions Inventory, based on 1996 figures which are the most recent available.2 These
figures also take into account the upstreamemissions arising from the extraction, refining,
and supply, as well as the energy consumedin extraction,refining and supply of the energy
to conduct to processes:

Emissions
VOCS

Emissionfactors of fossil fuels (g. kWh-')
Gas

Oil

Caa-I

0.032

0.255

0.065

Emissionfactorsof fossilfuels

In terms of generating electricity, accounting for the inefficiencies of power stations and
transmission after generation meansthat per kWh of delivered energy the emissions be:

Emissions
VOCS

Emissionfactors of fossil fuels (g.kWh-' delivered electricity)
Gas

Oil

Coal

0.080

0.638

0.217

Emissionfactors of fossil fuels, in terms of delivered electricity

On the basis of the fossil fuel mix used to generate electricity, derived from the Digest of
United Kingdom Energy Statistics 1998' (33 percent coal, 31 percent gas, 26 percent
nuclear and 2 percent oil), it can be determinedthat to generate one kWh of electricity will
create the following emissionsform each fuel type:

Emissions
vocs

Emissionfactors on the basis of generation mix (g.kWh-1)
Gas

Oil

Coal

TOTAL

0.025

0.013

0.072

0.110

Emissionfactors of fossil fuels on the basls of generationmix

2 Howard, Nigel, Suzy Edwardsand Jane Anderson. BRE Methodologyfor EnvironmentalProfiles of
ConstructionMaterials, Componentsand Buildings. London:ConstructionResearchCommunications
Limited, 1999.
3 Department of Trade and Industry. Digest of United Kingdom Energy Statistics 1998, London:
HIVISO,1998.
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The values for natural gas and petroleum consumptionwill account for the typical relative
efficiency of appliances consumingthose sources."
Assuming a 1:1:1 ratio for the mixture of electricity : gas : petroleum for fuel types used
during the period of embodied energy consumption gives a value per fuel type of 93.1
kWh/a. Therefore, the emissionsassociatedwith eachfuel are:5
Electricity:

93.1 x 0.110

Gas:

93.1 x 0.036

= 10.2 gVOC.a-'
= 3.35 gVOC.a"

Petroleum

93.1 x 1.681

= 156.4 gVOC.a*l

Therefore, in total the reduction in emissionsis:
= 170.0 gVOC.a-'

5.4.14 Ecological Weight: EmbodiedC02Emission
in terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the emissionof ozone depleting gases.

5.4.15 Energy Consumption: Construction Processes
As for the other criteria that benchmark a reduction in the consumption of fossil fuel, there
will also be a reduction in emissionsof VOCs. The reduction in energy consumption during
on site construction can be determined from the benchmark analysis. From the mean
occupancy value, Space Standards: Area and Energy Consumption: Construction
Processes benchmarks,the reduction in energy consumptioncan be determined as:
'typical':

150 x 48.5

'urban house in paradise'

75 x 59.8

.*. reduction=

7,275 - 4,485 = 2,790 kWh

= 7,275 kWh
= 4,485 kWh

Across the design life span of the dwelling,this will equate to an annual equivalentreduction
of:
2,790/120

= 23.3 kWh.a-1

4Thomas, Randall(ed). EnvironmentalDesign,London: E&FN Spon, 1996.
5 The values determinedfor NOx emissions have had the N20 component deducted from the NOx
total, as N20 emissions are counted under the parameter of Contribution to the Reduction of the
Greenhouse Effect; not removing them for the Contributionto the Reduction of Pollution parameter
would double count them.
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In terms of fuel mix, gas will not be used as much for a fuel source during on site
construction, and therefore the ratio has been proposed as 4.5:4.5:1 for electricity
petroleum : gas.
Therefore, the reductionin the emissionsof ozone depleting emissions by fuel type will be:
Electricity:

10.5 x 0.110

Gas:

2.33 x 0.036

= 1.15 gVOC.a-I
= 0.084 gVOC.a*'

Petroleum:

10.5 x 1.681

= 17.6 9VOC.a*l

Therefore, in total the reduction in ozone depleting emissionsis:
= 18.8 gvOC. a-'

5.4.16 Energy Consumption: Inhabitation
The values for the emissions per kWh for each fossil fuel type, derived under the Ecological
Weight: Embodied Energy in Materials,can be used here to determine the ozone depleting
emissions from the energy consumed during the period of inhabitation. The electricity
saving by moving from the energy consumptionof the 'typical' dwelling to that of the 'urban
house in paradise'would be:
Typical spec built dwelling
'urban house in paradise'

= 48.5 x 38
= 59.8 x 10

= 1,843
= 598

.-. reduction

= 1,843 - 598

= 1,245 kWh.a-' electricity

Therefore, the reduction in ozone depleting emissions as a result of the reduction in
electricity consumption is:
1,245 x 0.110

= 137.0 gVOC.a71

In terms of gas consumption, there will also be a consequential VOC emission, which will
also be affected by the efficiency of the appliance convertingthe energy. From the Energy
Consumption: Inhabitationbenchmark,the saving in energy typically provided by gas can be
derived as 6,669.0 kWh.a-1. This value includes the inefficiency of the individual appliance.
Therefore the emissions is:
6,669.0x 0.036

= 240.1 gVOC.a-'
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Therefore, in total the reduction in ozone depleting emissionsis:
= 377.1 gVOC.a-l

5.4.17 Energy Generation: Inhabitation
This criterion will consider the contribution that will be made to the reduction of ozone
depleting emissions if the energy demand of the dwelling were created from renewable
sources as opposed to fossil fuels, If the area of the dwelling, based on typical occupancy
figures is 59.8 M2, then the overall reduction in fossil fuel consumption will be:
12 x 59.8

= 717.6 kWh. a*l gas

13 x 59.8

= 777.4 Whz'

electricity

The emissions that are associated with the burning of these fuel types have been
determined under the Energy Consumption:Inhabitationbenchmark. Therefore, the ozone
depleting emissions that would be created by these energy consumption values can be
determined as:
Gas:

717.6 x 0.036

25.8 gVOC.a"

Electricity:

777.4 x 0.110

= 85.5 gVOC.a-1

Therefore, in total the reduction in ozone depleting emissions that would be achieved by
adopting the benchmarkof EnergyConsumption:Inhabitationis:
= 111.3 gVOC.a-'

5.4.18 Green Space
As was discussed under the Ecological Significance of the Site criterion, plants can also
absorb forms of pollution; different species have varying capabilities in the rate of
absorption, and different rates of absorption for different pollutants for a given species.
However, it has not been possible to determinewhat species are assimilatorsof VOCs, and
therefore to determine a quantitativevalue of absorption. Even if this had been possible, it
would have proved difficult to justify this value on the basis that different species absorb
pollutants at different rates, and therefore different green spaces, with different species
diversity, would be likely to absorb varying levels of VOCs.

0
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5.4.19 Lifecycle Cost
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.20 Nitrogen Oxide Emissions
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depletinggases.

5.4.21 Other Ecological Impacts of Materials
in terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the emissionof ozone depleting gases.

5.4.22 Other Greenhouse Gas Emissions
Methane
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.
CFCs
The Montreal Protocol of 1989, on substances that deplete the ozone layer, sought to
commit industrialised nations to cut CFC consumption by half by the year 2000. Its
subsequent revision in London in 1990 led to the amendment of a complete phase out of
CFCs by January 2000. This was followed in 1992 by a revision in Copenhagento cease
the production of CFCs from 1 January 1996.6 Thereforethe emission of CFCs will not be a
relevant to the thesis.
HCFC9
The reduction of HCFCs will be achieved through the specification of insulation materials
that have been producedwithout using any of the variants of the gas as blowing agents. It
has been possible to determine that the manufacturerCellotex uses the HCFC 141B as a
blowing agent in the productionof some insulation materials! The ozone depleting potential
of this gas is 0.08, where the benchmarkgas CFC Ri 1=1.8

6 Ibid., Addenda February 1993.
Personalcommunicationwith Cellotexand EcothermLimited.
Thomas, Randall(ed). Op. Cit.
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As noted under the Contribution to Reduction of the Greenhouse Effect, only one
manufacturer would supply details of the quantity of HCFC used in the production of
insulation foams. In every case where a reason was given for not supplying values, this was
due to the confidentiality of such data. Therefore, the calculation of the effect of this
benchmark will be based on this value of 140 kgHCFCper tonne of insulation.'
The volume of insulation used to construct the analysis model of the 'urban house in
paradise', in the Deconstruction and Demolition: Recycling of Materials criterion in the
Contribution to Reduction of Natural Resource Consumptionparameter, is 22.39 M3 The
.
insulation
density
24
kg
is
41.67M3,
tonne
M-3
have
of
with a
of
which will
volume of one
an
HCFC content of 140 kg. Therefore,the insulationwithin the dwelling would have an HCFC
content of:
(22.39 141.67) x 140

= 75 kgHCFC

As the relative depletion potentiaJbetween the HCFC and VOCs has been unable to be
determined, they will assume to be equal. Should this information be derived at a future
date, it will be a relatively straightforwardprocess to update the value, using an identical
process used to convert each of the greenhouse gases into values of equivalent C02
emissions, in the parameterof Contributionto the reductionof GreenhouseGas Emissions.
Spread across the design life spanof the dwelling,this is an annual equivalent of,
75/120

= 625 g 141B.a"

However, this value is based on the assumption that all of the gas encapsulated within the
insulation will be released. The value of the proportion of gas released during the
manufacture of HCFC insulation is 5 percent.'O Adopting this proportion gives a value for
the reduction in emissionsof,
625 x 0.05

21.88 g 141B. a-'

9Two values were given by the manufacturer,one of 140 kgHCFC per tonne for foam with a density of
24 kg.M-3and 95 kgHCFC per tonne for foam with a density of 55 kg.M-3. The former value is used
because the manufacturerstates that this is the one most frequently supplied, as it both reduces
material costs and has a better value of thermal conductivity.
10 Personal communication with Mr G. W. Ball, President of the British Rigid Urethane Foam
Manufacturer'sAssociation,25 April 2000. The communicationstated that 5 percent of the added
blowing agent is lost during manufacture. None is lost during use, and upon demolition the insulation
is collected and combustedto destroy the blowing agent without emission to the air, in accordance
with a draft EU Directiveon demolitionwaste.
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However, this value assumes that the insulation that would be specified in the 'typical'
dwelling would always one that used an HCFC blowing agent. Due to the quantity of other
materials that do not, this is unlikely.
Tropospheric Ozone
In terms of its benchmark vaJue,this criterion is consideredto have no direct consequential
reduction upon the emissionof ozone depleting gases.
Nitrous Oxide
In terms of its benchmark value, this criterion is considered to have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.23 Pollution: Energy Consumption Inhabitation
This benchmark is a measure of the level of pollution that is caused by the energy
consumed during the period of inhabitation,measuredon a relative scale, per kilowatt-hour.
It is related to, but assessed independently, of the Energy Consumption: Inhabitation
benchmark, and is intended to ensure that fuels are not used that cause higher levels of
pollution emissions when alternatives are available. As the benchmark is assessed
independently of the level of energy consumption, the impact in terms of this parameter
need not be considered in terms of both the level of energy consumption in the 'typical'
dwelling and the 'urban house in paradise', but rather should be determinedon the basis of
only the latter.
Therefore, the energy consumption of the 'urban house in paradise', from the Energy
Consumption: Inhabitationbenchmarkis:
25 x 59.8

1495 kWh.a-'

As the impact of some of the pollution emissions under this benchmark will be considered
under other parameters,namely those that contribute to pollution not considered by the this
parameter,the followingtable shows which are being consideredhere:

prioritisIng:
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Dwelling

VOC Emission (g. kWh' delivered)

'Typical'

0.051

'Urban house in paradise'

0.036

VOC emissionof the typicaldwelling and 'Urbanhouse in paradise'

The level of emissions arising from each benchmarkcan be determined as,
Typical =

0.051 x 1495

'u h in P'=

0.026 x 1495

= 76.2 gVOC.a-'
= 38.9 gVOC.a-1

Therefore, the reduction in ozone depleting emissionswhich would be achieved by moving
f rorn the standardof the 'typicaJ'dwellingto that of the 'urban house in paradise' is,
76.2-38.9

= 37.3 gVOC.a-l

5.4.24 Procurement Strategy
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.25 Quality of Internal Environment: Indoor Pollution
In terms of its benchmarkvaJue,this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.

5.4.26 Quality of Internal Environment: Daylight
In terms of its benchmarkvalue, this criterion is consideredto have no direct consequential
reduction upon the emissionof ozone depleting gases.
5.4.27 Ouality

of Internal

Environment:

Ventilation

and Air Tightness

The Energy Consumption: Inhabitationcriterion will determine the contribution made to the
reduction in emissions through improvements in the efficiency of a number of factors that
contribute to the overall energy consumpton of the dwelling. However, reducing the heat
loss that occurs through the ventilation rate and the air tightness of the dwelling's structure
and fabric, as a contributor to this saving, will have a lesser impact upon reducing the
energy consumption.

prioritsing: ozone depletingemissions-5.2.01
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In order to determine the magnitude of these effects, the model of the 'urban house in
paradise' that was developed for the Contributionto the Reduction of Natural Resources
parameter, defined by a number of the benchmarks,will be used also. This will assist in the
purposes of relative comparabilityof data. Two scenarios were taken, firstly of a dwelling
with natural ventilation and an air tightness value both representativeof a 'typical' dwelling,
and secondly to the standards of the Quality of the InternalEnvironment:Ventilation and Air
Tightness benchmark of the 'urban house in paradise'. The annual energy consumption,
determined using the SAP model, was then establishedfor both scenarios.
The reduction in energy consumptionfor space heatingwas determined as 1,966.7 kWh.a-1.
The increase in energy consumption as a result of the additional fans was determined as
59.8 kWh.a-. The emissionsof ozone depleting material that will arise out of the reduction
and consumptioncan be determinedas:
Space heating (gas):

1,966.7xO.036

70.8 gVOC.a"l

The additional energy consumption,that powers the fans, will be electrical:
Electricity:

59.8 x 0.110

= 6.58 gVOC.a-I

Therefore, the effect on ozone depleting emissionscreated by achieving the Ventilation and
Air Tightness benchmarkof the'urban house in paradise'is:
70.8-6.58

= 64.2 gVOC.a-l

5.4.28 Recycling of Construction Waste
Whilst there will be an embodied energy content of recycled materials, these will be
accounted for within the EcologicalWeight: Embodied Energy criterion. Therefore, in terms
of its benchmark value, this criterion is consideredto have no direct consequentialreduction
upon the emission of ozone depletinggases.

5.4.29 Recyclability of Building: Adaptability
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the emission of ozone depleting gases.
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5.4.30 Space Standards: Area
Increasing the space standardsof the dwellingwill have an impact on the overall emissions
of that dwelling, due to the increasedenergy consumption,which is benchmarked per unit
area.
For the averageoccupancy of dwellings in the United Kingdom,of 2.4, the Space Standards
2

analysis gives a dwelling area of 48.5 m; for the 'urban house in paradise' this rises to 59.8
22

m, an increase of 11.3 m
Therefore, the increase in ozone depleting emissions that will occur as a result of the
average increase in Space standardswill be:
Embodied energy:

(11.3 x 250) / 120

Electricity:

7.85 x 0.110

Gas:

7.85 x 0.036

Petroleum

7.85 x 1.681

= 23.5 kWh.a-I
= 0.86 gVOC.a"
= 0.28 gVOC.a-I
= 13.2 gVOC.a-I

Therefore, in total the additionalembodiedenergy ozone depleting emissions will be:
= 14.3 gVOC.a*'
During inhabitation:

11.3 x 15
11.3 x 10

= 169.5 kWh gas
=1 13.0 kWh electricity

Gas:

169.5 x 0.036

= 6.10 gVOC.a-'

Electricity:

113.0x 0.110

= 12.4 gVOC.a7'

Therefore, in total the additionalemissionsduring inhabitationwill be:
= 18.5 gVOC.a-'
Therefore, in effect the contributionto the reduction of ozone depleting emissions is:
=- 32.8 gVOC.a-I

5.4.31 Space Standards: Volume
Because the energy consumption both for both embodied energy and during the period of
inhabitation is quantified by the benchmarksper unit area, the Space Standards: Volume
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criterion will have no additional effect.Therefore,in effect the contribution to the reduction of
ozone depleting emissions is:
=- 32.8 gVOC.a-I

5.4.32 Thermal Performance
The Energy Consumption:Inhabitationcriteriondeterminedthe contributionmade to the
in the efficiencyof a number
reductionin ozonedepletingemissionsthroughimprovements
of the dwelling. However,there
of factorsthat contributeto the overallenergyconsumption
will be a lesserbenefitthroughsolelyincreasingthethermalperformanceof thefabricof the
dwelling;this value will also be affectedby the increasein the embodiedenergyof the
fabric.
In order to determine the magnitude of these effects, the model of the 'urban house in
paradise' that was developed for the Contribution to the Reduction of Natural Resources
parameter, defined by a number of the benchmarks,was used also. This assisted in the
purposes of relative comparability of data. Two scenarios were taken, firstly with the
dwelling insulated to current Building Regulation standards, and secondly to the standards
of the Thermal Performance benchmark of the 'urban house in paradise'. The annual
energy consumption, determinedusing the SAP model, was established for both scenarios,
and the embodiedenergy of the additionalinsulation was calculated.
The reduction in energy consumption for space heating was determined as 569 kWh.a-1.
The increase in the embodied energy was determined as 5,395 kWh; spread across the
design life span of the dwelling this would equate to an annual equivalent value of 45.0
kWh.a". The ozone depleting emissions that would arise out of the consumption can be
determined as:
Space heating (gas):

569 x 0.036

20.5 gVOC.a-'

electricity:

15.0 x 0.110

gas:

15.0 x 0.036

= 1.65 gVOC.a-'
= 0.65 gVOC.a"

petroleum

15.0 x 1.681

Embodied (1:11):

= 25.2 gVOC.a-'
= 29.7 gVOC.a-1
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Therefore, the reduction in ozone depleting emissionsis:
20.5-29.7

=-9.2 gVOC.a-I

Thus whist there is an reduction in the energy consumption, because the space heating is
gas fuelled, which has a relatively low VOC emission level, whereas the embodied energy
has a mixture of fuel sources, the actual annualemission level is increased.
The additional volume of insulation that is required to achieve the thermal performance
benchmarks for the model analysis is 24.2 m3. However, as the benchmark for Other
Greenhouse Gases: HCFC requires that insulation materials should have an ozone
depleting potential of zero, there will be no additionalozone depleting emission associated
with this increase in mass.
This value must be treated with a degree of caution. As this criterion was concerned only
with the direct effects of increasingthe thermal performance,all other parameters were kept
constant during the energy consumption modelling. Therefore no account is made of the
consequent impacts of increasing the standard, such as affects on the type of heating
system that would be specified. These are accounted for collectively by the Energy
Consumption: Inhabitationcriterion.

5.4.33 Use of Recycled Materials
In terms of its benchmark value, this criterion is consideredto have no direct consequential
reduction upon the emissionof ozone depleting gases.

5.4.34 Use of Renewable Raw Materials
in termsof its benchmark
to haveno directconsequential
value,thiscriterionis considered
upontheemission
of ozonedepleting
gases.
reduction
5.4.35 Utilisation of Local Resources
The only determinable effect that the utilisationof local resources may have on the reduction
of pollution emissions will be through the reduction in transport. It has not been possible to
determine the magnitudeof total energy consumedthrough this criterion, and the mix of fuel
types that would be used. Also, a benchmark for the typical dwelling could not be
determined. Therefore it is not possible to establish the relative contribution of this criterion
to the parameter of the reductionof ozone depleting emissions.
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5.4.36 Water Consumption: Construction
From the benchmark analysis of this criterion, it was determined that the typical and 'urban
house in paradise' benchmarksof water consumedduring the construction of the dwelling
are 34.1 and 8.5 litres per square metre. For the average occupancy of dwellings in the
United Kingdom, of 2.4, the Space Standardsanalysisgives a typical dwelling area of 48.5
M2; for the 'urban house in paradise'this rises to 59.8 M2. Therefore, the quantity of water
consumed in the constructionof these two dwellingscan be determined as,
59.8 x 8.5

= 1,653.8litres;
= 508.3 litres

.-. reduction

= 1,144.7litres;

48.5 x 34.1

Accounting for the life span of the dwelling,the annual equivalent reduction will be:
1,144.7/120

= 9.54 litres.a-1

It was also determined that the reduction of 153.5 litres of potable water consumption per
person per day will equate to an energy reduction of 0.08 kWh of energy per day.
Therefore, the reductionof 9.54 litres per annum will equate to an energy reduction of 0.005
kWh.a-1. The generation of that energy will create pollution. For the purposes of this
calculation, it will be assumed that all of this energy will be electricity. The ozone depleting
emissions that are associated with the generation of this energy can be determined using
the data in the criterion of EnergyConsumption: Inhabitation:
0.005 x 0.110

5.4.37 Water Consumption:

= 0.0006 gVOC.a-I

Inhabitation

For the'urban housein paradise'thelevelof mainsconsumptionis benchmarked
as 8 litres
per person per day. During the analysis to determine the benchmarkof Water
Consumption:Inhabitation,it was determinedthat the reductionof 153.5litres of potable
water consumptionper personper day will equateto an energysavingof 0.08 kWh of
energyper day. Acrossthe periodof a year this will equateto an annualreductionof 29.2
kWh. Basedon the meanoccupancyfigures for dwellingsin the UnitedKingdomof 2.4
peopleper dwelling,this will equateto an annualhouseholdreductionof 70.1 kWh if the
benchmarkfor the 'urbanhousein paradise,is achieved.
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As for the other parameters, this energy is presumed to be all electricity. The ozone
depleting emissions that are associated with the generation of this energy can be
determined using the data in the criterionof EnergyConsumption:Inhabitation:
70.1 x 0.110

= 7.71 gVOC.a-I
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Annexe 6.0

Validation Questionnaires

This annexe contains the questionnairescompletedby the specialists asked to participate in
the validation the 'urban house in paradise'assessmenttool, refer to chapter 11.0 in volume
1.
The first was completed by Geoffrey Brundreft,who is president of the Royal Society for
Health, past president of the Chartered Institute of Building Services Engineers, and an
authority on air tightness and ventiLationin buildings. He was a member of the CIBSE Task
Group involved in the productionof TM23 on testing buildings for air leakage; The Chartered
Institution of Building Services Engineers. TechnicalMemorandum23 - Testing Buildings
for Air leakage, London: CIBSE, October 2000. He reviewed the assessmenttool from the
perspective of a services engineer. The second questionnairewas completed by Ian Wroot,
who is a practicing architect and senior lecturer at Liverpool John Moores University's
Centre for Architecture, specialising in technology in architecture; he reviewed the
assessmenttool from the perspectiveof a project architect.

0
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Urban Housing Performance Benchmark Assessment Tool
Validation Questionnaire
The aim of this questionnaire is to provide a framework for an assessment of the urban
housing performancebenchmark tool by a specialistafter it has been used. Briefing on how
to utilise the performancebenchmarktool will be given to each validating assessor before its
use. The tool is to be evaluatedagainst the followingquestions, either by rating between 1
and 5, circling the appropriate vaJue,or by indicating 'Yes'or'No', as appropriate. Space is
provided below each question for additional comments, such as details as to why the
response has been given. In the case of 'Yes' or'No' responses,elaboration is requested.
How do you rate the ease with which the performance benchmark tool is used to
conduct an assessment of a dwelling?

Excellent

Poor
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How do consider the time taken to conduct an assessment of a dwelling using the
tool, in the context of the detail of the outcomes?
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Excessive

Short
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3

How do you rate the probable accuracyof the predicted benchmarks?
Acceptable

Inaccurate
12345

Very accurate

U)

If there are specificareas that have influencedyour response, please give details.
'rw-yu\ý

'aldT

P,o 7 ý-,, r, +,
to

Pe. gt,4,#,

«r,)J-4L

"o

Al

ýjpAýLdy,

(f

(TJ 4ýe etý J'k PMVT»

07-

Utýr4TUA-Fldr-J

0)

fL

ry

M(

re

(--4cNL

-

M4

ý(«-ý,
ýi2

r%j ITI

pi
MÜ

ge)4okffr

#NJC-UV 1)C'V)

96co.-Ilve. kri

/"Pldzrc?wr
D t:,,?k6 '11

If-j

Did a repeat assessment using the tool give the same results?
Yes / No

if "No" please give details.
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Do you feel that there are any areas of ambiguity within the assessment
methodologyof the performancebenchmarktool?
Yes / No

It "Yes" please give details.
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Are there any areas of the performance benchmark tool's assessment that you
consider to be of particularsignificance?
Yes I No

If "Yes"please give details.
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Are there any areas of the tool's assessmentthat you consider to be redundant?
Yes / No

If "Yes"please give details.
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8

Are there any elements of a dwelling's performance that you consider the tool
should assess but does not?
Yes / No

If "Yes" please give details.
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Are there any improvementsthat could be made to the tool?
y !ýS) No

If "Yes' please give details.
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How relevant to you feel the performance benchmark tool to be, given the current
drives for innovation that are being promoted in the house building industry?

Irrelevant

Very relevant
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Overall, how do you rate the success of the tool as a way in which to assess the
performance of a dwelling? Please give details of your opinion.

Poor
1

Excellent
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Finally, do You have
any further comments to offer?
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Urban Housing Performance Benchmark Assessment Tool
Validation Questionnaire
The aim of this questionnaire is to provide a framework for an assessment of the urban
housing performancebenchmarktoot by a specialistafter it has been used. Briefing on how
to utilise the performancebenchmarktool will be given to each validating assessor before its
use. The tool is to be evaluatedagainst the followingquestions, either by rating between 1
and 5, circling the appropriate value, or by indicating'Yes' or'No', as appropriate. Space is
provided below each question for additionaJcomments, such as details as to why the
response has been given. In the case of 'Yes' or'No' responses,elaboration is requested.
How do you rate the ease with which the performance benchmark tool is used to
conduct an assessmentof a dwelling?
Poor
I

Excellent
2

A more elaborate hierarchical system could be incorporated for information input, so that
more detailed information is only required if the user chooses advanced options at different
stages.

2

How do consider the time taken to conduct an assessment of a dwelling using the
tool, in the context of the detail of the outcomes?
Excessive
I

Acceptable

n,

Short

345

Difficult to answer without knowing who the tool is intendedfor. It seems very advancedand
time consuming for general use be architectsand developers.

3

How do you rate the probableaccuracyof the Predictedbenchmarks?
Inaccurate

Acceptable

Very accurate

1235
If there are specific areas that have influencedyour response, please give details.
C3
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I have not had the time to really test the tools accuracy, it would have to be pitted against
traditional long hand calculationsor similar softwareavailable in the market place.
4

Did a repeat assessmentusing the tool give the same results?
Yes / No

If "No" please give details.

Yes

5

Do you feel that there are any areas of ambiguity within the assessment
methodology of the performancebenchmarktool?
Yes / No

If 'Yes" please give details.

No

6

Are there any areas of the performance benchmark tool's assessment that you
consider to be of particular significance?
Yes / No

If "Yes" please give details.

Yes
The embodied energy and energy use of appliance aspects of the tool is particularly
interesting because I have never seen a software package that tackles these issues before.
The raw data provided in the tables relating to these are useful in themselves although
verification of the sources and probableaccuracyof the statistics should be provided.
7

Are there any areas of the tool's assessmentthat you consider to be redundant?
Yes / No

If "Yes" pleasegive details.

No
But it couldbe overlydetailedandonerousin placesfor realisticuse.
8

Are there any elements of a dwelling's performance that you consider the tool
should assess but does not?
Yes / No

If "Yes" please give details.

No
There are a range of subjectivevalues of course but these are in the realms Of Creativitynot
statistical assessment.
0
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Are there any improvementsthat could be made to the tool?
Yes / No

If "Yes" please give details.

Yes
Refer to answer 1
10

How relevant to you feel the performancebenchmark tool to be, given the current
drives for innovationthat are being promoted in the house building industry?

Irrelevant
I

Veryrelevant
23

Overall, how do you rate the successof the tool as a way in which to assess the
performanceof a dwelling'?Please give details of your opinion.
Poor
1

Excellent
3

5

Again flexibility of use would be a great benefit so that quick assessmentcan be made early
on in the design process with a minimum of data input and more detailed performance
model producedat various stages as more design data become available.
12

Finally,do you have any further commentsto offer?

Very impressiveso far.

[an Wroot
SeniorLecturer
Centrefor Architedure
UverpoolSchoolof Art& Design
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Annexe 7.0

Research Papers

This annexe contains research papers that have been written and disseminated during the
research period.
These papers were prepared for and delivered at the Housing Policy and Procurement
colloquium, at Liverpool John Moores University on 2V June 2000. The subject matter is
based on concepts being developedwithin the thesis.
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7.1

Innovation
Programme:

Task
and

Force,

Construction

Movement
Best

for

Practice

Relevance and Appropriateness to

Innovation in a Wider Context
Abstract
There currently exists a significant drive toward improving the performance of the
construction industry. In the Construction Task Force's report Rethinking Constructiona
chapter was dedicated to the issue of housing, following the publication of which, the
Movement for Innovation(m4i) was established to oversee the implementationof the Task
Force's objectives into the industry, and the Housing Forum to oversee innovation in house
building.

The two Government backed Millennium Community Competitions have

specifically addressed the issue of housing performance in design, construction and
inhabitation.
This paper will conduct a critique of the criteria and benchmark targets proposed by the
Construction Task Force, and to be implemented through m4i and the Construction Best
Practice Programme, in terms of the improvement of the performance of housing during
design, constructionand inhabitation. Attention will be paid to their relevancein the context
of the increasinglysignificantdeterminantsof ecological, economic and social sustainability.
The paper will conclude in a proactive manner by making proposals for an
alternative/complimentary agenda of performance criteria to those currently being
consideredby the industry.

Key Words
Benchmarks, Construction Best Practice Programme, ConstructionTask Force, Movement
for Innovation,performancecriteria, sustainability.
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1.0

Introduction

Housing policy and procurementmethods require to comprehensivelychange. There is no
discernible improvement in what is being offered consumers:
because of demonstrable excessive wastage and inefficiencies from land use to
construction methods,
because of energy profligacyespecially during the period of inhabitation,
because of the absenceof communitylife within housing areas,
because of a lack of adaptabilityof houses to meet material change,
and because of an overarching lack of value for money.
These five areas of concern suggest an absence of short and mid-term ecological,
economic and social sustainability.
In order to address this need for change, accent on costs being the sole arbiter of decision
making needs to give way to value being placed on a wider agenda of items, land needs to
be more efficiently used, and behaviour of policy makers and housing providers needs to
radically adapt. Such changes will be achievedthrough community-ledhousing practices, a
massive increase in practical research and development, acknowledgement that
improvements will only emerge through design time, a methodological setting and
monitoring of benchmarks,and the creation of new types of policy organisms and provider
companies.
This paper addressesone aspect of this need for change, namely a critical appraisal of the
current drive toward benchmarkingimprovements to the performance of the construction,
and explicitly within that, house building industry, in terms of the increasingly significant
determinants of ecological,economic and social sustainability.

2.0

The Global Context

The rapid advances in technology that occurred during the last century were followed by a
realisation that our increasingly 'developmentorientated' culture brought with it increasing
impacts upon the planet that we inhabit. It is during this century that technology will have to
be brought to bear, and used to resolve the problems that its development has created.
These impacts on our planet, some irreversible, are numerous and include resource
Consumption,ozone depletion,species extinction, pollution and eutrophication.
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Consider climate change as one example of an impact within the broader problem of
sustainability, as it is an impact with which the majority are, at least in concept, familiar with.
The greenhouseeffect, caused by the build up of carbon dioxide (C02) in the atmosphere,is
considered as one of the greatest environmentaleffects that man has had upon the planet,
and that if current trends continue levels ofCO, concentrations are certain to be reached
that will dangerously interfere with global climate.' At the 1992 Earth Summit 154 states
signed the Framework Convention on Climate Change, which includes the demand that
signatory states stabilise greenhouse gas concentrations, '... at levels preventing a
dangerous human interactionwith the climate.'
The earth's atmosphere has a natural greenhouse effect, without it the average global
temperature would be too low to support human life. However, human activity is
significantly magnifyingthe extent of the natural greenhouseeffect, to the point of raising the
temperature of the planet. In the late 1980s, the Intergovernmental Panel on Climate
Change (IPCC) was establishedto determine the implications of the perceived changes in
The IPCC suggest that to stabilise our climate would require reductions of
greenhouse gas emissions in the region of 60 percent worldwide.2 It is estimatedthat the
climate.

50 to 60 years.3
periodavailablefor achievingthistargetis approximately
Parties to the United Nations FrameworkConvention on Climate Change (UNFCCC)held in
Kyoto, during December 1995, adoptedthe Kyoto Protocol. This sets out targets for Europe
to reduce its emissionsof the six primary gases that cause climate change. This target is to
cut emission by 8 percent below the levels of emission in 1990, by the period between 2008
and 2012. Evidently this is somewhat belowthe targets identified by the IPCC.

3.0

The Local Context

"The sum of the local at least equals the global" is a familiar phrase for those with an interest
in sustainability, and the United Kingdom has a significant part to play in the global picture
outlined above.

I Weizsacker, Ernst von, Amory B. Lovins and L Hunter Lovins. Factor Four - Doubling Health,
Halong Resource Use, London:EarthscanPublicationsLimited, 1998.
2 intergovernmental Panel on Climate Change. The IPCC Scientific Assessment, Cambridge:
Cambridge UniversityPress, 1996.
3 Weizsacker, Ernst von, Amory B. Lovins and L Hunter Lovins. Op. Cit
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Approximately 50 percentof the C02 emissions in the United Kingdom can be attributed to
energy use in buildings, and 60 percentof this, or 30 percent of the total, can be attributed
4
to the dwelling stock. In addition, C02 accounts for around 87 percent of the relative
contribution of the anthropogenicgreenhousegas emissions in the United Kingdom.5 The
level of domestic emission at present is approximately 157 million tonnes; the goal by the
year 2010 is approximately 134 million tonnes.0 Since the Kyoto Earth Summit, the
Government in the United Kingdomcommitted itself to go beyond the demands of the Kyoto
Protocol, setting the target of a 20 percent reduction of 1990 levels of domestic emissions
by 2010.7 This is still somewhat below the IPCCtarget of 60 percent reductions.
Evidently, to address these issues, remembering that the contribution to the greenhouse
effect is but one of a wider range of impact consideredhere, rapid and significant inroads
need to be made in improving the performance of the products of our national house
builders.

4.0

The Consumer Product

The current products of the national housing providers, house builders and housing
associations, are inefficient and wasteful examples of energy and resource profligacy. The
inadequacy of these existing products can be demonstrated through an appraisal of the
typical three bedroom semi-detached dwelling, which is taken as being representative of
that product. The appraisal constituted a benchmark study of the performance of the
dwelling against a set of predeterminedheadline criteria; these can then be contrasted with
the performanceof a dwelling by our Europeancounterparts as a comparisonfor each of
the criteria.

4 Shorrock, L. D. Future Energy Use and Carbon Dioxide Emissions for UK Housing: A Scenario,
Building Research Establishment,July 1994; and Departmentof the Environment,Transport and the
Regions, 'Building A Sustainable Future - Homes for an Autonomous Community,' General
Information Report Number53, London:HMSO, 1998.
5 West, John, Carol Atkinson and Nigel Howard. 'EmbodiedEnergy and Carbon Dioxide Emissions for
Building Materials,' Paper presented at the CIB Task Group 8 conference on 'Environmental
Assessmentof Buildings,' 16-20 May 1994, at the Building Research Establishment.
6 Departmentof the Environment,Transportand the Regions. A Better Qualityof Life -A Strategy for
Sustainable Developmentfor the UK, London: HMSO, May 1999.
7 Lowe, Robert and Malcolm Bell. Towards Sustainable Housing: Building Regulation for the 21st
Century,Leeds: Leeds MetropolitanUniversity, 1998.
M
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Criteria

T313

European

CO. emissionsduring inhabitation(kgC02.M-2a-')

50.4

0

Density (d. ha-1)

< 100

300

Design Iffe-span (years)

60

120

Embodied energy (kWh M-2)

1,000

250

Embodied CO, (kgC02, M-2)

360

90

Energy consumption during inhabitation (kWh. M-2a-')

194

32

Energy generation (kWh. m-2.a-1)

0

13

Potable water consumption (I.p-l.d-1)

160

0

Space standards(M2and M)

82,197

104,250

Thermal performanceof the envelope- roof, wall (W.M-2
X-1) 0.25,0.45

0.09,0.14

Therefore, the current products of our national housing providers can be seen as inefficient
and wasteful. At present they are unable to be a part of any drive toward a cessation of the
destruction of the natural environment. Evidently they can be significantly improved upon,
as demonstrated by one-off dwellings in the United Kingdom, and both one-off and volume
building in Europe.

5.0

Construction

Taskforce,

Movement

for

Innovation

and

Construction Best Practice Programme
In July 1998 the ConstructionTask Force, chaired by Sir John Egan, published its report
Rethinking Construction." Its objectives were to propose improvements in cost, duration,
quality, safety and performance for the construction industry, informed by experience of
radical change and improvements in other industries. The Movement for Innovation (M41)
and the Construction Best Practice Programme (CBPP) were both established with the
specific intention of improving the performance of the construction industry, and explicitly
within that the house building industry.
The M41 was specifically established with the aim to translate the ambitions set forth in
Rethinking Constructioninto reality. The mission of the M41is to implement improvement in
the construction industry in terms of value for money, profitability, reliability and respect for
people. its specific objectivesin achievingthis ambition are a 20 percent reduction in capital
cost and construction period, 20 percent reduction in defects and accidents, a 10 percent
ConstructionTask Force. RethinkingConstruction,London: HMSO,July 1998.
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increase in profitability, and a 20 percent increase in predictability of the performance of a
project.9
The CBPP created a series of Key Performance Indicators (KPIs) against which to
benchmark the performanceof specific criteria within the construction industry and process.
These would both act as drivers for change and monitor progress. The KPIs covered the
following areas: construction cost, constructiontime, predictabilityboth in terms of cost and
time, productivity, profitability,defects, safety, and client satisfactionin terms of product and
service.
The inadequacyof the existing products of the house building industry has been established
above. Therefore it is now possible to consider to what extent the remit of the agendas of
the M41and CBPP are capable of implementing improvements in the performance of a
dwelling which will address the urgent progress that is required in the environmental
sustainabilityof the housing stock.
The criteria being addressed by both the M'l and CBPP can be collectively considered as:
construction cost, construction duration, predictability, productivity, profitability, defects,
safety, and client satisfactionin terms of productand service. As a comparison,other criteria
could also be consideredwhich have emerged as part of the current drive toward improving
the performanceof the dwelling. These have developed as key criteria from initiatives such
as the Government's Millennium Community Competitions in Greenwich and Allerton
Bywater and have, through researchconducted by the author, emerged as among the most
critical criteria in improvingthe ecological sustainabilityof a dwelling." These are used in
the comparison above between the typical dwelling produced by our national house builders
and housing associations and current best European practice. They are: C02 emissions
during inhabitation, density, design life-span, embodied energy, embodied C02, energy
consumption during inhabitation, energy generation, potable water consumption, and
thermal performanceof the envelope.
In terms of determining the benefit to the environmental sustainability of the dwelling,
improvementscan be consideredagainst four parameters of degradation. These are not all
encompassing, but present a range of ecological impacts on the natural environment: they
9 The Movementfor Innovationwebsite, 12 May2000: www.m4i.org.uk
10 Smith, Charlie. Procuring the Urban House in Paradise, on-going PhD thesis, Liverpool John
Moores University.
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are: the greenhouse effect, pollution emissions, natural resource depletion (which included
species and habitat destruction), and ozone depletion." The potential improvement in
sustainability is considered as the contribution made to minimising the impact on each
parameter by moving from the performancestandard of the typical dwelling to that of the
improved scenario for each of the criteria. In the case of the M4I and CBPP criteria, the
scenario is given by the proposed benchmark improvements; in the case of the other
criteria, these are determined by the change from the typical 3 bedroom semi-detached
dwelling to the Europeanstandardsoutlined above.
if the benchmarked improvementsin construction cost, construction duration, predictability,
productivity, profitability, defects, safety, and client satisfaction are achieved, it is selfevident that none will have any direct and significantbeneficial effect in reducing the impact
of a dwelling on the parameters of degradation. Thus it can be concluded that at present
the M41and CBPP criteria are unable to be a part of any drive toward a cessation of the
destruction of the natural environment;whereas there are other criteria, all capable of being
benchmarked, that are eminently suitable for this purpose. This critique demonstrates an
inadequacy of the scope of the M4I and CBPP criteria in improvingthe current product of the
house building industry to address the increasinglysignificantdeterminants of sustainability.
Neglecting such crucial areas as energy consumption and emissions could therefore be
construed as a significant shortcomingof the M4I and CBPP agendas, particularly if their
raison detre is understoodas to improvethe performanceof our built environment.
However, this is not to say that in their presentform they should address such issues, but to
demonstrate that currently they are an incomplete set of criteria when considering the
concept of improvingthe performanceof our house building industry in a wider perspective.
Also that to create such a holistic set will require the addition of prudently selected
performance criteria. The challenge thus becomes to establish a more holistic set of criteria
against which to benchmarkthe performanceof the dwelling, which encompass a response
to the wider agenda.
What should these criteria be? At present the Building Regulationsare the only mandatory
requirements that set down the performanceof a dwelling, and this is limited to the thermal
performance of the fabric. In the commercial sector this has actually contributed to a
11These criteria are selectedfrom those used for the Dobris Assessment,a report on the state of the
pan-Europeanenvironment: Stanners, David and Philippe BOurdeau(eds). EuroPeSEnvironmentThe Dobris Assessment,Cambridge:European EnvironmentAgency, 1995.
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negative effect; the dramatic rise in energy consumptionthrough mechanicalair-conditioning
was able to arise because of the exclusive focus upon envelope U-values.12 In terms of
voluntary benchmarking, this also exists in partial format. One of the most recognised
environmental performance assessments for buildings are the Building Research
Establishment's EnvironmentalAssessment Models (BREEAM),the most recent reissue of
the version for dwellings is EcoHomes,published last April." These offer a limited set of
quantitative parameters in terms of improvingthe environmentalsustainabilityof a dwelling,
such as carbon dioxide emissions, thermal performance, low nitrogen oxide emissions.
However, this assessmentdoes have its shortcomings. For example the focus uponC02
emissions without energy consumptionmeans that a larger amountof energy of a fuel with a
lower carbon content could be used; this would have a detrimental effect in ways not
accounted for by the EcoHomescriteria, such as the consumptionof natural resources.
The criteria used in the comparison between the typical product of our housing providers
and European best practice evidently lend themselves to defining the environmental
performance of a dwelling, and as stated have emerged as among the most critical criteria
in improving the ecological sustainability of a dwelling. As an exercise in determining which
of these have the most benefit in reducing the ecological impact of the dwelling, they were
subject to a process of prioritisation. This aimed to determine their relative significance to
improve the overall ecological sustainability of the dwelling, and therefore provide a potential
structure for adding criteria to those already being used by M4I and CBPP.

The improvement in performance was taken as moving from the standard of the typical
three bedroom semi-detacheddwelling to that of a best practice European dwelling, as
given above, which has been proven as technically feasible. For each of the criteria, the
improvement in performance was measured in terms of its contribution to reducing the
effects of the four parameters of greenhouse gas emissions, pollution emissions, natural
resource depletion and ozone depleting emissions. For example, in the case of energy
consumption during the period of inhabitation, the amount of energy saved by moving from
for a typical dwelling of 84 M2was calculated. It was then determined
'M-2a"'
what this saving would contributeto the reduction in carbon dioxide and methane emissions,
194 to 32 kWh

the emissions of pollutants, the consumption of fossil fuels, and the emission of ozone
depleting gases. This process was carried out for each of the criteria, and the contributions
12Lowe, Robert. 'Definingand Meetingthe Carbon Constraintsof the 211 Century', Building Research
& Information,March2000.
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under each parameter converted into directly comparable units, such as kgC02 per annum
equivaJentfor reduction in greenhousegas emissions.
These quantitative values were then converted into a normalised ratio of each other. This
was done to make the contributions for the different parameters more comparable. The
methodology is adaptedfrom the Analytic HierarchyProcess (AHP)." For each parameter
the values the contribution of all the criteria are summed to provide an overall total of the
reduction in impact on that parameter; the contributionfor each individual criterion under
that parameter is then divided by the total. Thereforethe total of the weightings under each
parameter sum to equal one. This provides a weighting for each of the criteria, in terms of
its relative contribution to reducing the impact on that parameter, for each of the four
parameters, which is a ratio out of one. By adding the weightings for each of the criteria
across the four parameters an overa.11normalised weighting for a specific criterion can be
determined. The results of this process are given in the table below, ordered with the
highest weighting first.
Criteria

Weighting

Energy consumption - inhabitation (kWh M-2.a-')
Embodied energy (kWh. M-2)

2.328

C02

0.411

m-2. a-')
emissions- inhabitation(kgCO2.
Energy generation (kWh.m-2.
a-1)

0.388

Design Iffe-span(years)

0.091

(W. M, 2

Thermal performance

X")

0.295
0.049

Potablewater consumption(I.p-l.d-1)

0.048

EmbodiedC02

0.021

(kgC02'

Density (d.ha-')
Space standards

M-2)

0.012
(M2/M3)

-0.129

What the weightingsare able to demonstrate is not only the most significantof the criteria in
reducing the environmentalimpact of the dwelling, as assessed against the four parameters,

13Rao, Susheel,Alan Yates, Deborah Brownhill and Nigel Howard. EcoHon?
es - The Environmental
Rating for Homes, London:ConstructionResearchCommunicationsLimited, April 2000.
14Wedley, William C. 'The Analytic HierarchyProcess,' Socio-EconomicPlanning Science, January
1990.
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but also the relative significance of the criteria to each other. For example, and probably
most worthy of note, is that the most significant,the energy consumedduring the life span of
the dwelling, has a weighting over five times that of the next most significant,the embodied
energy of the dwelling. The relative proportionsof these criteria can be visually represented
in a pie chart.

RelabveSignificanoeof Weightingc

a Energy ConsumptionInhabitation
n Embodied Energy
(I C02 Emissions- Inhabitation
a Energy Generation
mDesign Ufespan
a Thermal Performance
MWater Consumption
a Embodied C02 Emissions
mDensity
a SpaceStandards

Therefore, this would suggest that as an expansion of the existing M4I and CBPP criteria, or
a complementary set, the above should be considered as significant, and their relative
weightings used to inform the priority to be given to achieving established benchmarks. In
addition, specific emphasis should be placed upon achieving significant reductions in the
energy consumed by the dwelling during its period of inhabitation, as this will, in relative
terms, have by far the greatest benefit on the ecologicalsustainabilityof the dwelling.

6.0

Value for Money

if we are unable to break 'cost-orientated'thinking, there are potential links that could be
made between the agendaof the M4I and CBPP and the wider agenda of sustainability. An
example of how such a synthesismight be achieved is given by lifecyclecosts, which at one
time was a part of the M4I agenda. Benchmarking a reduced lifecycle, as well as
construction, cost would place emphasis on reducing the energy costs of the building,
through reducing energy consumption. Also reducing maintenancecosts could be achieved
0
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by increasingthe life span of the dwelling's components,with a consequent increase in the
efficiency of natural resourceuse.
That is not to say that cost should lead environmentalperformance,but that it may provide a
route through which to implement improved environmentalperformanceby providing tradeoffs between reducedconstruction costs to increase specification and performancein order
Raymond Cole, who works in the field of environmental
assessment,is an advocate of 'nesting' criteria, This means that a few key criteria have a

to reduce lifecycle costs.

second or third level of criteria below them that provide the mechanism through which to
achieve the headline targets. This could be adopted for lifecycle costing as a headline
benchmark, with construction cost, energy consumption and maintenance as inter-related
component benchmarkscontributingto it. There would be specific energy targets to achieve
that overall lifecycle benchmark. In the context of increasing energy costs, this would force
a progressivedecrease in energy consumptionin order to continuallymeet the target.
However, in procurementterms there are specific problems in terms of implementingfocus
on lifecycle rather than construction costs. This is particularly the case for private
speculative house builders, where there may be little perceived added value to a property
with very low energy costs, and therefore consumption. Speculative house builders are
market led beasts, and claim that at present there is little demand to reduce energy
consumption of the dwelling.15This is an example of a contrast between the house building
industry and the car manufacturingindustry. Few, if any, car manufacturerswould provide
specification details for a customer without including the energy consumptionof the vehicle,
which is a highly performancedriven product. This is in sharp contrast to the specifications
typically provided for new dwellings that rarely, if ever, include details of likely energy
consumption, afthough the Standard Assessment Procedure (SAP rating) was allegedly
supposedto provide a mechanismfor this.
Public sector housing might be more likely to perceive benefit in reducing lifecycle costs due
to the long-term involvement of resident social landlords. Reducing energy costs through
minimising consumption will mean that tenants have a reduced financial burden, and
reducing the amount of maintenance required to a dwelling, and energy and resources
embodiedwithin that maintenancewould also reduce lifecyclecosts.

" Burns, Mark. Toward a Mass Market for Sustainable Housing, unpublished dissertation thesis,
LiverpoolJohn Moores University,2000.
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7.0

Community

Of coursesustainabilityencompasses
notonlyecologicalissues,there are alsosocietaland
economicspheres. Theseissuescouldalso be addressedthroughwideningthe scopeof
benchmarkedcriteria. For example,benchmarkingprogrammaticdiversityof a housing
developmentwould createan impetusfor increasingcommunityfacilitiesand foci, rather
housingestates;this wouldalso have the added benefitof
than creatingmono-functional
reducingtransportby car.
Also, emphasis placed on reducing energy consumption,with consequent emissions,would
reduce energy bills, and therefore provide owners or tenants with more disposable income.
Across the life span of the dwelling this cost saving can be significantly more than the
increased construction costs. For example, if a typical annual energy consumption bill,
therefore excluding standing charges, for a three bedroom semi-detached is C372 per
annum;" if the energy consumption were reduced to 16.5 percent of that, as in the
European precedentgiven above, the energy costs would be reduced to C61.38per annum.
Even ignoringfuel cost increases, across the life of the dwelling17this would equate to a cost
saving in energy bills of C18,637.20. Across the area of the dwelling, taken as 84 M2, this
would be profitable if the additional construction costs were less than 221.74 C/M21. Even
across the typical ownership period of a dwelling of 5 years, this would equate to a total
energy consumption bill saving of E1,553.10,or 18.48 C/M2. This increase in disposable
income of E310.62 per annum will help to contribute to the overall sustainability of the
dwelling's inhabitants both in terms of economic and social inclusion, in addition to the
environmentalsustainabilityof the dwelling itself.

8.0

Conclusion - Overall Sustainability

To return to the issue of carbon dioxide emissions and global warming, by way of example,
to what extent can new and refurbished dwellings contribute to improving global
sustainability? It has been suggestedthat in developed countries significant improvements
need to be made to the environmentalimpact of our actions even just to halt the trend of
climate change. To achieve an immediate stabilised level of C02 at the current level, the
IPCC advocate a 60 percent reduction in emissions. It is estimated that this would have to
16This value is based on empirical research of domestic fuel bills in three bedroom
semi-detached
dwellings built to 1995 Building Regulation standards.
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be furthered to 80 percent by 2050, failing to zero emissions, to outweigh the effects of
stabilisation of the carbon gradientin seawater and net oceanic absorption.18
Cleady this is an arduous prospect, but has been demonstratedas technically achievable in
this country. In their house in Southwell, Nottingham, Robert and Brenda Vale's house
reduced C02 emissionsby 80 percentof that of a typical three bedroom semi-detached. But
what part could agendas such as the M4I and CBPP play in achieving this? One would be
that the agenda of the M4I and CBPP is expanded to embrace an urgent drive toward more
sustainable housing. These programmesprovide an opportunityto integratea more holistic
series of criteria into existing mechanisms.
In some ways, it is short-sighted of the Governmentnot to implementframeworks in which
to reduce the environmentalimpact of housing which, as demonstrated at the start of this
paper, contributes 30 percent of country's C02 emissions. Such action could provide a
significant contributionto achieving the Kyoto, even if not the IPCC, targets. Whilst issues
of sustainability have been present in a number of government initiatives for improvingthe
housing industry, such as the Millennium Community competitions at Greenwich Allerton
Bywater, these have never been formalised into a framework such the KPIs. However,
some are related to the Government's objectives put forward in A Better Quality of Life,
which is their strategy toward improvingthe sustainabilityof the United Kingdom in general.
Integrating these criteria into programmessuch as M4I and the CBPP would provide one
way in which to achievethe targets proposed.
This would be an opportunity to create a more extensive notion of 'joined-up thinking'. For
example, if one assumes that the 20 percent reduction in capital costs is as measured
against a directly comparable specification, this cost saving could be re-directed, through
quantitative benchmarking, toward improving the environmental sustainability of the
dwelling. This would provide a route through which to finance energy saving strategies such
as increasedthermal performance,increasedair-tightnessof the dwelling's fabric, and more
efficient heating systems.

17The life span of the dwelling is taken as 60 years. This is the value for the minimumdesign life span
of new dwellings under current BritishStandards, and is the baseline benchmarkused by the Building
ResearchEstablishment.
'8 Lowe, Robert. 'Defining and Meetingthe Carbon Constraintsof the 21s'Century', Building Research
& Information,Volume28 Number 3,2000.
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Evidently there should be an increase in the significance of the environmental profile of
dwellings.

Rather than masking sustainable performance criteria under a generalised
heading of lifecycle costs, although they will have consequentcost savings across the life
span of the dwelling, it is proposed that there should be an established series of
benchmarked criteria. Ideallythese would be integral,or as a complementary set, to those

of the M4I and CBPP. These should identify the dwelling's performancein terms of, at least,
energy consumption during inhabitation, embodied energy, C02 emissions during
inhabitation, energy generation, design life-span, thermal performance, potable water
consumption, embodiedC02 emissions, density and recyclability. The outcome of this
process would be a holistic, more comprehensive, series of benchmarked performance
criteria that could be implemented through mechanisms such as M4I and CBPP. This
should be a part of a process to make such criteria a specific part of the headline agendafor
improving the performance,in all sensesof the concept, of our housing industry.
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7.2

Procuring Innovation in Housing

Abstract
This paper will discuss issues and implications on procurement strategies for achieving
innovation in the design and performanceof new housing, and will compare and contrast
recent strategiesto procure innovative housing.
Reference will be made to specific examples, with significant input from the experiences of
the author in the procurement and evolution of the polemical project for the second
Millennium Communitycompetitionat Allerton Bywater. These present different alternatives
in procurement strategies, and the advantages and disadvantages of each will be
discussed.

Key Words
Innovation, MillenniumCommunity Competition,performance,procurement

M
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1.0

Introduction

Housing policy and procurementmethods requireto comprehensivelychange. There Is no
discernible improvementin what is being offered consumers:
because of demonstrable excessive wastage and inefficiencies from land use to
construction methods,
because of energy profligacyespeciallyduriingthe period of inhabitation,
because of the absence of communitylife within housing areas,
because of a lack of adaptability of housesto meet material change,
and becauseof an overarching lack of value for money.
These five areas of concern suggest an absence of short and mid-term ecological,
economic and social sustainability.
In order to address this need for change, accent on costs being the sole arbiter of decision
making needs to give way to value being placed on a wider agenda of items, land needs to
be more efficiently used, and behaviour of policy makers and housing providers needs to
radically adapt. Such changes will be achievedthrough community-led housing practices,a
massive increase in practical research and development, acknowledgement that
improvements will only emerge through design time, a methodological setting and
monitoring of benchmarks,and the creation of new types of policy organisms and provider
companies.
This paper addresses one aspect of this need for change, namely why and how the
procurementof our housing, by both private and public sectors, can and should be changed
in an effort to improve their performancethroughout the procurementprocess, and then into
their inhabitation.

2.0

The Current Product

One might ask, "Why is there a need to procure innovation in housing?" Or in a more
colloquial manner, "If it is not broken, why fix it?" The accompanying paper 'Construction
Task Force, Movement for Innovation and Construction Best Practice Programme:
Relevance and Appropriateness to Innovation in a Wider Context' demonstrates the
inadequacy of the dwellings that are currently produced by our national house builders and
housing associations. They are wasteful and inefficient both in their construction and then
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In their construction they make inefficient use of land, a natural
resource, through low housing densities, and use high levels of embodied energy to extract,
produce and assemble, and make inefficient use of, materials and components. They are
during their inhabitation.

wasteful in construction, with approximately 10 percent of the materials delivered to site
ending up as waste, "' making further inefficient use of materials, and therefore natural
resources,

During inhabitation they consume a large quantity of fossil fuels, in comparison

to what could be achieved, and is achieved by our Scandinavian counterparts, which has
the consequence of high levels of pollution and carbon dioxide emissions.

Yet the poor performance of our current new housing is evident not only in their
environmental performance. Research shows that they are small in terms of their space
standards against almost all of our Europeancounterparts, in terms of square metres per
person.20 This trend has been continual since the demise of the impact of the Parker Morris
standards. Other research shows that this is particularly the case for speculative private
developments, in which the space standards are worse than those in public sector
housing."

Equally, prices per square metre are higher in England than in any of our north

European national neighbours.
In colloquial parlance,"It is broken,we need to fix it."
In Rethinking Construction,the report of the Construction Task Force, published in July
1998, principles are put forward for alternative procurement strategies, as opposed to
competitive tendering, to producebest value and innovation in the construction industry, and
with specific reference to housing.22 The principalcriticisms of competitive tendering by the
Task Force are of its focus towards lowest initial price, and its lack of ability to differentiate
between lowest price and best value; also, they perceive competitive tendering as
conducive to the fragmentation and adversarial nature of the United Kingdom construction
industry.
Evidently, in terms of the shortcomings identified above, there are inadequacies in the
methods by which housing is currently procured. The virtually exclusive focus on
19Skoyles, E. R. and John R. Skoyles. Waste Preventionon Site, London: Mitchell, 1987,
20Kaplanis, Peter. Space Standards: InternationalTendencies Since 1945, unpublisheddissertation,
Liverpool John Moores University, 1999.
21 Smith, Charlie. Procuring the Ufban House in Paradise, on-going PhD thesis, Liverpool John
Moores University.
22The ConstructionTask Force. RethinkingConstruction,London: HMSO, 1998.
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construction cost, which is translated into purchase cost or rental levels, equates to poor
value in its wider sense for the purchaser or tenant. Typically she or he will be offered a
defect-ridden product, cramped in terms of internal space provision, that is built to the
minimum levels of energy efficiency and thermal performance as set down by regulatory
standards. New procurementstrategiesneed to be adoptedthat orientate focus away from
solely cost, and toward best value for the consumer,in all sensesof the term.

3.0

Allerton Bywater

The MillenniumCommunity competitions,run by English Partnerships,are one vehicle that
intendedto foster more integratedteam approachesto innovation in the design, construction
and realisation of high quality housing and mixed function projects. This so-called 'joined-up
thinking' was to demonstrate models that have healed the fragmentation between the
different parties within the construction industry. These were procured through consortium
submissions to design-ledcompetitions. It was a specific demand that consortia submitting
for the Allerton BywaterMillennium Communitycompetition include a national house builder
from the outset; this would appear to have been an attempt to encourage innovation in a
section of the construction industry frequently unwillingto acknowledge,let alone embrace,
it.
Included within the report of the Construction Task Force is the proposed introduction of
performance measurement against clear targets for improvement, in particular in terms of
quality, time and cost. It is benchmarking that provides the route to measuring projects
against these, and other, targets. The Stage Two Development Brief for the Allerton
Bywater competition also used benchmarks in defining performance standards of the
dwellings that were to be proposedby the consortia. These included50 percent reductionin
energy consumption, 50 percent reduction in household waste, 30 percent reduction in
constructioncost, 25 percent reductionin construction time, and zero defects at hand over.23
The key benchmarks that were then proposed by the winning consortium, the Aire
Regeneration Partnership, in addition to those demanded by English Partnershipssuch as
the construction cost benchmark, were built in to the Heads of Terms Agreementto ensure
their delivery.
The avocation of the increaseddevelopment of a team approachto a project, or a series of
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projects, through a process that utilises the full construction team in Rethinking
Construction24has a precedent in the contemporary management philosophy of Total
Quality Management(TOM):
to
through clear working relationshipsbetween
... which seeks control value creation
the various specialistswithin the value system.25
in terms of a link between TQM and procurement, Kast and Rosenzweig's definition of
internal field presents a model that, as a way of improvingcommunicationand transparency,
might epitomisethe relationshipsenvisagedby the ConstructionTask Force.

INTERNAL SUBSYSTEMS
Goals and Values

Technology

Z-

"*"ý-

psycholocial

Structure

GOAL SETTING
Explic t
IýPfic: l

p
CONTROLLING

PLANNING

Measuring
Evaluating
Adjusting

Strategic
Operational
. MANAGERIAL
DECISION MAKING
with regardto

c

ORGANIZATIONAL
PERFORMANCE
DYNAMIC EQUILIBRIUM
Stabilitv/continuity
Adaptation/innovation
IMPLEMENTING
Dtrecting
Leading
Motivating

-',

ASSEMBLING
RESOURCES
Material
Financial
Tochoical
i/
Hýirnan

---ý-<

ORGANIZING
Dividing the work
Coordinating effort
Integrating results

_

Internal Subsystemsas a modelfor communicationwithin a team
from, Kast, F and J. Rosenzweig. Organisation& Management,McGraw-Hill,1985,p. 402.
23 English Partnerships. Millennium Communities Competition Allerton Bywater Stage Two
DevelopmentBrief, 1998.
24The ConstructionTask Force, Op cit., p. 21.
25Johnson, Gerry and Kevan Scholes. Exploring Corporate Strategy,London: Prentice Hall, 1993,
p.
134.
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The Greenwich Millennium Village, the first of the Millennium Community competitions,was
won in February 1998 by a consortiumled by developersCountrysideProperties and Taylor
Woodrow with the Swedish architect Ralph Erskine and British practice HTA Architects
leading the masterplanning. It was also intended as a model for the procurement of
innovative new urban housing design and construction. The consortium approach,fostered
by the Millennium Communitycompetitions,was intendedto create a more integratedteam,
with increasedtransparencybetween its membersthroughoutthe evolutionof the project.
During the project's initial development the Greenwich team displayed the signs of an
integratedapproach,including membersof the contractor'steam based in the off ices of HTA
Architects-26 However, eighteen months after the announcementof the winning consortium
it had ceased to be a model of the integratedteam working in a non-adversarialclimate, as
espoused by Latham and the ConstructionTask Force; the termination of HTA Architects'
appointment by the developmentteam was followed by HTA's decision to take out, "... a
very substantial legal action..." against the consortium."
The disintegration of the consortium at Greenwich was, according to HTA, due to the fatal
compromising of the innovation of the original design which led to a project that bore no
resemblanceto the original. This, they claim, arose as a result of lack of co-ordination
between the consortium's members.28 A report by the Tavistock Institute four months before
said of the project,
Such a lack of understanding and implementation of management process, if
allowed to continue, would be a prime indicator of impending disaster. Something
needs to be done.'Q
This serves to emphasise the importance of not just creating a consortium,but creating the
right structure and communicationwithin that consortium.
The lack of understandingby some members of the team has also caused problems in the
procurementat Allerton Bywater. Having won the competition the design team were under
2' From interview with Richard Hodgkinsonof Taylor Woodrow, at the offices of HTA Architectson 12
October 1998.
27Slavid, Ruth. 'Developer Sacks HTA in Millennium Village Chaos,' The ArchitectsJournal, 1 July
1999.
28Architectsin Housing Website,11 July 1999: www.aih.org.uk
I Slavid, Ruth, 'RIBA: ErskineShould ResignToo,' The Architects Journal,8 July 1999.
M
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constant pressurefrom the house builders to revise the masterplan in a manner that would
be detrimental to some of its fundamental principles, to the extent that the design team
repeatedly felt forced to consider their future in the project. Whilst negative opinion can be
as much assistanceto the evolution of a project as positive, it is considered that the house
builders have provided only one beneficial contributionto the project's evolution,which was
to encourage a further diversity of dwelling types, from twelve to thirty. The reason for this
was based purely on the desire to widen the potential market targets, so as to increase the
potential sales.
An advantage of the development brief based consorlium competition is that they can be
used to procure excellence in design quality, as well as performancestandards. However,
as noted in the Urban Task Force report, Towards An Urban Renaissance, whilst
competitionsare becomingincreasinglyused for high profile projects, there is still some way
to go to transform the culture of the developmentindustry, particularly the volume housing
sector.30 The Task Force also observed the way that in other European countries
competitionsare used as a mechanismto test innovative urbandesign approaches.
There will, of course, be a cost and time implication in the use of competition. The Urban
Task Force emphasise the need to allow sufficient time for the development of an
appropriate and rigorous brief that communicatesexplicitly the aims and objectives, and for
competitors to develop robust solutions; this, they expect, could vary from three to twelve
months. The importanceof composing an appropriate calibre of assessmentpanel, to both
draw a high level of entry from participantsand to guarantee the selection of a high quality
solution, is also emphasised. An approximate value for the cost of the competition process
is proposedas at least up to half a percentof the total build costs.
A potential disadvantage of the consortium approach is that, whilst it may contribute to a
higher quality of design and innovation, it may also lead to a loss of cost control over other
procurementroutes. Because the team is constructed at a very early stage, to ensure that
all parties can participate in the development of the design, the opportunity for cost-based
competition could be lost. This aspect was overcome in the Allerton Bywater project by the
inclusionof a maximum build cost benchmark in the Terms of Agreement.

30 Urban Task Force. Towards an Urban Renaissance Final Report of the Urban Task Force,
London:E&FN Spon, 1999.
31
Ibid., p. 35.
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However, in March 2000, approximately one year after the competition was one, English
Partnershipsfelt forced to wrest control of the Allerton Bywater project back from the house
builders and to assume control of the project. This resulted in a significant reduction in the
role of the house builders in the project. Rather than being responsible for delivering the
whole project, the house builders would only deliver the housing component, with the mixeduse elements, a central part of the project, being procured independently through English
Partnerships. This was a major turn around from the original brief. Aire Design, the
architects of the competition entry, were then employed directly by English Partnershipsto
oversee the deliveryof the masterplanand its original aspirations,and by the house builders
over the delivery, in part, of the housing. Executive architects were employed to assist in
delivering the housing. This strategic change to the project, as at Greenwich, places
everyone involved on the back foot!
The lessons being learnt is that the promoters of such competitions, in this case English
Partnerships, must maintain a strong grip on the whole process, while the involvement of
national house builders will no longer be a necessaryprerequisite.

4.0

Performance Specif Ication

Another point that can be gleaned from the experiences of the Millennium Community
Competitions is that one of the potential procurement routes through which to influence
innovation in construction would be through the use of performance specifications. The
increasing scope of benchmark performance indicators could be expanded, in line with
suggestions made in the paper 'Construction Task Force, Movement for Innovation and
Construction Best Practice Programme: Relevance and Appropriatenessto Innovationin a
Wider Context',and be built into the procurementstrategy. This could be client led, placing
demands on the design and construction partners. Benchmarkingperformancecould also
be part of a regulatory drive, as a consequence of Government initiatives to achieve its
reduction targets for carbon dioxide emissions, placing more stringent demands on energy
consumption by new and refurbished dwellings, therefore placing an onus upon the whole
team.

0
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5.0

Risk

In a senseprocurement,
especiallywheninnovative,is essentiallythe apportioningof risk.
Since the visionaryarchitectLe Corbusierdrew a comparisonbetweenthe automotive
industry and architecture,notablyin Vers une Architecturefirst publishedin 1923, the
similaritiesanddifferencesof thesetwo fieldshavefrequentlybeencited. Perhapsin terms
of procuringinnovationin housing,the comparisonshouldbe madewith motorcar rallyor
racingteams.
For example Formula One, as with other such teams, demands a holistic team contribution
at the highest standardof performanceand innovation. However,risk and responsibility are
shared within the team. Should the gearbox fail, the driver does not sue the mechanics, and
should the driver crash the car on the first lap, the team owner does not take him to court
over negligence or lack of due diligence, although he might not employ him next season.
Perhaps the importantpoint to draw from this somewhat light-hearted analogy, is that each
member of the Formula One team is working as a singular individual toward a shared goal,
and not the maximum profit for their particular section of the team. It is the underlying
attitudes of all parties involved that are crucial.
A sharing of risk throughout the team might also be reflected in the dispersion of profit,
rather than fee-based payment to consultants and contract payments to builders. Why
would an architect undertakesignificantexposure to risk in order to radically cut construction
cost and duration on a traditional percentage-basedfee? To recall Kast and Rosenzweig's
diagram,each memberwithin the internal field would have a stake in the profit of the project
proportionalto the risk that they undertake.

6.0

A Market for Innovation?

A question that does arise is where the most likely market for innovation may lie? If public
sector, speculative housing for purchaseor the private rented sector? Opinion on this issue
has differed.
The Construction Task Force state that it is their belief that the initial opportunities for
improvement in the performance of house building actually exist within the public sector,
which would lead to an interchangeof innovation between the public and private sectors, for
the critical reason of scale. A minority of major clients commission the majority of social
0
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housing. Housing associations are the dominant providers of new social housing; in
1998/99there were projectsfor 30,000 homes, 50% of which is accountedfor by 60 housing
associations"
However in contrast, Richard Best, director of the Joseph Rowntree Foundation who
sponsor significantresearch into house building, perceivesthat innovation in house building
is unlikely to occur within housing associationprojects, due to pressurefrom lendersand the
National House Builders' Council (NHBC). He also believes that innovation is unlikely to
originate from traditional house builders, as they tend to operate within very conservative
markets. Instead Best advocates the private-rentedsector as being the most likely market
in which innovationwill occur as, with no accountabilityfor public subsidy, it has freedom in
which to draw in innovative ideas, techniques and technologies.32 Worthy of note is that,
whilst one favours public and the other private, both advocate the rental sector as the
potential field for innovation, and neither identify the owner-occupied market as the likely
best world for change. This is in contrast to Allerton Bywater, in which the dwellings are
predominantly private sector speculative houses for sale; it was a specific intention of the
design team to innovate to the same degree across both private and public dwellings, as
well as in both housing and commercial sectors.
Roy Marshall, a senior manager of the Japanese construction company Kajima, perceives
that the rental sector and private finance could provide stability during periods of recession.
This relates to the Danish experience of the need to maintain a consistent market of
productionduring innovationin prefabricationand standardisationtechnologies.33
To innovate successfully, it is often necessary to adjust the context of a procurement
strategy. Ezra D. Ehrenkrantz, of the New Jersey Institute of Technology in Newark,
America, in a paper entitled Procurement and Innovation - Some Successful Strategiee
identifiedthat the procurementof innovation was related to both the size of the market and
the time available for innovation. If a procurementstrategy is structured so that a significant
amount of time is available at the early stages of the project, a large amount of researchand
developmentcan take place; however, the market itself will have to be of sufficient scale to
facilitate amortising that research and development. This point reflects the Construction
32 Bazlinton, Chris and Ken Bartlett. Rethinking Housebuilding, York: York Publishing Services
Limited, 1997.
'3 Ibid., p. 56.
34Davidson, Professor Colin H. led). Procurement The Way Forward, IF Research Corporation,
1998,p. 17.
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Task Force'sperceptionthat innovation may best occur in the social sector, due to the small
numberof large clients, with a large market share:
if
have a lot of time
if
... we are working with relatively small markets, and even we
available, to ask for high levels of innovationwill not lead to success, because that
market will not permit amortisingthe investmentrequired for innovation.35
Certainly in the public sector, the Housing Corporation are using the power of its allocation
of funding to encourage innovation. An increasingpercentage of its funding has been set
aside for projects that are a demonstrationof the Egan principles. In addition, they have
recently announced that EBOmillion of funding over the next two years, more than 7.5
percent of its programme, is to be awarded to projects that use prefabrication technology.
This is a move to directly assist the implementation of recommendations in Rethinking
Construction. In terms of the issue as to whether the public or private rented sectors may
be most suitable for developing innovation, the directing of funding from the Housing
Corporation could prove to be the impetus to create a more likely market for innovation in
the social rented sector. In the Murray Grove Housing, London, by Cartwright Pickard for
the Peabody Trust Housing Association, innovative volumetric prefabrication technology
was transferredfrom other buildingtypes to public sector housing.

7.0

Value for Money

Economies of scale as a way of levering in innovation has important, but not crucial
relevance,given the flexibility of construction prefabricationtechnologies.
The issue of scale is, potentially,of particular importance in the context of considerationsof
innovation in terms of partnerships and standardisation. For example, the Japanese house
building industry is frequently cited as a precedent for innovation in partnering,
stanclardisationand open building systems. The Japanese construction industry in general
have already established a model of partnerships between designers, construction
managers and suppliers; this process of partnering, in contrast to the fragmented and
adversarial nature of the British construction industry is strongly advocated by the
ConstructionTask Force.'

When drawing comparisons with the Japanese house building

industry, one should bear in mind that the production of the fifth largest Japanese house
builder is approximatelyequal to that of the entire United Kingdom house building industry.
Ibid., P. 18.
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in Denmark, where the construction industry is arguably the leader in best practice of
prefabrication and standardisation, experience has demonstrated that industrialisation
requiresorganisingthe market and securing continuoussales.37
The Construction Task Force are aware that in the social housing sector, demand by
housing associationsand local authoritiesis affectedby, " ... uncertaintiesand inefficiencies
resulting from periodic changes in policy, direction and unpredictablelevels of investment."38
If, as the Task Force imply, initial opportunitiesfor innovationin the house building industry
exist in the social market, this must be seen in the context of its unpredictable nature, and
the Danish experienceof the need for an organised market and continuity of production.
There is a link here to the Allerton Bywater project, in which the number of dwellings
proposed,approximately 550,' was used as a way of levering in larger space standards in
terms of both area and volume, and also of a way of improving the environmental
performance of the dwelling. This was achieved using the cost savings made through
rationalised, standardised prefabrication techniques across the relatively large number of
dwellings proposed to improve the thermal performanceand air tightness of the dwelling,
and to provide a larger volume and area of dwelling than is typical both of speculativehouse
builders and housingassociations.
The use of standardisation and prefabrication had other advantages than re-channelling
cost savings, including significantreductions in construction duration. It was envisagedthat
the on-site production rate would be 300 percent that of a traditional speculative housing
developer. Also, because standardised prefabrication in a factory controlled, precision
environment can reduce the incidence of waste, and therefore help save on natural
resources, it is to be used to cut construction waste by 50 percent, as benchmarked in the
Headsof Terms.
Of course, in the scale of the production of a national house builder, 550 units is not large,
and this demonstrates the application potential for changing the procurementstrategies of
national house builders if they were willing to adopt prefabrication on a significant scale.
36The Construction Task Force. Op cit., p. 12.
37 Kjeldsen, Marius. Industrialised housing In Denmark 1965-76, Copenhagen: Byggecentrum, 1976,
P. 10.
38The Construction Task Force. Op cit., p. 35.
30 In the rationalisation of the masterplan, primarily due to pressure from developers, the number of
dwellings was reduced from 688 to 550, mostly with the reduction of the number of lofts.
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This may come in time, as Wimpey Homes, who completed 12,870 units in 1998, are
currently experimentingwith the prefabricationof one of their standard house types.
However, in order to procure the identified changes that are necessary to the products of
our housing providers, the benefits of such moves would still have to be passed on to the
consumer in terms of a more spacious and more efficient dwelling, rather than an increase
in profit margins.

8.0

Conclusions

The experience of both authors during the Allerton Bywater Millennium Community
competition is that to innovate successfullythere needs to be adequate time built into the
procurement strategy, and that there needs to be adequate time allowed for the
development of that innovation if it is to be successful. This latter point is of particular
relevance now that the drivers for innovation are coming from directions other than being
client led, as was the case at Allerton Bywater,where the house builder should have been
funding the innovations required by the brief, set by English Partnerships.
It is clear that innovation requires an increased design period. Therefore the procurement
strategy must be one that facilitates this. Also, members of the design and construction
team working together from the earliest possible stages can best achieve innovation: an
example of this is the need to improve the air-tightness of the dwelling, which can have
significant benefits in reducing the energy consumed in the dwelling during inhabitation.
The achievement of a reduction in infiltration requires both a high standard of detailing by
the designer and a high standard of construction quality to execute that detailing,that would
have to come from an understanding of the principles and need for air-tightness. By
working with a contractor at an early stage, the importance of quality in achieving such a
benchmark can be communicated, but more importantly,the contractor can either assist in
providing input into the constructiontechniques that may best achievethe target, or become
aware that they may not be able to work within such demands, and fall out to be replaced at
an early stage.
If projects require front-loading of the programme in order to allow innovation to develop,
there will have to be a degree of desire, or at least acceptance,on the part of the client to
allow this to be built into the procurementstrategy. The ConstructionTask Force members
were of the opinion that the direction and impetus for change and innovation in the United
=
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Kingdom constructionindustry must be directed from major clients, and ask that industryjoin
with major clients in order to achieve their radical proposals to change the way in which
buildings are realised. Within the stolid environment of the speculative house building
market, which represents the majority of new housing starts in this country, there is a
reluctanceto take up issues of innovation, particularlywith respect to those that improve the
environmentalperformanceof the dwelling,which could, on the wider scale, be perceivedas
the most pressing. To place the impetus on the client in this sense would require either a
major demand from the purchasers, or innovation within legislation such as the Building
Regulations.
There is potential within development of a strategy for a holistic benchmarking of the
required performanceof both new build and refurbished housing to generate innovation in
both the regulatory-ledand client-led scenarios.
There will be benefit in creating a mechanism that retains an 'interest' of the members of the
design and construction team in the post-completion performance of the dwelling.

This is

when it will be determined whether or not a significant proportion of the benchmarks, such
as air-tightness and energy consumption during inhabitation, have been achieved. Ideally
this will in a manner that does not engender an adversarial climate between those parties,
and does not, therefore, add significant cost increases due to a perceived increase in risk
liability.

In theory, if members of the team are brought together earlier, they have an

increased opportunity to achieve the specified demands, and therefore reduce risk. Ideally
the opposite would be the case, where all members in the procurement process would share
in the profit of the project, and therefore create an incentive to innovate successfully.

The turbulent evolution of the Greenwich Millennium Village and the consistent pressures
from the house builders felt by the design team at Allerton Bywater both demonstrate the
need for further clarity in communication and transparency between the parties involved,
even in a consortium based environment. In particular a relinquishing of profit centred
thinking on the part of the housing providers is neededto embrace a wider concept of value.
From that can follow a re-channelling of cost savings from innovation in construction
technology to increase value for the consumer, and also raising the awareness of lifecycle
impact, such as using cost savings to increase energy efficiency and reduce consumption,
and therefore have a global benefit.
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To fix what is broken, requires a strategic triangle of relationships: the advocacy and
implementation of forward planning; risk released housing providers and financiers; and
alert and demanding consumers. Only then will housing in Britain move beyond the
wasteful mediocritythat it representstoday.
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