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Abstract

Purpose: To explore the evolution of Facility Management (FM) in the Building Information Modelling
(BIM) process. The research aimed to establish Critical Success Factors (CSF) which help deliver

successful BIM projects, and to presenttheseinadM-BI M Mobi | i sati on Fr amewo

Background: Inefficiencies, poor collaboration and a focus on short-term costs in the construction
industry, combined with a lack of innovation and digital competency when ordering projects, have

resulted in a failure to deliver assets which have sustainable outcomes over their whole-life.

Methodology: A mixed methods concurrent convergent design, incorporating side-by-side narrative
text analysis was adopted to merge qualitative/quantitative findings. Critical Success Themes (CST)
from literature were then used to establish CSF through; 19 interviews with FM/BIM experts, and a
guestionnaire to gauge FM industry awareness of BIM (using UK and international inputs). The final
merged CSF were incorporated into a framework. This was validated using a two-stage process with

a focus group using some of the same FM/BIM experts.

Key findings: 10 CSF Main-Themes (MT), with a 100 Sub-Themes (ST) were identified covering
important digital skills, knowledge and competences people require to contribute to the BIM process.
Clients and Facility Mangers (FMs) must engage early if the full benefits of BIM are to be realised in
the operational phase. They must clearly define their information requirements to align with business
processes, and collaborate with the delivery team to ensure information is captured/transferred into
the relevant management systems.

Originality/value: The comprehensive end-to-end framework combines FM and BIM CSF into one
online interactive tool which provides a wealth of useful knowledge, sources, benefits and practical
examples. Although based on the UK BIM Framework, the alignmentwith6 | S O 1eBs6r&s0t ill
also benefit an international audience.

Keywords: Facility Management (FM), Building Information Modelling (BIM), ¢&-M-BIM Mobilisation

F r a me wdigitakisation, information requirements.
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Chapter 1: Overview of thesis

1.1 Introduction

This thesis presents a significant contribution to knowledge in the area of Facilities Management
(FM) and Building Information Modelling (BIM). The research explores the evolution of the role of
Facility Managers (FMs) in BIM projects and how all involved stakeholders can benefit from BIM both
strategically and operationally. It also explores how BIM can improve the design, sustainability and

efficiency of Built Assets (BA) for people, organisations and wider society.

This chapter presents an introduction to the subject area and background to the research topic. The
research problem, questions and objectives are outlined and the significance of the contribution of
new knowledge explained. To help guide readers a one-page overview and a summary of each

chapter are included.

1.2 Background

firhe worldisunderg oi ng a t ec hn ol stapd Zaki (2019, p. 43d)l RanidttipGiaminetto

and Della Tora (2019, p.v)addediidi gi t al i zat i on i s trgnceimall thepsectots bfe o u
i fe, al | around the wor | dhias beénhexponental withtestimages p a c €
predicting the global Internet of Things (IoT) market to reach $1,567B by 2025 (Statista, 2020), with

75.44 billion connected to online devices (Statista, 2016). New digital trends and technologies are

driving innovation and changing the way industries around the world operate their business.
However, fidi gi t aluctisnaworidasnin its in n ft & (Myryatp 2048, p. 14). This is
reflected in the 6McKi ns.®whicdshgwis tonsiruation ranked lastfcom x 6 (

a range of industries in Europe (Remes et al., 2018).

4
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3 Advanced
b gs  Chemicals and manufacturing
ASIe.goods pharmaceuticals

3 manufacturing [ Finance
Transportation = and insurance
and warehousing ¢

.. Wholesale and
1 Real estate . © ~Government retail trade
Agriculture ¢
and hunting o Personal and
0 local services Professional
Accommodation ‘ ' ;
and food services _ Health care services Media-®

' Education

-1 | Construction Mining

Arts, entertainment, Oil and gas
and recreation ., Utilities
0 5 10 15 20 25 30 35 40 45 90 95

Figure 1.1: McKinsey digitisation index i Europe: 2018 (Remes et al., 2018)
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If construction is to improve on this position, digitalisation must be taken seriously; the report notes
a positive correlation between the productivity growth of an industry and its degree of digitalisation
(ibid). The positive side is that potential savings could be enormous as the worldwide global
construction market accounts for 13% of th e  w o Grbsd Danestic Product (GDP) according to
Barbosa et al. (2017). It is estimated to reach $17.5 trillion by 2030 (Betts et al., 2015). The Boston
Consulting Group (BCG) predict that within 10 years, full-scale digitalisation in non-residential
construction could lead to annual cost savings of $0.7-1.2 trillion (13-21%) in the engineering and
construction phase, and $0.3-0.5 trillion (10-17%) in the operations phase of BA (Gerbet et al., 2016).

BIMisone digitalisation trend that i has (WntedhBIMet el
2019). Berger (2017) predicts BIM will have the strongestimpacton st akehol der 6s bus

as is shown in Figure 1.2.

®BIM :
@ 3D printing
= :
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~ construction  : Analytics/big data
i 3 @ in operation and :
@ Additive production ® Robotics in production
* manufacturing :
o 3 iooeeeo e E-COMMIErEE woeesesessennesnsd
8 4th-party logistics * i A Multichannel retail
= RFID tra;cking pre-  Product llfecycle management
" ) : fabricati A Analytics/big data in marketing
o Human-machine _ : anficanion i "y
= £ collaboration ® ! M-com- (i,- Analytics/big Digital warehouse
o =2 i merce datain logistics management system
© - : :
2 2 Augmented reality :  Smart machine _ Logistics management
- P"O_?UCW“ R i execution system ~ software
o - i ; i i CRM systems
- maintenance | Mobite —@ * IT : A ;
‘<) Cloud-based i logistics Automated m Buyer-side/seller-side
a logistics solutions i systems digital 3 ‘ e-procurement
= 1 e marketing -, Analytics/big data in procurement *
Location-based Customer :
marketing service * Analytics in customer service
Field service o sufomaton A Social media
management Digital .
Mobile
A content : X s
g . marketing E-supplier relation-
S je marketing : 2
Cloud-based logistics i ship management
platforms A Digital storytelling
Augmented reality : i E-mar:'ketplaces
in marketing :
Emerging Advanced Fully developed
DEGREE OF MATURITY OF IMPLEMENTATION
B Procurement Logistics @ Production/construction ’ Aftersales/End-customer marketing A Marketing and sales

Figure 1.2: Trend radar for the construction industry (Berger, 2017)

BI'M has become the norm for the procurement of
backbone of the n(&ymanw2098, m7). ThedK ik well gaded to take advantage

of BIM as it has achieved one of the highest BIM maturity levels according to Kassem and Succar

(2017). The benefits of BIM are not just in the Capital Expenditures (CAPEX) phase, instead they
arefiexpected to trigger signi f i essnquality, defays,osecaritye n t [
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i mage) along the full construction value <chain
(Wyman, 2018, p. 7). In terms of financial benefits, estimates from PricewaterhouseCoopers (PwC)
®enefits Measurement Methodology (BMM)6 r eport suggest:

across the design, build and commission, and handover phases, our quantified estimates

were 0.7% and 1.4% of capital expenditure respectively. If this level of saving could be

achieved across the National I nfrastrfundedur e

infrastructure spend of £31.7bn in 2018/19, this would imply savings to UK taxpayers of

£226m-£429m (in 2017 prices) (PwC, 2018, p. 7).
There is wide acceptance that the largest potential benefits of BIM are to be realised not during the
planning and construction phase but in the Operating Expenses (OPEX) phase. The International
Standards Organisation (ISO) s t a n d1&68&5 Bdildings and constructed assets - Service life
planning. Life-cycle costingd  n dhiateiplto 80% of the operational cost of an asset are influenced
in the first 20% of the design process (ISO, 2017). FMs need to be involved at these early stages to
influence the design and ensure the long-term costs are kept at the forefront when thinking about
design decisions. Thisdrivesihei ght ened expectations for increa:
clients i n t pAshwdthdval 2016,p.d)s Theparadigm shift in thinking over a whole-
of-life approach is crucial if cost-performance and added value are to be delivered over the long term
according to Sanchez, Hampson and Vaux (2016). Eadie et al. (2013) added, there is an extra
incentive for clients and FMs as they are considered respectively as those standing to benefit most
financially from BIM. This is reflected in survey findings by Ashworth and Tucker (2017), indicating

that 74% of responldlenhavdedi eiveniifBil Mamwti | mpact o

However, Ayaz, Ruikar and Emmitt (2012) suggested, in order to achieve the desired benefits,
significant changes must be made to current business processes with clients and FMs taking on new
competencies and rol es. Unt il recently 6ésil o men
Construction (AEC) industries has me a n t AiFM heas a lbvwe griority gni the property
development industry, resulting in facilities managers being inadequately integrated into the
devel op me n statgd TuzkeresdMasuri (2018, p. 377). Overcoming these barriers will allow
early FM engagement in BIM projects, ensuring th
with key decisions, which will have lasting usability, cost efficiency and sustainability impacts over

the whole of a building& | (Aghwortth, 2013, p. 1).

FMs are key stakeholders with ultimate responsibility for managing, optimising and replacing assets,
as well as ensuring their safe operation after handover for the rest of their operational life. This
requresthem fAto ensure functionality, comfort, saf e
integrating peopl e, pl a(cMA, 20p0). m ordests pedonrotheit rele; theyo | o g
need all the availablei nf or mati on about the asset. This highl
handoverdis often poorly handled, or worse even lost. Time wasted searching for, and finding
information can be significant. The National Institute of Standards and Technology (NIST) report
(Gallaher et al., 2004) estimated potential annual losses in the US facilities industry of $67m. This is
comprised of wasted time recapturing and transferring information provided by architects, engineers

and contractors; and $613m regarding the automated transfer of information into available Computer
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Aided Facility Management (CAFM) tools. To avoid waste and allow optimisation of BA in operation,
clients and FMs must clearly define and specify essential information for day-to-day operations. The
supply chain requires clarity; without it you could use the analogy of ordering a car with the
expectation of a Rolls Royce, then being disappointed when the result is a Mini. At least with the car
you can return it, that is not possible with a building. This requires competence from clients and FMs
when6or deri ngd Bl M pr o] Ealarhosand Beiariorhi 2018, p.slibrobsersek thd | s

il ack of k nowl ed g eoriertdnl andtorganibagonap ahamgee makes it difficult to

establish a work environment within and bet ween

The initial literature review focused on the evolving role of FMs in BIM projects and establishing
Critical Success Themes (CST) which are key to successful outcomes. The CST key areas broadly
aligned with the International Facilities Management Association (IFMA) definition of FM shown in
Figure 1.3. An additional focus was the UK Go v e r n m@aficiy6dvish respect to BIM which has
played a major role in shaping the UK BIM landscape.

N

S
®

Figure 1.3: FM concept from IFMA (Bakri et al., 2018)

%
S

The CST were used in interviews and a questionnaire to establish the Critical Success Factors (CSF)
which, if adopted, will help the FM industry better engage with BIM. The research culminated in the
devel op me nEM-BiMf Mohilisgation Framework: Critical Success Factors to Help Deliver
Successful Bhierbinafier reférredad as the ¢-M-BIM Mobilisation Frameworkd. It can be
used by practicing FMs and other stakeholders involved in BIM projects to ensure successful project
outcomes.

1.3 Research problems

Several issues have traditionally inhibited the engagement of FM in the design and construction of
BA:

i) Cost-focus: typically the CAPEX of a BA is only 15% of the total life-cost (Teicholz, 2004).
Grzyl, Miszewska-U r b &a®&sd Apollo (2017) suggested the OPEX cost can be up to 75%.
However, procurement is normally based on the short-term CAPEX. This drives solutions
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i)

ii)

that initially seem cheaper by cutting as many costs as possible in design. Unfortunately, this
does not usually provide value for money over the long term (Saxon, 2005). The report
d&rocuring for Valued (CIC, 2018, p. 4) supports this, r ecommendi ng -viiden

definition of val ue that takes into account

Lack of innovation: the AEC industry has been plagued by problems including; waste,
inefficiency, lack of collaborative working and innovation etc. noted Xue et al. (2014).
Designing Buildings Wiki (2019a) stated that de s p i t e cons@ruttion iddustry reportso |,
resulting attempts to address the issues hav e f ai Fututk-ReadyHnelexddKPMG,

r

2019, p. 3) reinforces this, reportingt h at imost people acknowl ed ¢

impact of technology and innovation, but few were adopting it significantly, with even fewer
reaping the benefitso. Significant change
are prepared for the inevitable digital transformation. There are signs of this already
happening with significant numbers of construction companies in the early stages of digital

transformation (Jones, 2019).

Resistance to change and collaboration: until recently FMs were often excluded from
projects until the point of handover (Durant, 2018). This approach denies D&C teams the
benefit of operational know-how to help them ensure designs meet the needs of users, and
avoid BA which are expensive to operate, suggested Liu and lIssa (2015). Good
collaboration, communication and sharing of information are essential if the project team

want to reduce rework and improve efficiency and productivity whilst adding value (Johnson,

2019). However, coll aborati eworiks nogf ti@easbhaidQi3d}.tyedd

Defining information needs: the exclusion of early client and FMs in the BIM process often

results in a lack of clear operational information requirements (Kelly et al., 2013). This results

in what Ashworth, Tucker and Druhmann (2018) calla 6 gar bage i n = garba

Clients must clearly define their information requirements at the start of each project in key
BIM documents (i.e. the Organisational Information Requirements (OIR), Asset Information
Requirements (AIR) and Exchange Information Requirements (EIR)), otherwise the supply
chain will deliver what they assume is required. Where these are absent the result is often
unnecessary, unstructured, and poor quality information at handover. This hampers the
efficient transfer into FM management systems like CAFM and can be more costly to fix.

Unsurprisingly clients are often disappointed with the end (Ashworth, 2018b).

Digital experience/knowledge: The AEC industry has been forced to getting to grips with

BIM following the Government6s mandate in

and

(

20

di sciplines fAthere is stildl a | arge knowl edg

future of the constructi o n i n (@laxandar, 2@17). Kouch, lllikainen, and Perala (2018,
p.888),statedi most of the acti ve SME BMpnortarethey familiars

ar e

with the BIM implementat i on fr amewor k and its key factor
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of FMs has created a natural 6édigital knowl ed

Few FMs have practical BIM experience often leading to uncertainty about when they need
to engage in the process. This will have serious results if FMs do not know how to define,
access, use and extract information from the BIM process. Many of the potential advantages
could be Iost and 6dat a c e imferinaionisposalcessedeised.

FMs need finew t ec hestlfaceghe challendge op aolleatireg,scategorizing,
visualizing and updating the information for operationo(lbrahim et al., 2016, p. 1).

Vi) Competency in BIM procurement: many organisations have no BIM strategy in place, or

adequate in-house staff skills, to order a BIM project competently. Kumar and Hayne (2016,

p.1) suggested thi s i s in spite of wi despread acki
management and exchange processes, standards and protocols underpinned and enabled

by modern BIM technologies could indeed achi e
However, Ato enable individuals within these
important to identify the BIM competencies that need to be learned, applied on the job, and
measured for the pur poses statedSuaar fSleramaWwillams | mp r

(2013, p. 174). Adequate training and experience are therefore critical to the success of BIM

projects.

1.4 Research questions

A review of literature, industry standards, guidance and best practice was used to identify gaps in

existing knowledge linked to the identified problems. This led to the primary research question:

i)  What are the CSF in terms of relevant knowledge, skills and competences, which will empower

FMs to fully engage with the BIM process and ensure that BA can be optimised in operation?
Secondary questions were established to help answer the primary research question:

i) What CST can be identified from literature which help improve the successful engagement of
FMs in the BIM process?

iii) Which quantitative and qualitative CSF are important for the successful delivery of BIM projects

and can be identified res pecti vely from best practice (the

( F/BIM expertsd ) ?

iv) What are the current | evels of awareness of

v) What are main benefits of BIM to FM and how can these be made more transparent?

vi) What possible barriers might prevent early FM involvement in the BIM process and how can they
be overcome?

vii) How could the qualitative and quantitative CSF be brought together in a framework to help
organisations and individuals deliver successful BIM projects which realise the benefit of BIM

and improve the transfer and use of information for the operational phase of BA?

Page 28 of 523

Bl |



The evolution of FM in the BIM process:
An opportunity to use CSF for optimising built assets

1.5 Research aim

The overall aim of the research was to create a6 F-BIl M Mo bi | i s at itoohelp peapla me wo

better engage with the BIM process and optimise built assets in operation.

1.6 Research objectives

Research aims and objectives were devised to help answer the research questions. Namely to:

a) Review the state of the art, and identify the CST with respect to the role of FMs in the BIM
process in broad grouped themes relatedto: 6 pol i cy 6, Oéprocessesbd, Ot e
and 0 p &he pevievdwill focus on the UK market but include other international sources
where relevant.

b) Establish quantitative CSF b as e d gemeraldM ihdustryd awar eness of Bl M
benefits and barriers to FM involvement in the BIM process. This will include inputs from the UK
and other countries.

c) Establish qualitative CSF from &M/BIM experts6 t o understand their Y
impacting on FM and what would help FMs best engage in the BIM process. Input will be mainly
based on the UK but may include international experts.

d) Merge the CSF (from b and c) to establish a final summary list of CSF.

e) ldentify a suitable framework format forthe &M-B1 M Mo bi | i s at i amlindonpaatee wo r |
the final list of CSF (from d) into a draft framework. The guidance and links will provide both UK
specific and more generic advice for international users. .

f) Validatethe &M-BI M Mo bi | i sat i withM/BI& expestsdir. k 6

1.7 Significant contribution to the body of knowledge

This thesis represents a significant contribution to the current body of FM and BIM knowledge. Firstly,
by developing a detailed understanding of the critical issues and barriers which have prevented early
FM involvement in the BIM process. Secondly, the development of a theoretica IFM-8IM Mobilisation
Fr a me wuwhick @rovides a practical tool with advice and guidance to help people deliver
successful BIM projects. Ten CSF were established during the research which if followed, will
produce better project outcomes for all stakeholders involved and add value to BA over their whole-

life.

Evidence of originality is provided as the research goes beyond current established benefits and
barriers of using BIM. Empirical evidence is presented illustrating how FMs knowledge can be used
to benefit the whole BIM process; from early planning through the Design and Construction (D&C)
and then in operation. This was achieved, firstly, by identifying CST from the literature, industry BIM
standards and best practice guidance, essential to successful engagement and positive outcomes in
BIM projects. Secondly, by establishing qualitative and quantitative CSF critical to the successful
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engagement of FM in the BIM process. The CSF were investigated from three perspectives: (a) the

wi der o6germarsdlr y®OM aiwar eness of BI M using a quest.i
experts; and (c)bydevel opFM-Bl MhMo i | i s at iwliah is BEniqaertoetive dieldlko®d

study.

During the PhD several papers and contributions towards industry best practice guides were written.
A few examples are shown below and a full list is provided in Appendix A.

1 Ashworth et al. (2020) &IM Data for FM Systems: The facilities management (FM) guide to
transferring data from BIM into CAFM and other FM management s y s t g Inssitdte of
Workplace and Facility Management, UK

1 Ashworth, S., Druhmann, C. and Streeter, T. (2019) dhe benefits of building information
modelling (BIM) to facility management (FM) over built assets whole lifecycleg 18" EuroFM
Research Symposium, Dublin, Ireland.

1 Ashworth, S., Tucker, M., and Druhmann, C. (2018) ritical success factors for facility
management employer &éds i nf or madtFacdities, Vok §7/No L/Zppe nt s
103-118.
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1.8 Research overview

Figure 1.4 illustrates the convergent design based on Creswell and Clark (2018).

-
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which are important 1o the successiul delivery of BIM projects: This ncludes how FMs can successhully engage with and benelit from the
BIM procass 1o oplimise bulll assets in cperation. MT and ST 10 ba broadly categorised and groupad into
four comenon areas usad in many FM models. ‘policy’, ‘processes’, Technology and digitalisaton” and ‘people’

¥

e

Ressarch problem(s)
Cost focus: assats are usually procured based on the cheapest CAPEX cost and not the mora sgnificant long-tem whole life OPEX costs.
Lack of innovation: many long-1erm problems & g waste, meficiency and lack of colaborative working contnig to plague the AEC mdustry
Resistance to change: raditional bamers 10 early FM involvement often resull in assets, which are not fit for purpose and expensive 10 run
Defining information needs. O, Al and EIR requirements are often poarty definad resulting in poor guasty informaton at handover:
Digital experience/skille the speed of change in Ggilal trends (.9 the use of BIM) may create a divide between AEC and FM Indusiries.
Competency In BIM procurement: Organisations nead BIM strategies and tresning support for stalf 1o ensurs BIN projects can be propedy ordered.

=

Research gap
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)
)
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Primary ressarch question: What ara the CSF In tarms of relevant knowdedges, skits ang compaetancas, which will ampowse FMs o fully engags
wilh the BIM process and ensure that bult assets can be optimised In operation?
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What CST can ba donfifiod from itersture which help improve the successul ongagomant of FMs m the BIM process?
Which quantitative and qualitative CSF are important for the succassful dalivery of BIM projacts and can be identified respectively from bast practice
(‘ganers FM ndustry’) ard exports (FM and BIM axperts)?
What are the current levels of awareness of BIM n ihe ‘gencral FM industry?
What aro main benefits of BIM to FM and how can thase be made more ansparent?
What possibée barriers might prevent aary FM mvolvement In the BIM process and how can Mey bis overcome?
How could the qualitative and quantsative CSF ba brought togethar in & framework 1o halp organisations and Individuals deliver succassiul BIM
projects which resisa the banefit of BIM and Improve Ihe transter and use of information for the operational phase of bulll assels?

¥
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To create a 'FM-8IM Mobllisation Framework' 10 help poople belter engage wih the BIM process and oplimiss bull assats m oporstion ]
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Research objectives
To reviaw he state of the art and identity the CST with respect to the role of FMs in the BIM process in broad grouped themss ralated to. podcy’,
‘processes’, lechnoiogy and dgitaisation”’ and ‘peopia’. The review will Tocus on the UK market bul include othar indermabonal sowrces where
redgvant
To estabish quantitative CSF based on a ‘goneral FM indusiry’ awsraness of BIM considering benalits and barriors ta FM imvolvemant in the BiM
process (Usng an ondne questionnais). This will includs nputs from the UK and othar countriss
To estabhish qualitative CSF from ‘FM and BIM experts’ to understand thes vwew of how BIM & impacting on FM and what wouk! help Fils best
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4
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Using a two-stap process:
1) Foous group workshop with seleclod FM and BIM mdustry expernts (o valdalo the drstt framework,
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Figure 1.4: Convergent research design based on Creswell and Clark (2018)
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1.9 Overview of chapters

The content is structured as follows:
Introduction:

Chapter-1: Overview of the thesis: highlights the background to the research, the research
problems and questions, subsequent aims and objectives, and the contribution to the existing body
of knowledge.

Literature review:

Chapters 2 to 8 address six key topics:

Chapter-2: Achieving best value of BA over built assets whole-life: reflects on the importance
of BA to people, organisations, the economy, wider society and sustainability. The Gover nmen
policy of using BIM to drive change and address decades of problems with waste and inefficiency in
the AEC industries was investigated. The literature highlights that long-term best value for money is
only achieved when BA are considered over their whole-life, and the importance of transferring

quality information to the operations teams to enable optimisation of the BA over the long-term.

Chapter-3: The evolving discipline of facility management: discusses the birth and subsequent
development of the discipline as well as the critical role FMs play in helping to deliver and maintain
BA. It explains the strategic role of FM in enabling businesses and organisations to focus on their
core activity. It also explains the wider importance and added value of FM to society, the economy

and other key issues including productivity and sustainability.

Chapter-4: The impact of digitalisation: highlights the impact of digitalisation trends on humanity
and how knowledge is now available through the internet and IoT. It discusses how these trends
including the rise of smart buildings/cities are changing the AEC and FM industries. It reflects on how
the Government has adapted its construction strategy to make the most of digitalisation, and explores
how organisations need to have a strategy in place if they are to keep pace with changes brought

about by digitalisation.

Chapter-5: The evolution and advantages of building information modelling: demystifies
i mportant aspects of 0O whltaéscriBes hw BIS has completely thanged i t i
the way BA are procured, designed, built and delivered. The importance of information requirements
and BIM strategy are discussed and concept models introduced to help explain the BIM process.
The incredible pace of change is highlighted with respect to changing BIM standards/guidance (now
manged through the UK BIM Framework) over the last few years. Other important aspects of BIM
are discussed including openBIM, IFC, COBie and use of BIM for existing buildings, and future

government thinking regarding BIM and digitalisation.
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Chapter-6: The role of facility management in the process: discusses the critical need for early
client/FM engagement and how FMs can improve the BIM process. It highlights the benefits of BIM
to FM and the importance of well-structured data for FM management systems. It considers the
various barriers and challenges to the adoption and use of BIM, and how these can be overcome to
deliver better project outcomes for all stakeholders. It also emphasises the need for upskilling of

people as a CSF across the industry.

Chapter-7: Critical success factors and frameworks: discusses the use of CSF and frameworks
and how these form the basis forthe 6 F-BIl M Mo bi | i s at iToefocs haansetwlelp k 6

readers understand how the conceptual framework was developed.

Chapter-8: Summary of the literature review: summarises the CST in terms of MT/ST identified in
the literature chapters. It also reflects on the pace of change with respect to BIM literature,

standards/guidance, and the updating of the literature chapters in the final write up.

Research design, methodological approach and findings

These are detailed in Chapters 9 to 13, specifically:

Chapter-9: Research design and methodology: provides an overview of the research design and

methodology used.

Chapter-10: Qualitative methodology and approach: describes the qualitative approach using

semi-structured i RFVBEWexpersvsf rwom hpréact i ce.

Chapter-11: Qualitative analysis and findings: describes the qualitative analysis and presents the

qualitative CSF findings.

Chapter-12: Quantitative methodology and approach: discusses the use of the online

qguest i obnvh aAwaer ebn e £ 0 dfe nBIhMpdnerdd industrnyd @ war eness of

Chapter-13: Quantitative analysis and findings: describes the quantitative analysis and presents
the quantitative CSF findings as narrative text. It also includes several hypotheses regarding

relationships between variables.

CSF merging process to create the framework

Chapters 14 and 15 address:

Chapter-14: Merging the qualitative and quantitative themes: describes how the CSF (qualitative

and quantitative) were mergedu si ng thysi debdearrative text analy:

Chapter-15: Validation process: describes how the &M-BI M Mo bi | i sat i was

validated usinga g r o u [-M/BIM expertsd
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Discussion and conclusions:

Chapter-16: Presentation of th e f iFM-BIM Mdbilisation Fr a me w.opresedts the final

version of the validated #M-BI M Mo bi | i sati on Fr amewor k©o

Chapter-17: Conclusion: presents a reflection regarding the success of achieving the research
objectives, questions and the final production of the #M-B1 M Mo bi | i s at iLonitatioRsy a me v
and recommendations for further research are presented as well as an overview of the final

framework.

References and appendices:

These are listed at the back of the work.
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Chapter 2: Achieving best value over built assets whole-life

The purpose of this chapter was to address research objective (a) to assess the state of the art and
identify CST important to delivering successful outcomes when using the BIM process. Specifically
it highlighted the need to think about how BIM will contribute towards sustainability and best add

value when considered over the whole-life perspective.

2.1 How built assets support society, sustainability and our economies

Thearchitect Stewar't Brand observed fAbuildings a
contain our | i v e(Brand, 125, p.R)l He saiv then as fandamentahiathe structure
of society, addi ng fAoffice buildings are now the | arge:

Whether it is cities or smaller urban developments, BA surround us shaping the world we live in.

They represent a significant proportion of all global wealth and employ over half our workforce (RICS

and IFMA, 2018). When considering the complexity of what actually constitutes BA, the BSI
suggestedibui | di ng, multiple buildings (e.g. a site
railways, pipelines, dams, docks, etc.) that is the subject of a construction project or where the asset

i nformation is heB3201:p.8. digital formato

BA are critical to modern society, providing the places in which we live and work. Tucker and Masuri

(2016) suggested that they need to be high-qualitytos ust ain peopl ebs ,aedal t h
support organisations worldwide in achieving their daily business objectives. To make us feel
comfortabl e it i s essenti al t h e yanidatiore bnd fBekihilitpa n 6
(Chodasova, 2004). This requires cr e fiplabotpm-lai fednei b atl amm«
per f or ndavitzcaedd\eber (2006) advised the needs of users, society and the environment all

need to be taken into account whilst producing cost-efficient designs from an operational perspective.
However, Lindholm and Levainen (2006) observed that many organisations in practice often do not

realise the true value of their real estate.

The i mportance of BA to Osustainable devel opment
@030 Agenda for Sustainable Developmentd(UN, 2015) which outlines 17 Sustainable Development
Goals (SDGs) as shown in Figure 2.1.
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From the 17 global SDGs with 169 sub-targets Adshead et al. (2019) noted almost three-quarters

Figure 2.1: UN 2030 SDGs (UN, 2015).

are related to infrastructure. SDG 11 specifically addresses BA in
communitiesé. I t s ac SBustaimblenGitiesn \¢Why iThey Matteréa phii gch 16 g ht
fisince 2007, more than half the worl ddéds popul ati

to 60 per c(M2015B,p.12 03 @0 al so reports fAcit ieeasr tohcéecsu
land, but accountfor60-8 0 % of ener gy consumption dibid. 75% of ¢

Science indicates world population growth is putting an increasing strain on our limited natural
resources. These pressures will increase as numbers are predicted to rise to 9.7 billion by 2050 (UN,

2019). In 2020 estimates for the UK population were 65.7 million with urban population at 83.9%

(CIA, 2020). Such high levels are driving mankind's increased need for energy, which according to

the UN is now the dominant contributor to climate change (UN, 2015). It is now perceived as the

most urgent issue and without change: Athe compol
increasing ocean acidification, coastal erosion, extreme weather conditions, the frequency and

severity of natural disasters, continuing land degradation, loss of vital species and the collapse of

e cosYy s (UN,”GlL%s, p. 3).

Many of the challenges can be directly attributed to the built environment. The International Energy
Agency (IEA) suggested it accounts for; 55% of global electricity demand, 60-80% of total energy
consumption and 75% of world CO2 emissions (IEA, 2018). It is also responsible for about 60% of
urban waste, mainly from building operations (ibid). In the UK alone 221 million tonnes of waste were
produced in 2016, of which construction, demolition and excavation waste was responsible for 62%
(DEFRA, 2020). One can argue the industry has a moral obligation to change the way it works to

help mankind address these challenges.
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The UN SDGs call for all stakeholders including Architecture, Engineering, Construction and Owners
(AECO) to consider their role and what contribution they can make to address the challenges of

reducing waste, pollution and energy use, improving living conditions and quality of life, etc. This is

especially important to societies across the wor
residents live inslum-l i ke coaddt i@dnsat of 10 (LN EHIhGurBoIl | ut
provide a critical role in supporting society: f

property and services is to support and sustain business and public endeavours of all kinds and
across al(Nutt,2084).t or s o

From a financial perspective the AECO industries underpin world economies. Brand (1995) observed

that, after agriculture, the building industry is the second largest in the world; 60% of global GDP

being provided by the economic growth of cities and metropolitan ar
economic i mpact i s hReqvehtingednstraction:iamoutd tthigher ppodustivityd 6
(Barbosa et al., 2017). It reports that $10 trillion is spent on construction-related goods and services
every year, in turn employing 7% of the worl dos
world's GDP. The construction industry is predicted to expand to meet the growing demands of
increased population. Predictions indicate a Compound Annual Growth Rate (CAGR) of 5.7%
reaching $12.031 trillion worldwide by 2024 (ConsTrack360, 2020). In the EU a GDP value is
estimated at 9% for construction and is a key driver for economic growth employing 18 million people

(EU BIM Task Group, 2017).

In comparison the global FM market is extremely hard to predict as so many services could be
included. However, (CBRE, 2017) ascertained that the global outsourced market of FM services will

be reach $1 trillion in 2025. Other predictions by Bhutani and Wadhwani (2019) put the figure higher,
reporting the FM market already exceeds $1 trillion in 2018 with an expectation of $1.74 trillion by
2025. The EU 2018 market was est i malil9%2dntegrdated BN2, 62 . 7
0112.7 outsourced and 0136.8 in-house, with FM making up 1.7% of total workforce (Global FM,

2018). The UK AEC and FM industries make a significant contribution to our GDP: 2018 saw
construction contribute £117 billion to the UK economy (Rhodes, 2019) and this is predicted to rise

steadily to £176.5 billion by 2024 (ConsTrack360, 2020).

In comparison, the UK FM market was estimated by the British Institute of Facilities Management
(BIFM) in 2017 to be worth 8% of GDP, and estimated to reach £120 billion by 2021, whilst employing
uptol0% of t he c¢ oun(CIBYEG2X17)wAsisucH ewen a small performance percentage
improvement in either the construction or FM industry could result in savings that will have a

significant impact on the UK economy.

2.2 Lack of productivity in the worldwide construction sector

The global construction market is significant, but al so has one of the wor

productivity growth rates; a key metric in measuring industry performance. Whilst other sectors like
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manufacturing have managed 3.6%, construction has performed at only a 1% increase over the past
20 years (Barbosa et al., 2017).

The US market emphasises the problem; whilst agriculture and manufacturing productivity has
increased 10-15 times since the 1950s, construction is essentially the same as 80 years ago
(Sveikauskas et al., 2016). Egan (1998) observed that low profitability and too little investment in
capital, research and development, and training had led to the industry's clients being dissatisfied
with overall performance. This divergence with other industries has been increasing year-on-year as

is illustrated in Figure 2.2.
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Source: ONS

Figure 2.2: Construction productivity growth over time (IPA, 2017)

Taking all these issues into account, it is clear changes are needed in the way our BA are designed,
built and operated. However, Langston (2011) noted that over time buildings, like other assets, can
become obsolete. Barbosa et al. (2017) suggested incorporating 6 Fues @a strategy to support a
6ci r cul arThayevennoo toynade.the construction industry as being extremely poor when it
comes to digitalisation and that it needs to use technology to drive change By integrating technology
with these approaches ARUP (2016, p. 45) predicted:

buildings will be designed for a whole-life-cycle and not simply an end use. Stakeholders will
collaborate on cloud-based BIM models with analytical software that clearly visualises a
proposal 6s externalities. Policy and i ncyelent i ve
contracts from design to operation and disassembly as well as pushing their ambitions in
achieving holistic life-cycle certification and awards.
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2.3 Construction: an industry ripe for change

Over many years, the AEC industries have been faced challenges on how to; improve cost efficiency,

increase quality and productivity, and speed up project delivery (Azhar et al., 2008). Many reports

over decades have highlight what needs to change. An extensive list of 88 examples (1934-2018)

are available online (Designing Buildings Wiki, 2019a). From t he 8uelding to the Skiesé r s t
suggested the construction process took too long, was too expensive and was not satisfactory for its

clients (Bossom, 1934). T h e Ndti@nal tnfrastracture Assessmentdé r eport ed: Afover
years, the UK has seen an endl ess cy@imédtetalf 2088l ay s

p. 3). Report examples include:

T 6Construct i (aharh, 1994);The iadusiry has 25-30% waste and needs to improve
collaboration alongside a partnership approach.

T 6Ret hi nki ng (Bgam $988); meed foroimpdovements e.g. leadership focusing on
customer needs, integrated processes/teams, improved quality and commitment to people.

T 6Moder ni si ng (BGQuonn26l)r aver 73% of nodstruction projects were delivered over
budget and 70% late.

T 6Accel er at i(Byan, 20Q0R)aneed¢odend lowest cost tendering as the main industry
procurement tool and consider how clients get value for money.

T 6Never Wast e (8Volstentmlthe, 2009); maxisndm value is created when the whole-
life-cycle is considered rather than simply reducing construction costs.

T 6Exploring Procurement i (6IOR, A0&0); budgetsoverruncM% and | n d
late delivery 93%.

1 &AS 1192-26(BSI, 2013, p.v):ibasi ¢ probl ems exist with procu
been known for over 100 years, but little as yet has been achieved in resolving them.o

1 dnfrastructure Assessment6(Armitt et al., 2018) noted the need to move towards more energy
efficient BA, concluding that infrastructure in the UK is not in line with population growth, nor
technological demands and advances. The importance of digitalisation is made clear in seven

key recommendations, the first of (iid pl&dh sugges:!

These reports paint a picture of a construction
need of an overhaul to address key sustainability issues. However, on a positive note the industry is
working hard to improve. If it does there is potential to deliver significant savings to world economies

and address many of the challenges identified by the UN.

Digitalisation offers exciting opportunities to achieve the required changes. Berger (2016) observed
the industry is already aware of the importance of the megatrend toward digitisation but noted it is
often not implemented in practice. Blume (2017) argued the built environment needs to adopt
digitalisation quickly or the increased pace of change will likely increase obsolescence in the industry;
especially of energy-inefficient buildings that are incapable of becoming smart buildings. Langston

(2011) suggested digitalisation will enable design teams to significantly improve sustainability
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performance with more informed BA decisions, thereby providing property owners and investors with

better economic, social and environmental benefits.

2.4 The UK Government& drive to adopt building information modelling

The 2008 world recession had a significant impact on driving change. The Governmentr e p oKeyt , 0

|l ssues for the Nemwo tPad dowiditméeetonoi® dclivity dvas felt across the

world, with many countries, including all G7 economies, falling into recession during 2008. The
recession was the O60deepestd (in terms of |l ost out
i n 1@®H6éuSemf Commons, 2010, p. 28). The CIC (2009) noted that, since the Second World Warr,

2009 was the worst year economically leading to a period of austerity with limited resources to spend

on new infrastructure.

The recession, together compounded by issues raised in Chapter 2.3, ledtoth e 2 Gdvarnment&
Construction Strategy6 . Thi s anmeeddar ¢thangeefthere is widespread acknowledgement
across government and within industry that the UK does not get full value from public sector
construction; and that it has failed to exploit the potential for public procurement of construction and
infrastructur e pr ¢JamnettOfficet2@l1, @.13). The strafegyoestablisided a bold
target to cut costs by up to 20%. In order for the Government and the country to achieve long-term
social and economic infrastructure there needed to be a relationship change between public
authorities and the construction industry. The aim was to ensure information was better co-ordinated,
with specifically designed and procured requirements which was provided to the public sector
clients.. It noted the design and construction of a facility needs to be aligned with those who
subsequently occupy and manage it. Importantlyitalsoi nt r oduced t he Gover nmen:
collaborative 3D BIM (with all project and asset information, documentation and data being

electronic) as a minimum by 2016 (ibid, p14).

The 6UK Bl M T a sdnsedbentyiset dp onvd$May 2011 to help drive adoption of BIM

across government in support of the strategy target to achieve 20% savings on the costs of capital

projects by 2016 (BIMWiKi,2017). The pr essur e waConstruation®?@28: Induptrial n t h
Strategy: government a n(tHM Gaveatnument, 2043, p. ') whichrsét foarr s h i

challenging targets, namely a:

33% reduction in both the initial cost of construction and the WLC of assets

50% reduction in the overall time from inception to completion for new-build and refurbished
assets

50% reduction in greenhouse gas emissions in the built environment

50% reduction in the trade gap between total exports and total imports for construction

products and materials

I n 2 0 1@ovetnment Construction Cost Reductions, Cost Benchmarks, and Cost Reduction

Tr aj e c teport i(Galingt Office, 2014) focused industry on producing benchmark data to
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emphasise the potential for savings to drive efficiencies and the use of BIM on all contracts. In 2015

we saw more emphasis on digitalisation in the Government& Db gi t al B stiategy. ItBr i t

recognised the need to use BIM as a key factor to reduce costs, whilst improving the collection and
management of valuable information needed by operation teams, to optimise buildings performance
over their whole-l i f e . The st r aforengign ecomomyeisitransfdriningethe way we live
and work. It is crucial to our success on the global stage and to facing the challenges of urbanisation
and globalisation that we grasp the o p p or t (HNiGowemment, 2015, p. 3). The 2016
&overnment Construction Strategy: 2016-2 Odigital technology advances have enabled increased
productivity opportunities and efficiency within construction and asset operation (IPA, 2016).The
strategy also noted collaborative approaches with the use of digital technology has been shown to

drive innovation thereby reducing waste.

2.5 A paradigm change towards realising best value over the whole-life of assets

Thel nstitute of Asset MAasseaMaeaganert - a(nl AaM)a ebreamasodnat

)

imodern society is heavily reliant on (1AW 30%5 c al

7). This is undoubtedly true, however from a customer perspective, Saxon observed that:

Customers in the great majority do not seek to buy construction per se; they seek the use of
facilities or the creation of assets. They find value in the availability of serviced space, developed
and run to support their business or social service. Construction is only a periodic input to meet
t hat need. To paraphrase the Zen master Lao
use of t he (Sqxm,2@05,w.il2).hi nbd

We have seen a gradual paradigm shift in thinking how to achieve best value from BA for users and

society by considering performance over theirwhole-l i f e. A Gl obal economic,

drivers are diving the AECO sectors to increasingly consider long-term value, rather than simply
focusingonshort-t er m returns and t he i ni t(Aslaworth,c2alp,ip.t250).
Experience from historical reports concerning the construction industry has shown that acceptance

of the lowest price bid does not provide best value for money. Mitchell, Swann and Poli (2009) argued

organi sations often use 0v aterm EAPEX gHoweeee usinqicheapet o

components and systems often results in much higher whole-life OPEX costs (Bourn, 2001). If we
are to deliver sustainable BA that meet the needs of people and society, we have to consider the
relationship between long-term costs and the ability of assets to deliver benefits to the end users.

This fine balance represents the best value for money (OGC, 2007).

Research has shown the degree of ability to influence the cost of BA is much higher during the early
design stages. This idea first appeared i rDesigning to reduce construction costs6(Paulson, 1976,

a

Ts i

C

S

(

[

r

p.592). He wrote fAthe |l evel of influence in deter mi

evolves from preliminary and detail design, through procurement and construction, to beneficial

operation or wutilizati ono Hplicated atedllastrated iwRigueBR.3.h av e
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Figure 2.3: Level of influence on project costs (Paulson, 1976)

Davis (2013) suggested Patrick MacLeamy used this model in 2001 to develop what has become
known as O0The M@acLearayn2p10)CHelingogdrated the ideas of Integrated Project
Delivery (IPD), which contractually amalgamates project parties to guide the design team towards

best value solutions early in the project; and BIM, to improve communication between team-members

and provide a central database for project documentation. An importantprinci pl e i s t he
coll aborationd through i Gdlabaratioa,tintegrated lformationnagdtheT h e

Project Lifecycle in Building Design, Construction and Operationd s u gdgmeamsy tbenefits to this

approach including more efficient, and effective buildings which are delivered quicker (CURT, 2004).

The report shows a modified version of the MacLeamy curve showing the focus of design effort front
loaded (black curve) in the earlier design stages (Figure 2.4). By bringing forward key analysis and
design with open collaboration earlier in the process, project teams have maximum opportunity to
impact on decisions that have long-term consequences to cost efficiency.

Page 42 of 523

d



The evolution of FM in the BIM process:
An opportunity to use CSF for optimising built assets

Effort/E

Figure 2.4: The MacLeamy Effort/Effect curve (CURT, 2004)

Two key questions, central to achieving best value are:
T What is the 6useful d e ssamgimng fit fof parposed?f B A el ement

1 What are the ratios of cost for the life phases e.g. design-construction-maintenance?

With respect to O6useflahgstahé28lil)gn glgiefsd G&;d nedxerearadch ob

6pysi cal Il i f ed ashirda |t papendsiheasily enl ugagetandoquality of individual
components. Estimates for predicted 6life expect
(eTool, 2015) a n d 6costmodel ing. comd which p r o \Building s e X

B 1 a c k byoFeakkin and Andrews (2010).

Management teams oft el8O U5686,06(50,i201s)lfdcusedon | 6 &er Wi c e
pl anningbé and such databases as a framework to r
or replace components or whole systems. However, (Designing Buildings WiKi, 2019) notedit her e
isnolegallyagreed definition of design |ifeo. I't sugges
Il i fed as s Ra4.vwnnpradtice holvavber] decisions as to when to act are usually based on
individual condition reports from inspections.
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Table 2.1: Examples of useful design life (Designing Buildings WiKi, 2019)

Design Life: (based on BS EN 1990) Years

Category 1: Temporary structures, not including structures or parts of structures that 10
can be dismantled with a view to being re-used

Category 2: Replaceable structural parts, e.g. gantry girders, bearings | 10-25

Category 3: Agricultural and similar buildings 71530

Category 4: Building structures and other common structures 50

Category 5: Monumental bullding structures, bridges and other civil engineering structures 100

Bogenstatter (2000) arguedt he Oear |l y de s i ahdestpmatesshat@0% osoperationadl i ¢ a |
costs and environmental impacts are determined in this phase. 4 SO 1 YI6@, @7, p. 12)
supports this indicatingt he 80% i s usually compressed fAdThist he
illustrates why the early involvement of FM know-how is critical during these early stages when key
decisions are being made which will define the long-term usability and the Life-Cycle Costs (LCC)
(Ashworth, 2013).

This is further compounded when considering the duration of BA life phases. Typically, concept,
planning and construction takes 2-5 years, whereas operation can last 25-50+ years. However, 80-
85% of the LCC occur in operation. The solid line vs. the dotted line in Figure 2.5 by Kovacic and
Zoller (2015) shows the potential to save costs by a small increase in CAPEX to deliver increased

OPEX savings.

Cumulated 80 - 85% of Life Cycle Costs
Costs | |
Costs Y T :
Change potential Traditional - 4 Saving
Planning o potentials
at the
end
of LC
Costs:
Integrated
Planning
2 Time
=% »
Concept Planning  Construction Operation Demolition

Figure 2.5: Cost vs. change potential over building life-cycle by Kovacic and Zoller (2015)
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There are a wide range of estimates reg®@OGEhaeg t he
life costing and cost managementd gui de quoted fAthe Royal Academy
typical costs of owning an office building for 30 years (based on work from 1998) are in the ratio of

1, for construction costs; 5 for maintenance costs; 200 for costs of the operation being carried out in

the building, i (OGC, 2ad7).Hogwever Hughes ettab (2404 argue the figures do

not reflect reality and suggest a realistic figure would be 1:0.4:12. Flanagan and Jewell (2005)
suggested a percentage f i g-design-corfstnuction-odppel raantnii onngd of 1
MaclLeamyo6s c orBAM-B OO M{#acLéaky, M012) suggestedusi ng BI M in 0
designdéd is a fraction of tM)e amgdt safgnobuiclachitng a
operationd (BOOM). The?2@sugyests aratio$:2060vn i n Figur e

-
=
Q
=
8 BOOM!
sm | BAM .
Building| Building Building
Design | Assembly Operation
$ $20 $60
Time

Figure 2.6: Ma c L e a Biy,8AM, BOOM concept (MacLeamy, 2012)

These examples illustrate a now generally accepted principle; the amount spent on buildings, in initial
CAPEX is small in comparison to OPEX, and both are small in comparison to the value added by
their occupants (Saxon, 2005). Ultimately the best value is achieved if all stakeholders involved can
balance the relationship between minimising long-term costs and producing the best project
outcomes for clients (Ashworth, 2013). However, practice suggests organisations often treat CAPEX
and OPEX separately (BSI, 2014a). If organisations continue with separate approaches the
challenges to the strategic and holistic management of assets will remain. However, if they are
considered together and more emphasis is placed on a WLC approach then the aims of the UN SDG,
and the potential to realise real value in economic, environmental and sustainable terms is entirely
possible. On a posit i v@ovemmoenteConsttuaion Strategy: 2016-2 0 éaw further
commitment by the UK Government to push a sustainable approach with leadership being

demonstrated in the areas of whole-life cost and whole-life carbon (IPA, 2016).

Page 45 of 523



The evolution of FM in the BIM process:
An opportunity to use CSF for optimising built assets

2.6 Bridging the gap between construction and operation

In order to deliver BA that society, organisations and users really need, clients and FMs must play

their role. FM is seen by RICS and IFMA (2018) as the link between disciplines in the built
environment which in turn allow physical assets to create organisational outcomes. The importance

of linking people, places and pr oclS@4&l011L:20176i gkl B gl
forganizational function which integrates people, place and process within the built environment with

the purpose of improving the quality of | i(l5@ of
2017a, p. 1). FMs are the experts who look after BA over the much longer operational stage where

most energy, resources and costs are incurred. As such their input about early design decisions is

critical.

There are good financial arguments for considering best value from a whole-life perspective.
Estimates vary as to the proportion equated to the operational cost element of an asset over its
whole-life.. IFMA estimated 57% (Eastman et al., 2011), which is very close to (Sacks et al., 2018)
estimate of 57.5%. Others like Akcamete, Akinici and Garrett (2010) suggested 60% and Miettinen
et al. (2018) even higher figures (67-85%). Supporting the graphics of Poulsen and MacLeamy,
Fabrycky and Blanchard (1990) noted the ability to influence cost decreases continually as a project
progresses, from 100% at project inception to typically 20% or less by the time construction starts.
They also noted 80-90% of the cost of running, maintaining and repairing a building is determined at
t he desi gl80 1588&5y kife-cyate costing for buildings and constructed assetsé not es
decisions made in the early design phase have a direct and lasting impact on future FM functionality
(ISO, 2017). This is illustrated in Figure 2.7.

Potential for value improvement

Planning Design Construction Operation End-of-life

Figure 2.7: Scope to influence LCC over time (1SO, 2017)

These arguments illustrate why the early involvement of FM know-how is critical in the initial stages
of design, when key decisions are being made, which will determine the long-term usability and LCC

of the asset. Research by Hansen and Damgaard (2011) observed that FMs are the translators who
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need to be involved in construction projects at the design phase. Other research indicates
digitalisation, and specifically BIM, offer an opportunity for project teams to improve decisions made

in these early stages to help minimise the downstream operational costs. Examples from practice

include (Zeiss, 2018) who reports on studies by colleague George Broadbent, which suggested an
average positive 5% Return on Investment (ROI) on projects using BIM. He estimated that
Aiintroducing BI'M for FM saved on avefiagdub®&dof he
l ooking for things by 83%0 (ibid).

There is now an increasing acceptance of the added value FM know-how brings to ensuring users

and building owners achieve the best value and performance from a building over its whole-life
(Ashworth, 2013). The optimisation of value knowledge capture and transfer is achieved by involving

FM in the early strategic and planning phases,ensur i ng users6 needs are n
cost management, sustainability can be maximised. To help understand how FMs can contribute to
achieving best value the @he 4P Life-Cy c | e V al (Ashwoiig B0&3a,d. 49) was developed

as shown in Figure 2.8. It shows BA with a cyclic-l i f e as diS® d3686s &The maodel 6
illustrates FM adding value across each whole-life stage. To ensure BA are sustainable they must
deliver best performance through an opti mal bal a
outer dark blue ring represents the idea of BA achieving an optimum balance betwee n t he 064P
Project teams wil!/ achieve best value by working
needs (People), and which are sustainable (Planet). These need to be balanced with the costs
resulting in an optimal design with lower long-term operation costs (Profit/savings). By taking this
approach clients and their project teams can procure BA that achieve sustainable (Performance).

£RFORMANC

Figure 2.8: The 4P Life-Cycle Value: conceptual model (Ashworth, 2013a)
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The model emphasises another issue; achi eving a smooth &étransition
construction and operation phases. This is illustrated by the gradually developing inner (light-blue)
ring. The key issue here is to ensure the capture and handover of essential information which is

critical to the optimisation of the BA in operation.

2.7 Information: the key to successful optimisation of assets in operation

Higson and Waltho (2010) argued that it is critical for organisations to acquire strategic asset
information. Cavka, Staub-French and Pottinger (2013) stated that in order to support complex O&M

activities it was imperative that FMs are conversant with current, reliable building information. They
added Athe quality, efficiency, and r keteforadriiichli t vy
for facility managers to reach the performance, sustainability and economic requirements of facility

oper at i on sHoweyer, tesealch bygMibgdy and Walsh (1999, p. 10), indicatedt hat fieof al
corporate resources (people, finances, assets, information), information is probably the least well

managedo.

As pressure grows for the AECO industries to become more digitalised it is essential that
organi sations consi der i dnpeligent techiploges likeBIM io thenbeik t e d
environment to further improve information-s har i ng and t (ARURP,s RHB).e nCc Yy
BuildingSMART research by Jackson (2018, p. 38) indicatediis ome 3% to 7% of tot
saved by a more syst e ma twenton oaotaltbar iBIM tocdhte hdsalteen o . H
focussed on design and construction in its approach and there is a fundamental need to shift the

focus towards maki nglbid.t more asset centrico

One of the key impacts of digitalisation and BIM will be improving the handover and management of
information state Saxon, Robinson and Winfield (2018). In the past the handover of information on

|l arge projects often meant clients -lawmidl tF@Msd rreewien
documents. Fal | on a n d200)adbsawatichs noted this process often resulted in poor

quality, unstructured information which was often incomplete. Poor handovers can result in months

or years to acquire complete information with FMs faced with the expensive task of manually
populating the information into their CAFM systems. Akcamete, Akinici and Garrett (2010) argued

that a key benefit of BIM will be to improve the automated transfer of such information from BIM to

CAFM.

When consideringwhati nf or mati on to capture it is importan
AAlI'l parties, including the client, should only
t hei r o w(UKB8IMEFrantewskp2020a, p. 49). The focus should be on collecting information

t hat aligns with the business needBEO 55000:tAtset or g
managementd(ISO, 2014) can help ensure the alignment. To keep inffor mat i on | ean and
critical to understand its future use. This <can
identifying the downs {(BSIe2018, pwk Ehe role df FM imhielping to defireo n 0
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what i nformation is required to AssepM€Managegmena @@M)or g a
strategy is expanded upon in Chapter 6.

Putting a detailed CSF O0transition pr gangtiensadd i n |
maximises best value This must bring together D&C and operations experts to plan how to identify,

capture and then transfer information into FM managements systems. FMs are crucial in such
projects as they under st duncional demice uesuramenis. Tiney evans a n
materials and products that will last longer in operation and require less maintenance (Ashworth,

2013a).

To visualise how to incorporate operational knowledge in the process, a second 4ROMeasurement

of FM Add eodel fFgureui2e9was developed. It incorporated the ideas of the 4P model in

a linear format to illustrate an ideal transition process. The FM involvement at the beginning of the

project should be appropriate to the task, and then continuous inputs given as required (by a FM or

FM consultant). The model vi sual i s esh obwadd dd inrgi nvga |
project stage as a project is developed (Ashworth, 2013a).

Dt Ay 4P Life-cycle Value Measurement
-The Added Value of FM Fotantis
Added Vil
2N,
- -
.- - P
- rd s
- D
P—-‘-'_ 5
- . .
] 1
; ' |
FM KNOW-HQW "
' ]
: ' '
ke . (W : §
P T ™
o) 0 0 &)
sranear s [V 77| rexsery [3]5 reaecr 4]0 rovoee IR OEE T BEE aeenars
Vs i :
| |
y | [l
e V4 IV4ilVdlii P
{ vl 1
A als 2 ] [EE OED n
= | TRAMNTOMVNE D OFESATGAALVALIN

Added value

b ‘ wtdoodacaasod At b s potential of FM ) o-bo SIA 112 PHASES
s ;
it ul v st ld" o TRANSITION FROM

................ BUILD TO OPERATE

Figure 2.9: 4P measurement of FM added value: conceptual model (Ashworth, 2012)
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The FMs provide their inputs to the D&C teams to help them plan better project outcomes for
usability, functionality, sustainability, energy efficiency etc. This provides a checking mechanism for
the BA design from a whole-life perspective. The operational knowledge is focused in the key areas
of People, Planet and Pr o f i t (represented by the Thr eresenPds ¢
transition-hofwoé AN lrawUaphalsed Mapr edsents to wha

potential of FMO& is incorporated in the project.

These early conceptual models helped establish the following conclusions to explore in the PhD
work:
1 Early FM involvement has the potential to deliver added value to project teams

Best value is delivered through a balance of economic, social and environmental factors

1
1 The best value is achievable if a long-term WLC view is adopted
1 The handover of information is a CSF for clients and FMs

2.8 Chapter summary

The literature highlighted the importance of BA which underpin our lives, society and economy. It
exposed problems with the built environment which for decades has had a poor performance track
record. This has directly and indirectly contributed to the severe environmental, social and welfare
challenges outlined int h e 2030 Agenda for Sustainable Development.6The literature exposed
gaps in research around how the AEC and FM industries need to build bridges to come together and
proactively use BIM to help address these challenges. There is a moral obligation on all AECO
stakeholders involved to collaborate and adopt a whole-life approach to ensure BA which balance
the needs of users, society and the environment. It is clear that digitalisation and BIM offer the
industry a way of bringing stakeholders together to deliver against the UN SDG and deliver a triple-

bottom-line of improved performance.
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Chapter 3: The evolving discipline of facility management

The purpose of this chapter was to address research objective (a) to assess the state of the art and
identify CST important to delivering successful outcomes when using the BIM process. Specifically
it discusses how FM has evolved as a professional discipline and its increasingly important strategic
role with respect to managingo r g a n i srealtestaterpdrtolios. It highlighted how FM adds value
to the triple bottom line by providing services which directly and indirectly support organisations wider

strategic goals as well as the needs of the users.

3.1 The birth of facility management

As Appleby (2018, p. 253) observed:

Since humans first sought shelter in caves and dwellings, an element of facilities management
entered into their lives. From managing waste, cleaning and repairing the fabric to ensuring
catering arrangements are maintained, there has always been a maintenance element to

ensuring the health, comfort and wellbeing of building occupants.

Chapter 2 highlighted ma n kdepemtlénse on BA. However, buildings need maintaining and this

is where FMs come in. There is little historical record of the early evolvement of FM as Becker (1990,

p.8noted:fal t hough facility management has existed

nanosecondWiggms (201l4me D) suggested the term FM emerged in the 1960s, stating:

~

C

OFacilities Managementdéd was ficoi ne dargleythePodgnsof Per o

FM fican be traced to an era of scientific mana¢

admi ni s (bid)aCthierslikedNor, Mohammed and Alias (2014, p. 1) maintained: Al t i s
in general and US railroads in particular that many authors ascribe the origin of the coordinated multi-

functional but dispersed firm, which is the basic methodology of the FM organizationd The different

terms for FM can be confusing. Appleby (2018)
managementé is often used, whereas international
Both these terms are interchangea bl e al ongsi de the expression

According to IFMA there were no umbrella associations in the early stages of FM development. Their
webpage notes:it he first step towards the formati on
an FM organisation occurred in December 1978 when Herman Miller Research Corporation hosted
a conference called d-acility Influence on Productivity6in Ann Arbor, Michigan, U S A(FMA, 2018).

This resulted in the founding of the National Facility Management Association in 1980. It was then

changed in 1981 to the o6l nternat i on &lckefFaaccMasuriit y

(2016) noted literature generally describes FM as a relatively new discipline, but one which has

evolved quickly into a profession that plays a critical role in supporting organisations.
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Becker (1990, pp. 8-13) suggested the early evolution of FM was shaped by five factors; information
technology (IT), global competition, high cost of space, employee expectations and cost of mistakes.
He argued these factors came together to stimulate the early growth of FM into a discipline:

1 The proliferation of IT: both office automation and Building Management Systems (BMS) saw
increased demands which needed to be coordinated by FM.

1 Global competition: as recognised by researchers like Naisbait (1982), rapid market expansion
drove organisations to be leaner in order to survive. FM provided opportunities to reduce costs
in space management, equipment, furniture, IT etc.

1 Increasing costs of space: forced many companies to consider their office locations and had
a major impact on decisions to own/lease property. FM provided a vital link between managing
space and operation effectiveness.

1 Increasing employee expectations: demanded more than just safe workplaces; it meant
comfortable, pleasant and effective workplaces to work productively, and be recognised and
valued. FM became increasing responsible for creating workplaces that retained people.

1 Money and the cost of mistakes: increasing complexity with high costs/square metre of space,
very expensive buildings and BMS systems meant mistakes were expensive. FMs spent more

time on quality over the long-term, avoiding buying cheap only to pay more later.

Similarly, Smith, Seth and Wessel (2000) suggested dmpinging forces6came together to influence
the development of FM in the workplace as shown in Figure 3.1 (green boxes). They included
changes brought about by historical major events, advances in technology, science, construction
etc., increasing complexity, and the steady recognition of FM as a profession.

Major events:

Energy criss
Building boom
Population increases
Cold war

Giobal economy
Environmental

SPACE ORGANISATION

YYVYVVY

Advance in: c xity
- Bundmg 5 : -
materials
» Technology
¥ Gonshuckon » Contrci systems
s Peaple ’
es?:pnml > P
» Technology =
TECHNOLOGY - Recogrisedasa FINANCE
profession

” Olgmismioos
» Business. industry and
institutions

Figure 3.1: Smith, Seth and Wessel (2000) - forces impinging on FM
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These forces shaped FM into a critical management function which integrated a wide range of facility
services supporting organisationsddaily business operations. Interestingly we see the early impact
o f inforntationd dechnologydand dprocessesdéwhich would underpin FM and the BIM process in the
future. Clark and Hinxman (1999) observed the FM profession as emerging towards the end of the
century and that this happened in parallel with the technological revolution.

This brings us to a question many academics have tried to answer; 6 w h a t Its vesy natuhé Pas
made it challenging to pin down, and everyone seems to have a different view. Research by Clark
and Hinxman (1999) exposed the complexity of FM when they reported BIFM had 23 competencies
covering the necessary skills needed by FMs. Later research by Tucker and Roper (2015) found 25
as shown in Table 3.1 when comparing professional competency frameworks from BIFM, IFMA and
the Royal Institution of Charted Surveyors (RICS) Note: Darker shading indicates more occurrences,

lighter shading several occurrences, and white few or no occurrences.

Table3.1:Tucker an (01R &M eomgetency matrix

BIFM | IFMA | RICS | Total

Compliance and standards 47
Contracts and procurcment 4]
Maintenance and operations 4 35
Sustainability 33
Projects 5 6 28
REM-PM 6 6 28
Information and knowledge 6 6 26
Finance 5 25
Strategy and planning 1 2 20
Performance 6 2 19
Management 1 17
Risk 6 1 17
Customer perception 6 5 4 15
Technology 2 6 15
Building design & construction 0 14
Relationships 6 1 6 13
Leadership 5 0 12
Communication 0 2 10
Change 2 0 9

Role of FM 6 3 0 9

Consultancy 0 0 7

Innovation 5 2 0 7

Space planning 5 1 1 7

Conflict 1 2 2 5

Ethics 0 2 3 5

161 152 151

Their research clearly demonstrated the complex and diverse nature of FM as a role that requires a
wide range of management skills. Tay & Ooi (2001, p. 1) suggested this has caused conflicting
opinions; some consider FMsasa @ j a c k o;fwheeeas|Tucker, dasw@i sira Cotgrave (2016,

p.390)notediit her ef ore by i mpf i odleauwhord 203 years afffMexperience

underlined this tension. Many roles he undertook came under a different job title e . g . 6ser v
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manager 6-i némanager , Oc on Hisimpessiomeas thag manayemertt teams,
and sometimes other FMs, thought using these job titles would clarify what FMs do forc | i ent 6 s
Thomson (1991) reflected this view, observing, five different FMs could describe FM in different
ways. Observations from practice indicate most FMs have a broad range of competencies with
specific specialisms. Another issue adding to its complexity has been the geographical development
of FM. Maliene, Alexander and Lepkova (2008) observed: that FM is interpreted in many different
ways around the world. Unsurprisingly all of these factors together have caused much confusion

about what FM is, and is not.

3.2 Academic definitions

Many academics have tried to define FM. It is a contentious issue, with definitions being defined by
local culture, personal and organisational interests noted Nor, Mohammed and Alias (2014).It
crosses several professional boundaries as Aderiye (2015, p. 15) observed; FMis|l i ke FfAan o c !
with legs in a combination of classic professions which span real estate to engineering and several
ot her s i nTable3t2Wwandahe paper d-acilities management: aJack ofalltrades6 by Tay a
Ooi (2001) illustrates different examples of definitions from literature, ISO standards and practice,
which illustrate the complexity of FM attempting to capture its essence. They are purposely wide
ranging to demonstrate the breadth and complexity of the profession, but also the lack of clarity about

what constitutes the discipline of FM.

Table 3.2: Sample of academic FM definitions by Tay and Ooi (2001, p.358)

Author Definition of FM

Becker (1990) FM is responsible for co-ordinating all efforts related to planning, designing and managing
buildings and their systems, equipment and furniture to enhance the organisation’s ability to
compete successfully in a rapidly changing world

Nourse (1990) FM unit is seldom aware of the overall corporate strategic planning, and does not have a
bottom-line emphasis

NHS Estates (1996) The practise of co-ordinating the physical workplace with the people and work of an
organisation; integrates the principles of business administration, architecture, and the
behavioural and engineering science

Alexander (1999) The scope of the discipline covers all aspects of property, space, environmental control,
health and safety, and support services

Then (1999) The practice of FM is concerned with the delivery of the enabling workplace environment -
the optimum functional space that supports the business processes and human resources

Hinks and ... common interpretations of the FM remit: maintenance management; space management

McNay (1999) and accommodation standards; project management for new-build and alterations; the

general premises management of the building stock; and the administration of associated
support services

Varcoe (2000) ... a focus on the management and delivery of the business “outputs” of both these entities
[the real estate and construction industry]; namely the productive use of building assets as
workplaces

Nutt (2000) The primary function of FM is resource management, at strategic and operational levels of
support. Generic types of resource management central to the FM function are the
management of financial resources, physical resources, human resources, and the
management of resources of information and knowledge
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These serve to illustrate the differing opinions of academics. Tucker and Masuri (2016) highlighted

the importance of theoretical models including the 6 3 P mo d e | 3&2). Deleloged in 4984 by

Duffy, Bleeker, Alexander and Prodgers, it illustrated how FM overlaps and integrates different

worlds; physical, mental and virtual; represented by the 6 3 Bflace, Process and Peopled . l ndust
actively adopted the model which was presented in the 'I[FMA Report #1' (EuroFM, 2020a).

Place

People
(mental world)

Figure 3.2: The 3P model of Place, Process and People (EuroFM, 2020a)

McGregor and Then (1999) built on this concept. Their model (Figure 3.3) placed the duildingbat the
centre; a physical representation of the &p a ¢ erdlacé) which supports all other FM activities. Key
6 management weeladdadeénrbltiesad dactorsdin red to illustrate the key influences on FM.

Interestingly we see dechnologybappearing as an important factor which would become to be so
crucial across all aspects of FM.

Economics

Financial
Management

SPACE

| Building

Asset Operational
Management PROCESS « Management
Management Technology

Figure 3.3: FM beyond buildings i interfaces by McGregor and Then (1999)

Then (1999, p. 462) suggested FM as a hybrid management discipline, which in essence combines

people, property and process management expertise. Together these provide vital services in
support of organisations.
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Researchers have struggled for years to categorise the wide range of FM services. Jensen (2008, p.
493)observed Awithin FM it is common t osendce-eelatedn g ui ¢
functiono and fbet ween Hpplely (2618] p.2253Y prosided furthdr dlbadity ( 1 b i
stating that fi &rd FM includes maintenance and repair of fabric and building services and soft FM

includes c¢cleaning, catering, waste management, r

As FM developed some definitions tended more towards one of the 8Ps.66 Pl a ¢ ecOmmardy s
highlighted in earlier definitions. Becker (1987, p. 82) described FMasfir esponsi bl e f or
all efforts related to planning, designing, and managing buildings and their systems, equipment and

furnituretoenhance t he organizationbés ability to compet

Other researchers like Alexander (1996) put great emphasis on 6 P r o camsing that FM can be
considered as a process that organisations use to deliver services within a quality environment to
deliver against strategic objectives. Similarly, Fleming, Lee and Alexander (2008) suggested FM
processes are a key to delivering innovative services to the highest levels of excellence in the
developing market in Europe. Other FM process models have been developed around the world e.g.
the Swiss ProLeMo FM Process model. Sigg (2008, p. 41) who was involved in developing the model

observed fAperformance is the result of processes

With respect to 6 €ople§ Alexander (1994, p. 6) ar gued FM fAcan be summar.i
potential to improve processes by which workplaces can be managed to inspire people to give of
their best, to support their effectiveness and ultimately to make a positive contribution to economic
growth and organizational successa People are a key factor in FM: they deliver the services and are

the stakeholders who receive them.

The importance of FM with respect to Corporate Social Responsibility (CSR) and social aspects was
noted by Jensen (2014, p. 863): Faifilities can have a huge influence on employee well-being,
satisfaction and even recruiting. This can comprise community use of corporate facilities, providing
jobs for people with physical disabilities and securing proper conditions for employees in the FM

supply chaino .

FM is often associated with service delivery as (Aderiye, 2015, p. 5) ohservediFM t ypi cal |y
thenon-cor e but <cruci al s e r \But heeesve geé maretc@mplexitygfdkmiara t i o
Brooks (2009) described FM as holistic in nature, covering everything from real estate and financial
management to maintenance and cleaning. The research of (Chotipanich, 2004) demonstrated the
wide diversity of FM services. Sixty-one services were identified under the banner of FM and

categorised into nine groups (some overlapping) as shown in Figure 3.4.
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Real estate/Property portfolio strategy

Lease Negotiation and management

Landlord activities and Rent _review
Real Estate & Leasing and sub-letting services
Property Retail outlets and space renting

Management Location searching and selection

Acquisition and disposal of sites and buildings

Relocation

New building

Extending & Alteration’ Faﬁi;i;ya Per:{:::
Demolition g
Facility Refurbishment

Building shell/fabric maintenance

Maintenance & Maintenance and repair plant

Repairs
Landscaping and landscape maintenance
Cleaning and Housekeeping
M&E/Operations/Run plant Building
Energy distribution and management services

Waste disposal & Environment management & operations
Pest control
Disaster prevention and recovery
Health & Safety
Security
Office move service
Post and mail distribution
Courier services
Telephones
Records management
Print and fax
Office services Storage and distribution

Reprographics

Reception, and telephone operator

Public relations/Governmental affairs

Travel arrangements

Car fieet control

Transportation
__Business hospitality .

Long-term resource planning

Mid-term resource planning

Annual resource planning

Work programming

Development planning s

Facility planning/master planning

Space Planning:

Space configuration and reconfiguration
Space Planning Space allocgtion, utilisation andgrelocation
and Management Space use audit and monitoring

Chum planning )

Office allocation

Administration and management

Budget and cost control

Purchasing and Contract control and negotiation
Office furniture and stationary provision

Child Nursery provision

Planning &
Programming

Operations
Administration/
Management

Restroom
Workplace nurseries
Employt? d Recreations
supports an Catering
Services Residential accommodation
Community affairs

Employee special services
Figure 3.4: Range of FM support services (Chotipanich, 2004)

Yiu (2008) commented on Chotipanichoés findings.
due to the impossibility of one being conversant in the complexity of multi-disciplinary and multi-
professional areas. This was supported by calls for standardisation in defining FM
terminology/processes. Figure 3.5 illustrates the complexity of FM by showing a generic model

(Hubbuch, 2020a) for the typical functions in real estate management.
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Generic model of terms in Real Estate Management - Portfolio Management (e.g. decisions to buy or sell} |:] - influence on bolirx & sheet (CAPLX]
Prof Markus Hubbuch st. al, Real Estate ag :.s“.ﬂonmn .d ‘d?“:‘i i - - expersditure [OPLX)
Institute of Facility Mana_eemen! - ; (CREM, PREM or REIM) | . strategic usage planning, site evaluation ete. | - cur b purtiy cost of tenant
Zurich University of Applied Sciences ZHAW positive or negative - Real estate sustainability strategy - W —
29,04.2020 N e - Asset Management (object strategy)
{Real Estate) - Project devel {new constructi difications or d I italic=expl
market value change
— 1 1 1
(Real Estote) | (Building) (Real Estate)
Provision Modification Disposal
l life cycle
1 1 S | |
" Planning / Property Manazement concept Sale
2 5 financing (Building)
tand ""_d./“ m"“"“‘ preparation of sourcing-modell, strategy i 1 ‘Demolition hyd_d.n4(ar
building(s} {Building, Fit Gut} R Condition analyis Ho building(s)
. - ) A . SLA definition Variant study | [
site analysis / | site analysis / FM-briefing for design and dismantling market research
market research| market research | construction Flanning recycling / vendor due diligence
compairison | buyerdue hand over disposal
dili A 1 + "l
vent b warranty management J of sites
5 ‘ | i
operational concept !
upkeep of documentation }— lﬂ‘"::".":‘;:‘:‘:"') Er (F.’ﬂum!;t '
optimising energy usage \ g |
| ﬂqm* | I ' ) -
! | i
f " {Building} ; (“‘m)l Grounde | Uviinas iReplacement y ! Re- E“.,"_“’" Addition off Modernization
| | Safsty security | I ! fplont/  Refurbishment | © (addition of || g Lo (plant/element)
| | ‘maintanance ' slement) | P an annex) | P H
| | -
| L supervision/ L, ﬁon‘ small repairs; o i :
5 l-muketing OL“OIJ-‘HW;I | data | guarding cleaning monitoring inspec i{ by ts)l L4 g usually allows @ rise of the rent
i > key special SR
| revenue | accounting |_document ] " cleani Genera.l Fservicing | i = replacement
F:from Fant, tenant care = ’ " ] autumr:-/ P tasks |
| Jeaseor | rontal contract space and [ winter service faules /alorm repair [reommizsianing i
' & o o .| = fire safaty management | i
| sub-lease I eracts + usage pl g K J . o - t !
! / 0 o f gardening services by specialists warranty manageman H
intemal. | TEbnE |y e ting - | - safe building . (mostly purchosed) i
- (extemal/ management ~indoor plants dnis gk ¢ 3
| ; cat internal) Ry | plants suf of operation should be equivalent to
g location _ -controllin; | Fully or partly responsibility of users / ! depreciotion, |
{ |_internal rent | tenants ! financed by e.g. accruals H
model /SLA I | i
! . technical service department ;
H T billing of additional charges plant/equipment in operation | i
| L | H
usuolly in additional charges H
- value creation !
- value conservation 2 - activatedin balance sheet J'
""""""""" » - processes - TR - projects eSS
- within the yeany budget - project budget

Figure 3.5: Generic model of RE and FM terminology (Hubbuch, 2020a)
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3.3 Standardisation in the field of facility management

Mitchell (2012, p. para 4) summar i sed the sitwuation in 2003 ob
considerable debate within the UK and Europe regarding the legitimacy of FM as a professional
di scipline and its place within t Thedrove the needffor of t
dedicated ISO standards considering the many differing views of FM across Europe. The technical
committee CEN/TC 348 (CEN, 2018) stated wor k on what woul d belSOme a
15221 FM standardso published between 2006 and 2012 which focused on key aspects of FM.
However, Ashworth, Strup and Somorova (2015) suggested, complexity was a challenge; it took four
years to find common agreement between countries as to definition of FM at a European level. The

standards are shown in Table 3.3.

Table 3.3: | $0 1 F® &tdndards (ISO, various)

Number ISO 15221 FM Standards (1-7)

15221-1:2006 ‘Terms and definitions’ \
15221-2:2006 ‘Guidance on how to prepare facility management agreements’ i

15221-3:2011 Guidance on quality in fécmty manégemen!'

15221-4:2011 ‘Taxonomy, classification and structures in facility management’
15221-6:2011 ‘Area and space measurement in facility management’

\
15221-5:2011 ‘Guidance on facility management processes’ \

15221-7:2012 ‘Guidelines for performance benchmarking’

#S0O 15221-1 §BSI, 2006, p. 5) produced the first internationally accepted definition of FM as: it h e
integration of processes within an organisation to maintain and develop the agreed services which

support and i mprove the effectiveness of its pri

Interestingly the focus was on t h erocésfe s énaking no reference t o lagedo r 6 Peltopl e
introduced a & M a g r e eameeptualdnodel which was widely used in teaching and business
internationally. Although withdrawn in 2017, the model (shown in an adapted by Ashworth, 2016) is
a helpful visualisation for students and people in understanding how FM contracts work between a
DEMANDr gani s @0)i clnédf t ) and tphev i &R BIhé( ardargsationfs
stakeholders have different levels of decision making, i.e. client, customer and end-user. He
suggests possible examples using the coloured boxes e.g. strategic-(client)=board-level, tactical-
(customer)=FM and operational-(end-users)=those needing the service. Typically, FMs agree a
specification with the board of required services to meet the organisationd and end-user® needs. A
contract (red box) is then initiated between the DO and the provider often involving Service Level
Agreements (SLA) and Key Performance Indicators (KPI) to measure how well the provider services
are delivered. The provider must ensure their support process/facility-services align closely to
support the client& primary-process/activities (Ashworth, 2016, p. Slide 20).
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SUPPORT Internal
PROCESSES FM Provider

Person(s) Ordering Service
(Board Level)

Y

Person(s) Managing Service
(FM Manager - You ???)

%

MiIX
FM Provider(s)

AMO-<O0OX7T

Z0=-=H>»0O-ZPONO

Persons Needing Service External
(The Users - People / Depts) FM Provider
Persons Needing Service
(Technical Needs) CEN, (2006)

Figure 3.6: &N 15221-16FM agreement model adapted by Ashworth (2016)

Findings by Ashworth, Strup and Somorova (2015) showed wide variations regarding the
adoption/use o f1S0015211 (parts 1-7 ) id practice across Europe. The Czech Republic had
purchasedthemo st ¢ o[B80 & 5 2 &7B5) and the standards had higher use in countries with
developing FM markets. This highlighted a need in such countries for standards and a framework to
empower a common understanding of FM. T h dS0O&221-4 {resented a taxonomy classification
and structure of FM services at strategic, tactical and operational levels (BSI, 2011). Figure 3.7 is
one example showing the proposed series of hierarchy of facilities products. The codes can be used

to ensure standardisation in cost allocation.
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After several y e a pracftitioners identified a need to update the standards. This was led by the

ISO/TC 267 technical committee represented by over 42 countries (ISO, 2018). The result was the

developmentoft hES® 41000

Faci | setieg. THdse meplgcedm®Os t15221-1 @nd

6 | 5-2 in12017 and introduced a new Facilities Management System (FMS) in 2018 (Reynolds,
2019). This was an ISO Management System Standard (MSS). The new standards are shown in

Table 3.4.

Table 3.4: The 4SO 410006FM standards (various)

Number

ISO 41012: 2017
ISC/TR 41013:2017

IS0 41011:2017

ISO 41000 FM Standards

| “Facility management — Vocabulary’

‘Facility management - Guidance on strategic sourcing and the development of agreements’

‘Facility Management (FM) — Scope, key concepts and benefits’

IS0 41001:2018

Interestingly the 6 SO

'Facility management - Management systems - Requirements with guldance for use'

1 4défimitioi® of FM saw the return of all the 6

3 P anbforganizational

function which integrates people, place and process within the built environment with the purpose of

improving the q u a

lity of | ife of people

and(S0h281l7gpp. dD)duct i

However, an opportunity was missed to include de ¢ h n o linotigeyd&finition; as inescapably

fundamental to deliveringanys er vi ce i n

4 SO

todayds

busi

ness

wor |

4 1luPpdat@ddthe previous 4SO 15221-26 FM agreement model now presented as the

&ourcing Process Ov e r v iagelid a flow chart format with process steps as shown in Figure 3.8.

[

Corrective actlon / improvement if necessary

L
A

\
Sourcing Identify Deter- Identity Business Select Facility Internal service / FM service Measure
strategy and late mine the service case preferred service provision procurement service
and analyse needs service delivery develop- sourcing/ provision (6:2) and FM- provision
core current/ into levels options ment service v perfor-
buslness future require and delivery External mance
context needs ments analysis optlon service provision
(4) (5.2) (5:3) {5.4) (55) (5.:6) (5.7) (6) (6:3) (7+8+9) (10)
Understand  |dentlfy Determine  Specify Market Establish Select and recommend preferred Develop Follow-up,
business current  what needs criterla and research business sourcing alternative service lovel monltor and
contextand  and to be parametors case agreement  verlfy service
strategles future dellvered, Determine p r datl (SLA) provider
facllity whereand [dentlty costand Flnanclal dellverles
Align needs how often  expected risk Issues a) Internal (deflne required Develop
service and measurable basellne lovel, all overallFM  Data
strategles expec-  Define output Define resources, organize) service collectlon
to tatlons  strateglc (quality Investment b) external (negotiate, provislon and report
business of the goals to be  levels) strategy slgn agreement) agreements  on facllity
strategy demand achleved services to
Including organk-  (cost, Define Estimate Incorporate  buyer
environ= zatlon quallty, etc) perfor- costs required organization
mental, mance contract
soclal Indlcators Pricing clauses Compare
responsl- and targets strategy dellvery to
bliitles, for each Document service
legal, service Risk performance requirements
economic, analysls criterda
and Identlfy and
political Organlzation Execute FM  Implement
Issues needs agreement  corrective
actlons
Project
stratogy

Figure 3.8: F M afuirBing Process Overviewd(ISO, 2017b)
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It clarified in line wi t h Appl ebyds ,ofibtsheer viaed i mais f adialti ty mai
management and FM can be used inte r ¢ h a n g(E5@,201ya0 p. V). Stanley Mitchell, (Chair of
ISO/TC267)not ed fAevery company, big or small, has so
complex discipline that directly affects everyone, as it is all about the spaces that we occupy and

how those spaces meet the needs of the people who use them on a daily b a s {Nad&n, 2018, p.
para5). He observed it has fAthe potenti al to make a
workforce health and safety, reducing their impact on the environment and making considerable cost
savings and (ibidfpara6. iImpartanilyetle EMS can be fintegrated with ISO 9001 Quality
Management, ISO 14001 Environmental Management, 1ISO 55001 Asset Management and ISO

50001 Energy Managemento(Croner-i, 2018, p. para 2).

3.4 The evolution of facility management into a profession

Roper (2017) observed that after a period of 35 years that the FM profession is reaching maturity.
However, it has not all been straightforward as Price (2003) highlighted. He discussed a topic that

has irritated many FM professionals for a long time: the negative stereotype impression of their

industry being perceivedass ome t ype of 6 EwmrecentdyrPindet andsEdisov(R0d8& 6 .
p.2)suggested FM is a Aprofession t hat.RdperandBoreftor o b | ¢
(2014, p. 2) noted that FM has had to struggle to throwofft hi s associ ati on as it
the boiler room tothe boardr o o mo . T Is similar¢oalbsértatjons by Tay and Ooi (2001), who

suggested FM has had to adapt to manage at both operational and strategic levels.

The IFMA website notes that fFMs can have many different titles and arrive in their profession

through a variety of career pathso (IFMA, 2020, p. para3).A Apr of essi onal facili
who is formally trained and whose main responsibilityisthest r at egi ¢ management o
noted Tay and Ooi (2001, p. 357). Aspiring FMs now have possibilities that simply were not open to

people who started their FM careers early in the development of FM. There are a variety of options

and routes to become qualified/certified and these are becoming wider and more developed all the

time. As (Roper, 2017,p.236)obser ved: fan estimated 50+ univer s
theunder graduat e, graduate and i n s omaddiogahatefsa satt hPeh
FM industry has reached a point of adequate maturity there is a need to standardize FM education.
There is also a need f oro(itdMShe suggedied FM be mtoodueed inte o f t
secondary-l e v e | education fAto attract more appropriat
(ibid, p237).

In terms of future development, the Institute of Workplace and Facility Management (IWFM) report
OFMda t he f ut ur éyRinder dnd Ellisoh (2018) higghlights the lack of customer focus
from FMs. They suggest they will be on an even par with other professionals, the better educated
and qualified they are Professional associations like IWFM, IFMA and RICS are offering certification

schemes as we will now see.
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3.5 Facility management associations and research networks

FM professional associations such as IFMA have evolved as umbrella organisations for FMs around

the world. They now have s o me f 2ve,nb0edr s i n mor e t [{ARMA, 2020)0Thec o u n't
IFMA definition (ibid, para 2) of FM, which interestingly includes all 3Ps and dechnology®b is: fi a
profession that encompasses multiple disciplines to ensure functionality, comfort, safety and
efficiency of the built environment by .integrati

Many countries have established local FM associations. In the UK the BIFM was established in 1993,
but changed to IWFM on 12 November 2018 (IWFM, 2018), following findings from t h &he 6
Workplace A d v a n trepartéSboddart, 2016). The IWFM now has some 17,000 members (IWFM,
2019, p. para 1) and like many other local organisations has adopted the 4 SO 1 4défititlod
(IWFM, 2020a). RICS with some 134,000 members worldwide (2020) recognised the strategic
importance of FM in a series of t h r Ragsingéthe Bardreports (RICS, 2017). They now have a
programme for chartered FM status (RICS, 2019). FM strategies are essential throughout every
st age of a -dydeiThiglis higlgighted imthefo &St r at egi ¢ FoWMRIES aadiFdM o r k 6
(2018) which sets out guidance for planning FM Both organisations also contributed to the
dnternational Proper t y Meas ur e me nt, wlidh aimet dorsnddrdis® rveasurément
across industry; applying to offices, residential, industrial and retail buildings to ensure that property

assets are measured in a consistent way (IPMSC, 2020).

The IWFM established their ®r of essi onal St amd@ld dosc | leam d lyo odkedf i r
competences that are necessary to be a competent facilities management practitioner at all career
| ev €D029,p.paral). Threoféessi onal S(Figure®.9) s dnsntebittiee enfodraphic

on their website to illustrate the competencies (ibid, para 4).

The Role of
Workplace and
Facilities

Procurement Strategy
and Contract and Policy
Development

Leadership
and

Finance

and Technology Management

Business
Continulty and
Compliance

Business

Support

Services
Management

Figure 3.9: IWFM professional standards wheel (IWFM, 2020)
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The industry focus is now on higher level management functions required to support every aspect of
an organisation® key services and their CSR. IFMA have developed a similar model with 11 core
competencies. These are aimed at three levels of certification: Facility Management Professional
(FMP), Sustainable Facility Professional (SFP) and Certified Facility Manager (CFM). The
competencies and model are shown in Figure 3.10.

L ST
\"*‘ %‘V‘V;

Occupancy and human factors

Operations and maintenance

Sustainability

Facility information and technology management

Risk management

>
"=
28
-
£E
3§

Communication
Performance and quality

Leadership and strategy

050 N 0N v

Real estate
10. Project management

CogRATIONGS . N
& MAINTENBNCY - 11. Finance and business

Figure 3.10: IFMA certification model (IFMA, 2020a)

Strong links between practice and research are critical to ongoing development and education.
Developments in FM over the last few decades should facilitate the integration into practice of
research findings argued Roper and Borello (2014).. Two FM networks which have helped push this
agenda are noted by (Wiggins, 2014):

1 EuroFM: a networking platform for research institutes, universities, service providers, corporate
organisations and national FM related associations with members in over 30 different countries.
I t s ai bringifoswart the FWM profession and to come to a better mutual understanding by
l earning and s har(kEurogM, ZOR0, pkpara )l e d g e O

1 Global FM: is a worldwide federation of member-centred organisations committed to providing
leadership in the FM profession (Global FM, 2020).

3.6 The strategic impact of facility management on the triple-bottom-line

The arguments presented in Chapter 2 conclude that FM is fundamental to the global economy and
corporate RE, as noted by Adhikari, Hoffman, Steve and Lietke (2019), whose research estimates
FM # ( bhodasédrand autsourced) is expected to grow at more than 6 percent a year from 2018 to
2024, hitting near | yFighra3.19. t ri |l I i ond as shown
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1,884

2012 2015 2018

Figure 3.11: Global FM market - Adhikari, Hoffman, Steve and Lietke (2019)

With this increase the importance of FM has become increasingly recognised in helping
organisations meet their strategic objectives. This was well described by Rondeau, Brown and

Lapides (2017, p. 253) who discussed FM with the chairman of Chrysler Corporation, Lee A. lacocca.

He declared FM i s fial ready a wusef ul t ool for strategic
billions and bHewéniootosay:of dol |l arso

You donét spend that kind of money unless your
can be managed effectively, provide a return on your investment over time and do the competitive

job you intend them to do. OQur overalll goal i
automotive products. We will do that only if we have the best facilities (ibid).

However, Savitz and Weber (2006) observed that success is hot measured by the financial bottom
line, but by overall consideration of economic, social and environmental impacts. Roper and Borello
(2014, p. 2) agreed, observi n g : APrimarily driven bagrosstheeworklust ai
facility professionals not only deal with the design, construction, and operation of facilities but also

now provide these functions with an eye toward improving triple-bottom-lineaccount i ng o .

Professional FM associations and FM researchers are coming together to help drive the future of the
industry. RICS and I FAM summarised this position
than the management of buildings and services, it is critical to the successful functioning of every
organization which occupies property or (Ri@Swmadges i
IFMA, 2018). The complexity of FM is seen in the increased complexity of contracts and outsourcing
solutions as is illustrated in Figure 3.12 from Adhikari, Hoffman and Lietke, (2019).
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Savings
IFM/TFM
T
Bundled /
T | 2 P o |
{ Standardized ~
; — Full outsourcing of
s 4 Consolidated e wide range of
A 1 PTPIT) NONCOre Services
f 1 / Bidding out P
—— o multiple and management
Out-tasked ~ .
| | /./ Alignment of services In One partner per site
‘ ‘. o service levels same RFQ with that typically
[ In-house - Pooling of adrosssites to opportunity for performs malor
S | volumes across  lowest acceptable  ©Nn@ supplier to services with own
= Out ! f sites, which is level, which also [:n“vm e staff
0 ok i ¢ ) service
/ utsourcing tendered by the treats employees than one service SyrerGIE: I
noncore tasks on cartral alike in exchange for Synergles
o) : d = 5 p
Own staff case-by-case _ . extra rebate delivery and
2 A basis procurement management
2 performing Jasis function
2 noncore services

Figure 3.12: Typical evolution of FM over time - Adhikari, Hoffman and Lietke (2019)

FMs are uniquely positioned to supportano r g a ni s a t-botioméire olfjectivep. ITheir intimate
understanding of customersd strategic needs enab
integrate the 3Ps; O6Peopl e, Pl ace and Processesbd
optimal way over their whole lives resulting in a reduced impact on the environment in terms of CO2,
waste etc., whilst also contributing towards the UN SDGs and the Government& construction

strategy to achieve best value for users and society.

3.7 Facility management supporting organisationséstrategic objectives

Barret and Baldry (2003) argued that FM and corporate strategic management need to be very
closely interlinked. Chotipanich (2006) observed that FM support services within an organisation
strengthens and supports its operations and strategies. RICS and IFMA have pushed the role of FM
as a strategic one (often at, or closely linked to board level) which can help organisations meet their
objectives. They have developed several specific guides for FMs involved in strategic planning of

facilities including:

1T &trategic Fa@RAMA,2009) Pl anni ngod
1 &trategic Facilities Management: RICS guidance noted(White, 2013)
T 6Strategic FM Fr amew®d@RICS &d IEMA, 2018) dance not e

A CSF as to why FMs are uniquely placed to help organisations develop their strategy is highlighted
in the guidance; t hei r uni gue position and intimate unde:!
values, culture and strategy. Figure 3.13 from the 2013 guidance illustrates the complex relationships
FMs have to manage and negotiate when developing policies to support the corporate strategy
(White, 2013). It is important to understand managing such complex relationships, and interpreting

customersédé needs against strategic objectives re
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Facilities
Management

Waorkplace strategy

Support
services

IT supply Outsourced
support
services

Figure 3.13: Example of complex relationships FM have to manage (White, 2013, p. 8)

& SO 4 Tenforzes the importance of these close relationships stating: AFM should be
synchronization with the mission, vision, objectives and domains of the demand organisation core
business. It is the role of FM to provide strategic guidance to the core business, interpreting needs
and translating them into expl i(SO201&epr3). iThe20l& e ma n

guidance emphasises a wider role stating FM must:

move beyond merely managing buildings and assets, to leading on issues related to property
search and disposal, the design of space, and the development and promotion of new working
methods and technology, to create and deliver workplaces which enhance staff recruitment,
retention, and overall success for the organization (RICS and IFMA, 2018, p. 8).
The guidance goes on to note two other key issues; FM fshould lead on issues including operational
sustainability, energy usage, safety and wellbeing and other issues where facilities operations impact
external stakeholderso (i b i, dilfere is A vesyoclear iterative relationship between corporate

objectives and resource planning, asset Mmalhager
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highlights seven steps FMs need to ensure their strategy aligns with the strategic planning of the DO.
The steps are show in Table 3.5.

Table 3.5: Steps for aligning FM strategy with DO strategy (RICS and IFMA, 2018)

Step | RICS /IFM suggested steps for setting up a FM stagey which aligns with and supports a DO strategy

Understand the DO goals and corporate strategy to achieve those goals

Understand the ‘primary activities” of the DO.

Understand how other components of the DO and support functions are planning to meet that challenge

Align the FM strategy with the corporate stralegy

Set oul the key deliverable outcomes from the FM service

Create a service delivery plan (including funding needs), which meets the required outcomes.

N O B W N -

Measure the results of the service delivery and feed back into the next round of planning.

Direct alignment between the FM and DO corporate strategies will deliver maximum benefit to the
organisation. Figure 3.14 shows the ideal alignment at all levels from strategic purpose to the
feedback level (RICS and IFMA, 2018, p. 10).

Strategic Purpose
Level
[ Customers ]
‘Strategic Planning I
Level <
[ Demand Organisation Strategic Plan (Corporate Strategy)
»
Business Unit v v
Strategic Planning I
Level [ Facility Management Strategy — Strategic Facility Plan ] Other Business
Unit’s Plans
f S
' Tactical Planning v
Level
: ; )
Operations & Maintenance
Design &
Operation Maintenance Budgets Construction
Plans Plans Plans
b
A
Execution Level v
Execution
\ 4 7
Measurement Level v
Measurement Performance
. 3 7
‘Feedback Level - =
Validate Strategy
. -/

Figure 3.14: Framework - deriving FM strategy (RICS and IFMA, 2018)
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3.8 The added value of facility management

Academics and practice have become more interested in how FM can add value to organisations.
Examplesincludet hEM 6V a |l u @endém, p0A0),t h ISS 220 Visiond(ISS, 2013) etc. Coenen,
Alexander and Kok (2013) observed that in the past the most common perception of FM adding value
fi

costs. They stated that the importance of FM and its impact within an organisation has been

toaclientds organisation was in a nanci al cont

compromised by the narrow focus on costs. Jensen (2014, p. 857) argued, A FM has gr aduall

from primarily steering on cost reduction towards managing of facilities as a strategic resource to
its overall

add value to the organization and its stakeholders and to contribute t o per

Designing better workplaces in our BA to meet the needs of people to increase agility, and the use

of smart technology to improve productivity, is now i n vogue ‘&hs Walkplaceus s e

Advantage6report (Stoddart, 2016). Duncan Weldon observed even a 1% productivity gain across
add A20 b (bit,ip®.rSuchan our

increase could reduce the annual government deficit by around £8 billion, add £250 a year to the

the UK macro economy i wo u | d al most
average wage packet and increase annual profits across the country by almost £3.5 billion. However,

many of these concepts are not new. The theme of FMs enabling workplace environments was

extensively exploredinTh e n 6 s(199%6h D He argued: AThe dominant con
an informed interface between strategic business planning and operational asset management via
SFB and SLBo6 (ibid, p236) as il3dlBstrated in his
Operational Facilities Facilities Support Services
Demand Drivers Real Estate Services Supply Drivers
Variables Variables
REAM
8 » Location + Site Selection i - Risks & §2
=g s Levels |  Criicality 33
v § » Image + Workpiace Micro + Service Leve » Operational / [
c 8 » Cost of Environment ¢ Procurement ek a @
=q Provision + Range & Size Strategy | povern 33
5 g » Headcount per workstation Enabling + Performance | _ o v nal 2‘
s ~ Competencies | * Configuration Workplace Management Standards 3
5. and Workfiow + Contract 2z
g » ace - -]
- é gandafds o Life-cycle Environment Management :;::t:;:;q’h % m
£ # Technology Management + Audit and Review | © Renewal RS
* 8 Infrasturcture | + Flexibility - supply, » In-house Expertise |  Regimes g s
“ g » Space Types configuration & & Competencies > Users’ 23
& Layout disposal Expectations ”
Affordability
Strategic Facilities Brief Service Level Brief
Managing Mismatch Adjustments Managing over Time
> to next <
Demand Supply  steady state Supply Demand

Figure 3.15: REAM as managing the enabling workplace environment (Then, 1996)
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Then (2005, p.33)I at er observed: fAthe value contribution
when the property/facilities professional takes on the responsibility of continuously providing
appropriate facility solutions to business challengeso .
Kayaetal. (2006)not ed t hat an organisationds business <cy
added value that FM provides. Lindholm and Levainen (2006) developed the framework in Figure
3.16 to illustrate how decisions made at a real estate level can impact organisations and contribute
to revenue and profitability growth thus maximizing wealth of shareholders.
Core business performance level | Real estate strategy level | Real estate decision making and operation level
i Obtain current valuations of facilities
P a— Select suitable locations
al f : Manage risk associated with properties
yahe o ! Make lease/purchase decision on a facility by facility basis
assets H Redevelop obsolete properties
: Create and maintain [T-system for property management
Select locations that attract customers
Promote ! Provide space that attracts customers
-]  marketing - Make symbolic stat 1t through design and location
P and sale ! Create workplaces that support the brand
b g = i Provide environment that supports the sale
° c i
TS|« 2 E Increase ! Develop usability of the workplaces
-E, D 5 ™' innovations i Design facilities that allow innovative processes
= V4 i Emphasize knowledge work settings
_2 ! Allow users to participate in design phase
» i
s Increase ! Seek locations convenient to employees
5 i Provide pleasant working environment
= employee ] Provide functional workplace
@ satisfaction H Provide desired amenities
E | Respond quickly to real estate requests
[ |
N = i Maintain facilities to accommodate optimal operations
§ = e Increa_se i Provide environment that enhances productivity
.’; o ; productivity ! Choose convenient layouts and locations for providers
= S ° ! Design facilities that improve the creation and delivery of products
% o t Choose convenient locations for employees in separate buildings
— 1
o i Choose leasing instead of owning
Increase i Negotiate short-term leases
flexibility y Create flexible workplace solutions
i Favour multiple use facilities
! Select serviced offices
i Minimize acquisition and financing costs
i Minimize operating expenses
Reduce i Create economies of scale in acquisitions
cost + Use workplaces more efficiently
! Conduct routine maintenance
! Balance between outsourced and in-house services
! Act as a control mechanism
' Utilize government incentives
Establish workplace standards
Figure 3.16: RE supporting organisations - Lindholm and Levéinen (2006)
Jensen et al. (2014, p. 856) argued fadded value is expected to be central in the future development
of FMa Boge et al. (2018) noted the importance of early FM involvement in planning as this
determines the lifetime, value and usability of a building.
3.9 Place: the important link between facility and asset management
A key role of FMs and one in which BIM will feature heavilyismanagi ng t he &hRohehc e 6
and Lavey (2004, p. 210) ar gued FM fAhas evolved from increas
operation of the built environmento . Resear cher (0017 p. 57)eorbcs e@ ovie d : Asiort

late 1980s, FM has gradually gained a foothold as discipline and profession within the property and
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construct i @histChotibangh (20949 argued the strong links between FM and AM were
critical to wider society and the strategic planning of organisations. FMs bring vital operational
knowledge which can greatly improve AM for clients. Research by Felton, Coenen and Arnold-Moos
(2009) highlighted strong economic reasons for involving FM, especially when procuring and
constructingnew BA. T h ey ncreased will.i 0

suggested i ngness

3-5 percent, and the early introduction of FM may save annual operating costs of 20 percent.

Successful AM s a critical part of the discussion. A robust Asset Management System (AMS) enables

fan organization to realize value from assets in

(ISO, 2014, p. 1). A considered strategy for managing assets is especially critical to the bottom line,
as BA are usually the second largest cost after salaries (Douglas, 2006), and enable FMs to actively
reduce operational risk (IAM, 2015). Having an AM strategy focusing on producing good workplace
environments is seen as increasingly important by industry, to meet the needs of the users who
90 % a(8toddart, RGL6, p. 22).td$005M560s0 Oc: 0 sAtsGs e t
is one possible AMS which can deliver significant benefits to organisations. It defines an asset as:
t hing t hat has(ISP02014,p.t2), ant
nated activity o r g a (ibidzPa4). Passible key

represent of Ma n &
Afan i
AMas,icodi

benefits are highlighted as per Table 3.6.

t em, or entity or

of an rea

Table 3.6: Benefits of AM (ISO, 2014, p. 2)

Benefit

Description

Improved financial
petformance

Improving the return on investiments and reducing cosis can be achieved, while preserving asset
value and wilhoul sacrificing the short or long-term realization of
organizational objectives.

Informed asset investiment
decisions

‘Managed risk

Enabling the organization to improve is decision making and effectively balance costs, nsks,
opportunities and performance

"'Reducing financial losses, improving health and safety, good will and reputation, minimizing
environmental and social impact, can result in reduced liabilities such as insurance premiums,
fines and penaities.

“Improved services and
outputs

Assuring thvevapeﬁr'fbrrﬁgﬁﬁg of assets. EEFIESTM?&BF&VE! ‘services or p}aa(:cls that consis!é;ﬁ}ﬁ
meet or exceed the expectations of customers and stakeholders.

Demonstrated sccial
responsibility

Improving the organization’s ability to, for example, reduce emissions, conserve resources and
adapt fo climate change, enables it to demonsirate socially responsible and ethical business
practices and stewardship.

Demonstrated compliance

“Enhanced reputation

Improved organizational
sustainability

Transparently conforming with legal. statutory and regulatory requirements, as well as adhering
lo asset management standards, policies and processes, can enable demaonstration of
compliance.,

| Through improved customer satisfaction, stakeholder awareness and confidence.

' Effectively managing short and long-term effects, expenditures and performance, can improve
the sustainability of operations and the organization.

_I;nprovea-érﬁczency and
effectiveness

_ﬁévﬁv'ing and i?n%»;mg processes, procedures and és'_tsé(;erformance can-lmprove erﬁc}ency
and effectiveness, and the achievement of organizational Objectives,

Figure 3.17 i | | ust r atS®s 5tH@edBpedive of the relationship between key asset
management terms. FMs work across all of these spheres and as such are ideally placed to manage
assets.

client6s
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Coordinated activity of an
organisation to realize
Managing the organization value from assets

Set of interrelated or
Interacting elements to
establish asset
management policy, asset
management objectives
and processes to achieve
those objectives

Assets that are within the
scope of the asset
management system

Figure 3.17: Relationship between key asset management terms (ISO, 2014)

In line with the circular economy concept, outlined in Chapter 2, FMs are responsible for assets at

every stage of their life. This starts at the point of acquisition, then ensuring their optimum operation

by maintaining them appropriately until they are replaced or disposed of in a responsible way. This

Awil |l typically i nvol ve an al most continuous
maintained/overhauled and then decommissioned or demolished prior to more asset creation

act i v(BSli2®4app. V). The IAMhaveCaancéept ual Asset Mshowa mpe me n

Figure 3.18 which illustrates the cyclic nature of assets used to support an organisation.

Organisation
& People

Figure 3.18: IAM AM conceptual knowledge (IAM, 2015)
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The model illustrates the importance of i ryclegr at
Deliveryd6 is managed to reduce ORiskodé. Alltibhibs
which informs O6AM Deci si on Ma ki Thgganring and sujseqoente 6 S|
management of BA in this cycle depends heavily on good quality information. This topic and how

BIM can provide such information is explored in Chapter 5.

3.10 Chapter summary

The literature highlighted that FM is a relatively young discipline which has evolved into an essential
management function helping organisations achieve their wider strategic objectives. The
development of standards for FM are even newer and the breath of service covered means FMs
need an extensive range of competencies to manage a complex range of in-house and outsourced
services. It also highlighted gaps in the research regarding a lack of wider understanding regarding
how FMs and Asset Managers can add value and help organisations deliver more sustainable
buildings and services, especially if they are brought in early in the process of planning and designing
buildings. FM has the potential to add value to the core business by helping integrate the 3Ps; Place,
People and Processes. It is also a key aspect of creating more sustainable BA and workplaces
focused on people. The significant impact of technology and digitalisation impacting the FM industry
was touched on and will now be explored in Chapter 4.
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Chapter 4: The impact of digitalisation

The purpose of this chapter was to address research objective (a) to assess the state of the art and
identify CST important to delivering successful outcomes when using the BIM process. Specifically
it discusses the increasing impact of digital transformation on the AEC and FM industries and how
UK government policy has taken a lead in driving industry to adapt to new digital ways of working
with the aim of; reducing waste, becoming more productive and addressing many issues which have

plagued the construction industry over many years.

4.1 Empowering sharing of human knowledge

As highlighted by the UN SDGs in Chapter 2, trends like globalisation, population growth and
increasing pressure to improve sustainability and welfare for people, present humanity with
significant challenges; if left unchecked the damage will be irreversible (UN, 2019c). However, we
have the power to act as UN Under-Secretary-General for Economic and Social Affairs, Liu Zhenmin
observed: iNew advances i n sci eomisesfoaachievirtgte 203001 o0 g
Agenda for Sust ai (UaAR0LS, p.paalE Ballep Duttanaindlanvin (2016) argued
industrial, scientific and technical advancements in recent decades brought about by digitalisation
offer us the biggest hope to address these challenges. A positive effect of digitalisation has been the
exponential acceleration of technological growth in a very condensed period of time as illustrated by
(Strategic Futures, 2018) in Figure 4.1.

2007

Industrial Revolution 4
Beginning of Cyber Physical Systems

1969
Industrial Revolution 3

Automated Production
Computers and Electroni

1870
Industrial Revolution 2
Electrical Power Mass Production

1754 !
Industrial Revolution1 | ' Man on Mo

Water and Steam 1 g
to Mechanize Praduction ! i
: ]
H lephons |
V uzhte fcan
ot Stgam Erglne 2R 00 -
¢ H

1400 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050

Figure 4.1: Major technological advances timeline (Strategic Futures, 2018)
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The internet and technology have in parallel driven an explosion in the amount of information and
knowledge now available to humanity. Our connected world empowers people to collaborate and
share knowledge to address critical issues. This was recently illustrated in the unprecedented data
sharing between scientists around the world to find ways to battle the Covid-19 virus (Horizon, 2020).
The bOwoikt i6c gHullerPl882)hdéscribed that until 1900 human knowledge had doubled
approximately every century. By 1945 it was every 25 years, and by 1982 every 12-13 months. Hart
(2020) observed that, driven by computing power and the internet, IBM predicted that by 2020 the
doubling will be every 12 hours. The concept showing this exponential change was illustrated by

Michael Richey from Boeing (Herr et al., 2019) as shown in Figure 4.2.

lobs today are changing as

rapidly as technology does

Post-Information Age
Low barriars to markets

talent an formation

loT Tipping Polint

Information Age

Computerization - digital data

Industrial Revolution

Indusstrial production

1440 - 1900 1500 - 1950 1950-1%70 1970 -1980 1980 - 2000 2017

doutied o brbed

) 40 yeary 20 vea 110 years Inflyea

vt hin It mation pormation (o ating
—> y —_—8 Souhied —_— chari

2ot

Figure 4.2: lllustration of the growth of human knowledge (Herr et al., 2019)

The explosion resulted in a new phenSiratlenimando6i nf
Fazal (2012)t o t he scienti st VanAsevemaythB u(BUsth, 1945)imdginesl e s s
the 6memex6; a O6collective memoryd machine or |

address many of its problems through sharing knowledge. However, this change had some negative
connotations as explored by Toffler (1970)i n hi & ult o le . Elohsardedthat people have

limited capacity to process information and that overloading the system leads to serious breakdown

of performance. I nterestingly, the sepeopldlsothinthert i on
private and business lives are bombarded by information often leaving them trying to find ways to
make sense of it all. Bushods -lwoetks wionthimbe We;tTledr i n
Information Universe®(Berners-Lee etal., 1992)i n whi ch he acknowl edged Bu:
of inspiration for the World-Wide Web (W3).

Py

Goldman Sachs (2014) noted that cheaper sensors and an increase in discounted processing are
two key facilitators driving change.. The result has been an increase in worldwide connected devices.
Statista (2020) reports, from 15.41 billion in 2015 to an estimated 75 billion by 2025 as per Figure
4.3.
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23.14
20.35

17.68
20y 4

2015 2016 2007 2018 2018 2020 2021 2022 2023 2024 2025

Figure 4.3: Worldwide 10T device increase, 2015-2025 (Statista, 2020)

The IoT market growth shown in Figure 4.4 follows a similar growth profile; valued at $190.0 billion
in 2018 and projected to reach $1,102.6 billion by 2026 (Fortune Business Insights, 2019, p. para 1).

1102.6

[ I I I | |

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Figure 4.4: Worldwide 10T market, 2015-2026 (Fortune Business Insights, 2019)

An al most O6perfect stormdbd of conditions have now
devel opment as fAcomputing power increased by 10
storing the data has gone down by (Menonu20l8, p3par@ 0 t i
26). This is illustrated in Figure 4.5.
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A
10,000 times increase in
$12.4/GB processing power since 2000 Vi
. 10
Y
3000 times decrease in cost of 3
storage since 2000 N
.; Exponential data growth since
i 2010
y
$0.004/GB
1 03 Processing Power
Storage Cost
2000 2017 3 Data Growth

Figure 4.5: Knowledge sharing and technology development (Menon, 2018)

This phenomenal growth was eloquently summarised by Schwab (2015, p. para4): Awhen bi | |
people and devices are all connected with ever increasing computer processing power, storage
capacity, and access to knowl edge, t Ih sectiontwb will p o s s
consider the impact on industry.

4.2 IR4.0: the impact of the digital revolution on industry

We are now |living in the Fourth I ndustrial Revol
rise of electronics in the 1970s. The impact on industry has been considerable with many analogue,
electronic and mechanical devices being gradually transformed to digital technologies (Alaloul et al.,

2020). Kl aus Schwab who coined the phr as @&veétandn. 0 6
the brink of a technological revolution that will fundamentally alter the way we live, work, and relate

to one another. In its scale, scope, and complexity, the transformation will be unlike anything
humankind has experienced beforea (Schwab, 2015, p. para 1). He | at er observed
perspective of human history, there has never b
(Schwab, 2016, p. 8). Erik Brynjolfsson was quoted by the World Economic Forum (WEF) as saying:

Ainow comes the second machine age. Computers and
power - the ability to use our brains to understand and shape our environments - what the steam
engineanditsdescendant s di d f or (WER 200l5%p.P.ower O

T h e | Rdharécterisad byia fusion of technologies that is blurring the lines between the physical,
digital and b(Leeletmlg 20d& p. 1)woends slishds robotics, Atrtificial Intelligence
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(Al), BIM etc. will have profound, lasting impacts, and will transform entire industries (WEF, 2018).
However, research indicates most organisations are not well prepared for the impact of digitalisation

as noted by Kane et al. (2016)i n t h e AlignmgtoerOtr g@ ni zat i on f o.uindusttys Di
disruption by digital trends was anticipated by 90% of executives, however only 44% stated that they

had prepared for future disruption. Re por t s s uMad ea sS nmahret etlustraechow teew 6

digital transformation will drive new development of the UK economy (Dept for Business, 2017).

Academics such as Xu, David and Kom (2018, p.91)obser ved fil eading resear

fourth industrial revolution will shape the futu

order to understand its impact, we need to consider thet er m 6di gi tali sationo

examples are shown in Table 4.1.

Table 4.1: Definitions of digitalisation (various)

Source Definition

EU BIM Task group (2017, p. 8) “Digitalisation is the adoption or increase In the use of digital or computer
technology by an entity such as an organisation, industry sector or country”

Innolytics (2020, Para 1) “Generlc term for the digital transformation of soclety and the economy. It
describes the transition from an industrial age characterized by analogue
technologies to an age of knowledge and creativity characierized by digital
technologies and digital business innovation®,

Gartner Glossary (2020, Para 1) “The use of digital technologies to change a business model and provide
new revenue and value-producing opportunities; it is the process of moving
to a digital business”.

Oxford English Dictionary (2020, Para 1) | “The process of changing data into a digital form that can be easlly read
| and processed by a computer”.

IGI Global (2020, Para 6) | “The adoption of digital technologies to modify a business model. The aim is
| to create a value from the use of new, advanced technologies by exploiting
i digital network dynamics and the giant digital flow of information”

In practice people often confuse terminology. To avoid this we can refer to (Chapco-Wade, 2018, p.

3y who describes 6digitisationé, as Athe conversio
use of digital technologies and digitized data to impact how work gets done, transform how customers
and companies engage and interact, and create ne
The connective power of internet has led to the development of the IoT but there is sometimes
confusion regarding the terms; 6i nt ernet &8 and 61 oT©&. Some of t h

connection of devices as illustrated by (Goldman Sachs, 2014) in their &-E-N-S-E Fr a mgVelole k 6
4.2).
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Table 4.2: Goldman Sachs 6 £-N-S-E  F r a meg@otwiman Sachs, 2014)

S-E-N-S-E What the loT does How it differs from the internet
. Leverages sensors attached to things (e.g. More data is generated by things with sensors
Sensmg temperature, pressure, acceleration). than by people.
. Adds intelligence to manual processes (e.g. | Extends the internet’s productivity gains to
Efficient reduce power usage on hot days). things, not just people.
Connects objects to the network {e.g. Some of the intelligence shifts from the cloud to
Networked thermostats, cars, watches). the networks edge (“fog” computing).
. Customises technology and process to Unlike the broad horizontal reach of PCs and
SPECIENSE‘d specific verticals (e.g. healthcare, retail, oil). | smarphones, the loT is very fragmented.
Deployed pervasively) e.g. on the human Ubiquitous presence, resulting in an order of
EVEWWhGFE bedy, on cars, homes, cities, factories). magnitude, more devices and even greater
security concerns.

The two together have made digitalisation tremendously i mpor t ant to organisat

strategy or process that goes beyond the implementation of technology to imply a deeper, core

change

landscape now touches almost every part of our lives as illustrated by Goldman Sachs (2014) in

Figure 4.6.

Most organisations are now concerned with two key questions: which technology trends will have

to the ent

re busi

ness model and the

Industrial

Figure 4.6: I0T landscape (Goldman Sachs, 2014)

the most impact? and how can their organisations prepare for digitalisation?
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4.3 Technology trends driving change

Research by well-respected organisations such as Gartner provide useful overviews for

organisationstoconsider.Founded in 1979, they aim to fiprovide

with the indispensable business insights, advice and tools they need to achieve their mission-critical

priorities and buil d t (Gartnerr20Rah Theieannuab indsstryopfedidtiammo r r
reports are helpful wh en ¢ o nQGthedreporis cogsidérezd iwere tha n g

t

dop 10 strategi cahdédc Gditeel HiygeyCycted ewllis©h make ther edi

coming year. Table4.3s hows a summary of the | ast 4 years®o

Table 4.3: G a rTopnlé stratepic technology trendsé(including trends 2017-2020)

Year Gartner predicted top strategic trends Year | Gartner predicted top strategic trends

Al Foundations.

Intelligent Apps and analytics.
Intelligent Things.

Digital Twins.

Cloud to the Edge.

Conversational Piatforms.
immersive Experience.

Blockchain.

Event-Driven Model

0. Continuous Adaptive Risk and Trust,

2017 @ 1. Applied Al and Advanced Machine Learning. | 2018
2. |Intelligent Apps

3. Intelligent Things

4. Virtual and Augmented Reality.

5. Digital Twins.

6. Blockchain and Distributed Ledgers.

7. Conversational System.

8. Mesh App and Service Architecture.

9. Digital technology platforms

10. Adaptive security architecture

A ODNDU S WN -

2019 | 1. Autonomous Things. {2020 | 1. Hyperautomation.
2. Augmented Analytics. 2. Mulli experience.
3. Al-Driven Development 3. Democratisation
4. Digital Twins. 4. Human Augmentation.
5. Empowered Edge. 5. Transparency and Traceability.
6. Immersive Experience. 6. Empowered edge.
7. Blockchain. 7. Distributed Cloud.
8. Smart Spaces. 8. Autonomous Things.
9. Blockchain 9. Practical Blockchain
10. Smart Spaces 10. Al Security

The relatively newt rend of o6digit al in Wable 4.3 ard Jery ignpoktantg Evéne d

though the concepts of BIM and digital twins are distinct, they are also closely linked in the context
of construction. The BIM process has become the standard way of collaboratively delivering
construction projects, and generates the critical digital information and data which FMs need for
optimising and running BA in operation. However, the BIM models and data are static in nature,
whereas the purpose of a digital twin is to providea 6 d y n anodelcTis is usually achieved through
the use of sensors linked by the IoT, that provide real time information about a building and its

associated systems, allowing more interaction between people and physical assets.

The important link in the research, is that in the context of construction, the next logical step is to use
the static BIM models and data created during construction as the basis for creating more dynamic
digital twins. These can then be used (and evolved) over the whole-life of BA to provide real time
information allowing for data modelling, simulations, and the development of new services to
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enhance users experiences in buildings. In practice, FMs will use both BIM models/data for reference

purposes and digital twins for more real time task-like building maintenance systems.

However, today many of the sensors that could better enable the digital twins are an afterthought
and are installed as a detrospectivedfit-out. In the future it is likely the design process will include
specific stages where the development of BIM to digital twin is actively considered in the planning
stages. This could include proactive consideration early in the planning phases to review what |oT
and sensors should be fitted to enable the digital twin to evolve from the BIM process. The result will

generate data that can be actively analysed and used, for example, for predictive maintenance.

It should be noted that digital twins can also be created using other data capture techniques (e.g.
laser scanning or photogrammetry), but where BIM is used it already provides a rich data source
which is available for the natural development into a digital twin for use over the life-cycle.

Research by Lamb (2019) for the Centre for Digital Built Britain (cdbb) considered 850 academic

papers discussing digital twins: 96% were published since 2016. Sheaddedfii n t he bui |t e
the use of digital t wi ns i s Thaysgpeatedcigthenreports: @017 o t a
(Panetta, 2016); 2018 (Panetta, 2018); and 2019 by Clearly and Burke (2018). Although not listed in

2020 they were highlight edopildStratdgie TeGaalogynTesnds fere ar |
202Whichwas t hemed -aemtric Bnpad sppckse i.e. considering how technologies will

af fect (Qearteyy RPORE p. 2). He noted digital twins are strongly linked to other trends.
OHyperautomati ond examines the concept for the 0
the interdependence between functions, (bdrppiesses
For the trend O60EBErdmpeawerdfed mEdaged i ple digital twins

view across a numberofrealwor | d entities such as a32power pl an

So, what is a digital twin? Shaw and Fruhlinger (2019, p. para 3) described it as fa digital
representation of a p rarrett ancaWarshaly (2812, tp. 3p exparddgdsthise mo .
suggesting they mirrorreal-l i f e obj ect s, processes o0or systems
digital profile of the historical and current behaviour of a physical object or process that helps optimize

busi ness p eHofvaver, MaonZhamgand Nee (2020) noted the concept is not new having
originated f rllopoghdhSADIsi Agptoe 6t wi nsd of space veh
the one in space with a replica on earth to allow scientists to mirror conditions and test scenarios.

The model shown in Figure 4.7 from (Roper, 2019, p.paral3)i | | ustrates how a di
the buildingdés data from al/l sources, i nsystemsl i ng
(which Integrated Services Platform forms part of), and it adds the missing data pieces. Namely the

people and processes aspects, to give us a full
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» BIM/AIM « Building sub-systems
» Digital asset register Building + Systems Integration
* Geolocation system — e Integrated services platform
» Asset lifecycle layer * Two-way data flow (automating
» O&M data (static & dynamic) automation)
Physical s 2

Asset Digital Twin s

Layer
« People flow e Operational process flow
» Behaviour & emotional modelling Enterprise o Business model flow
s Wellness & productivity 3 layer ¢ Building portfolio data
» Experience management * management

« Financial models

Figure 4.7: Visual representation of a digital twin (Roper, 2019)

Gartner (2019) reported that digital twins will be implemented by 75% of organisations using loT

within a year due to their popularity skyrocketing. The market is expected to grow very fast from $3.8

billion in 2019 to $35.8 hillion by 2025 (MarketsandMarkets, 2020, p. para 1). Their key benefit comes

as a way to analyse fAidata and monitoring of syst
prevent downt i me, devel op new opportunities and
(Marr, 2017, p. para 2).

Technologies and applications are graphi(0ad.ly r
demonstrating their relevance in capitalising on new opportunities and resolving real business issues.

Figure 4.8 illustrates the hype cycle concept which has been adapted to illustrate the development

of digital twins. The curve shows in 2017 they w
2018 they had already reachdad otnlséd . 6 AFehaek 6orfr olumfhl a
is where people doubt the real potenti al of a

indicates the point when a technology enters mainstream industry use. Organisations are obviously
keen to invest in technology which reaches this plateau and not ones which become redundant
before reaching the stable plateau. The Gartner 2017/8 predictions were that digital twins will become

mainstream somewhere between 2022 and 2026.
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Expectations

Peak of Inflated
Expectations

. 2018 Prediction

. 2017 Prediction

' Plateau of
. Productivity

Innovation Trough of
Trigger . Disillusionment
Time

Figure 4.8: Hype cycle (Gartner, 2020) adapted to show digital twins in 2017/8

With respect to a National Digital Twin (NDT), Lamb (2019, p. 8) notedt h a't
twins could be created within networks of service-based assets, such as healthcare facilities or

transp

Another popular buzzword is Property Technology (PropTech). T h e
being developed for the property industry, and it uses information technology (IT) to help property
| and(HgO, 8020, pp. parama k e

owners
5).

The

repopfTedh

ort , i n

, property

order

manager s,

2020:

to coordi

t h e (Uhivetsity of ©xfardf Reseagch, [202@) astdahe e 6

Gartner Hype Cycle to assess the maturity and time period for several technologies they considered

nat e

and

ser vi

i dea

to be most likely to succeed in PropTech markets. The findings are shown in Table 4.4.

Table 4.4: Maturity of PropTech technologies (University of Oxford Research, 2020)

flecosyst ems

ces

encapsul at e

Hype Cycle | PropTech application Position Time until plateau of
productivity

2018 | Augmented reality __| Trough of disillusionment _5-10 years

2018 Autonomaus driving (level 5) Innovation trigger More than 10 years

2018 | Smart workspace | Peak of inflated expectations 5-10 years

2018 loT platform Peak of inflated expectations 5-10 vears

2018 Digital twin Peak of inflated expectations 5-10 years

2018 Blockchain Peak of inflated expectations 5-10 years

ftrough of disillusionment cusp

2018 Flying autonomous vehicles Innovation trigger More than 10 years

2018 Virtual assistants Peak of inflated expectations 2-5 years

2019 Immersive workspace Innovation frigger 5-10 years

2019 | Flying autonomous vehicles Innovation trigger More than 10 years
| 2019 Light cargo delivery drones Peak of inflated expectations 5-10 years
2019 | Autonomous driving (level 5) | Peak of inflated expectations | More than 10 years

2019 56 Peak of inflated expectations 2-5 years

2019 3D sensing cameras Trough of disillusionment 2-5 years

2019 | Decentralised Web | Innovation trigger More than 10 years
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Digital twins are seen as increasingly important to governments. Gartner (2019a, p. para 2) predicted
their use in planning and strategy to develop fim
water syste m, t hat all ow agencies t o mahhaygsaggesteddin ittdcsr a
trend thatodéds expected to have a transformational
(ibid). Figure 4.9 s h o ws GadrtheeHype Cycle for digital government technology i 2 0 1 9 which n

we see the maturity of various key technol ogies |

Twins of Governmento6 appearing as an o6l nnovation

Chatbots

Customer Engagement Hub
99 Conversational User Interfaces

Smart Workspace

Smart Robots _. Citizen Digital ID

Digital Government Machine Leeming

Technology Platforms
Al Developer Toolkits

Blockehain in Government

Data as a Service
Event Stream Processing

Robetic Proces Automation Offerings
Data Marketplace g
Voice of the Customer

LS

/ Cloud Office

5 4 IT Risk Management Solutions
) Outdoor Location Intelligence
Predictive Analytics
Microservices Cloud Services for Government
Cloud Access Security Brokers
Full Life Cycle APl Management

Cross-Agency Case Management

loT Platform

Expectations

Digital Twins
of Government

Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
o
Time
Plateau will be reached:
less than 2 years ® 2105 years ® 51010 years A more than 10 years ) obsolete before plateau As of July 2019

Figure 4.9: Hype cycle for digital government technology (Gartner, 2019a)

Panetta (2016, p. para 14) reported Cearley f r om Gar t ner s ay iishfa bilfodsiofgi t al
things in the near future. Potentially billions of dollars of savings in maintenance repair and operation
and optimized | oT asset performance are on the t
achieved, Cearley (2020) noted the digital twin will be the key trend which will make these savings
possible. Indicative research shown in Figure 4.10 by Lamb (2019, p. 12) around the maturity of use

by various industry sectors found their use in the built environment is growing.
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® Asrorpace, aircraft manufactunng and defense 29 (6,.3%)

o Built ervvironment 26 (5.6%)

e Energy 22 (4.7%)

Education 16 {3.4%

o Manufacturing 226 (45.1%)

v, medidae and
venre 13 12189

ative manufacturing 9 {1,5%
Logistica 9 (1,99
* Ofshore 8 (1.7%)

Design 91(1.9%)

® Other 71

Inclading autonomous vehicles, recycling/waste, services
structural engineening, geoengineering, management
mechanical enginesiing chemical engmeering,

electrical engineenng, ultraprecsion engineering
matarials engineering, robotics and ganeral)

Figure 4.10: Use of digital twins by industry sector (Lamb, 2019)

Their impact will be significant to RE and FM as ARUP (2019, p. 85) noted,t he Aar gument f
a digital twin of a built asset i s c oSemans (R0Ol& go .
p.3ynot e: ABI'M is used to virtually simulate a phy
However, the idea is not limited to one building and is being extended to whole cities
(Smart.City_Lab, 2019). For organisations wanting to create digital twins of their BA it is important

they understand that BI M wild.l be used for dédnew b
can be used for data col | 281 iMddelling argphotogoachedtry anch g e .

new approaches are being developed all the time.

4.4 The impact of technology on the construction industry

As discussed in Chapter 2, and observed by WEF (2016, p. 3), in the face of growing pressures of
globalisation, cli mate war ming, popul ation growt
obligation to transformo and digitalisation and
impact will be wide and far ranging as Berger (2016) observed; it changes the whole of the
construction industry from builders to manufacturers. Companies will have to address the challenges

or be Il eft behind. He we ontindustry players agreéedthatdigizétiononll ¢ o n
af fect every processo (ibid, p3). I n t hOestereiehct i o1
and Teuteberg (2016, p. 126) observed, iBl M i s ¢ o n s icahteal tectnolags for tthi e

digitisation of the construction manufacturing e

The potential savingstothe ACEIFM i ndustries will be substantial
scale digitalization...will lead to annual global cost savings of 13% to 21% in the design, engineering

and construction phases and 10% t o TIhe%ansfomaivee op
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Power of Building Information Modelingd(Gerbet et al., 2016, p. 10) suggest ed fiby
global cost-saving potential in non-residential sectors will be $0.7-1.2 trillion in design, engineering,

and construction and $0.3-0.5 trillion (10-1 7 %) i n t he operationso.

Research regarding the impact of various digital trends by Alaloul et al. (2020) investigated 160
construction companies to assess the maturity of specific trends. The evolvement of technologies
such as virtual, augmented and mixed reality is behind other fields, e.g. modularisation, cloud
computing and BIM, which are developing extensively. Their findings in Figure 4.11 highlighted
Social Media and BIM had the highest use.
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Figure 4.11: Use of technologies by the AEC industry (Alaloul et al., 2020)
Other research by the Altus Group (2019), of 417 individuals in RE development firms, reported the

top three technologies likely to cause maximum disruption were: smart building technologies, pre-

fabrication (modular construction) and BIM as shown in Table 4.5.
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Table 4.5: Top disruptive technologies to the RE industry (Altus Group, 2019)

NO OR ONLY ednnc kS WILL CREATE MAJOR
MINIMAL IMPACT SEHACANTIACY CHANGES
ONDEVELOPMENT || ONEFFICNCESAND | \.¢ peveLOPMENT

INDUSTRY CONDUCTED INDUSTRY

8% 42% I 49%
16% 34% 49%
10% 42% ' 47%
32% 32% | 34%
30% 7% 30%
36% 36% ‘ 28%
56% 22% 22%
54% 26% ‘ 20%
45% 34% ‘ 20%
65% 19% 16%

Research by Singh (2018) bas ed t h e ShEpryg the &yiuoer of Colstruction a
Breakthrough in Mindset and Technology6(WEF, 2016) rated the likely impact and importance of

on

new technologies and global drivers on the future of construction. Table 4.6 summarises the findings.

Table 4.6: Likely impact/importance of new technologies in construction (Singh, 2018)

New technologies Global trends
Impact Likelihood Impact I Importance
Integrated BIM *  Integrated BIM * Energy and chmate change * Eneargy and chmate change
Prafabricated bulkeing *  Wireless monneringloT * Agng and need infrastructure | »  Aging and nead infra
components * 3D laser scanning « Complex projects * Complex projects
Real-lime mobile * Real-time mobile collaboration | »  Funding and investment gaps | «  Resource scarcity
coliaboration * Prafabricated building * Talent shoriage
Advanced projct « Coruption
planning ol
Wireless monticrngioT
3D peinting of components | «  Drones * Rasource scarcty « Funding and Investment gaps
Self-boalng matenals *  Augmented reality « Regulatory requirements * Talent shortage
New active malenals *  Advanced planning tool e HSE and labour laws « Comupton
Augmenied reality «  Advanced buikiing material *  Urbanization and housing *  HSE and labour laws
3D laser scanning cnsis o Urbanzation and housing
* Agng workforce crisis
*  Goopoliicat uncertainty *  Aging workforce
o PSS TI LRSS Tryy *__Geopolitical uncertainty
* Contowr crafing of * Contowr crafiing of buidings *  Cyderthreats * Regulatory requremants
.
.

buildngs * Sall-heaing matenals Inhabitant heatth and comfort Cyberthreats
+ Drones needs inhabltant nesith and comfort
+ By dats analytics *  Slakenoides pressure needs
| » Stakeholder prassure
I nterestingly, Singh observed, ABI'M appears to

advancements in digital construction, whether it is incremental advancements toward design and
construction management or more radical advancements toward robotics or direct digital
construct i okeyptecknbldgiesdwere po@sjdered by Gerbet et al. (2016) over the whole-
They it he
transformation is the software platform and control layer, which consist in large parts o f
p4).

feat
Mo (i

life-cycle of a BA as shown in Figure 4.12. not e key

Bl
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PLANNING AGN AND ENGINI CONST ]
« Life cycle ntegration »
8ig data and analytics o !
Simutation and virtual reality GG Mobile interfaces and augmented reaiity []

sy 4

Sensors and
equipment

éybefsocumy

Figure 4.12: Impact of technology over a BA whole-life-cycle (Gerbet et al., 2016)

Industry groups like the EU BIM Task Group (2017, p. 8) suggested the introduction of BIM
firepresents the constructi on sWH-{(2016)agee ming 8IN is
the technology-led change most likely to deliver the highest impact to the built environment sector.

They describe possible applications of BIM over the whole-life-cycle of BA as shown in Figure 4.13.

>

uonesBajul AB0j0uyoaL

Y

Operations Building information | Integration of Design and
support for renovation <\ ¥ field data from engineering
and termination A, laser scans
“?.@" Parametric %6, :
Data platform for & Data repository for
condition monitoring <— @ j ,—> analytics-
and predictive S tability and optimized design
maintenance clash
Storage, analysis
Data repository maintenance - . !& Model input to
ility- d utilizati ool i i
for facility- and 3 anof g'.:“d?n;n Coordination SIm.uIatlon and
asset-manage- < ¢ : : of design rapid
information . Design JLaes) )
ment systems -g ‘i‘_ Life- disciplines prototyping
3 cycle  anayss a
o . Integrated ;
Platform for design- ,Da‘a dghvery/
virtual handover <—> o~ 4 construction <«—> ntegration for
- ot process performance
and M\, Construction Fabrication 4l anisljecs
EOmImISSIoning Continuous Construction
system integr. planning and
9cross. i scheduling
Data exchange with parties /' ~tion of mg:'r;':t'l‘;n ) Data exchange with
construction-monitoring <« & subcontr. rich "~ project-management
and surveillance tools . and suppliers|  tanders tools
Model input to automated and Model input to prefabrication and
autonomous equipment . additive manufacturing
Construction

Figure 4.13: Applications of BIM over the whole-life-cycle of BA (WEF, 2016)
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4.5 The rise of smart buildings and cities

The cdbb (2020, p. ) nhot ed @At he purpose of infrastructure
figchnological advances are empowering wide ranging digitalisation of RE and leading to the creation

of smart buildings and cities. Interestingly Roper (2019, p. para5)ar gues b ot hsetafrae a
digitaltwino. She perceived a O0smart buil di n-dridenlusdingia c o
personalized andfinet uned f or speci f i cGemaltd (20@0n® gacta 3), ddderibede a s |,
a Osmart cityd as nfa framewor k, predominantly
Technologies (ICT), to develop, deploy, and promote sustainable development practices to address
growing urbanization challengeso Optimisation is possible stated Desjardin (2019). through mobile-

based applications, and the use of low powered sensors and wireless networks. These sensors
connected to billions of devices and with digitalised processes will allow vast amounts of data to be
collected and acted upon (Fraunhofer-Gesellschaft, 2019). A key aim, argued Ghaffarianhoseini et

al. (2016), is production of intelligent building designs and smart infrastructure to help maximise
occupant s 6 c oebeifigpandproducedustaieablé designs. The smart city concept and 3D
models are already developed by companies working with for example the open data model

6Ci tyGML 6 (O6C, 202@).arhede include firms like Virtualcity-SYSTEMS (2020), Sanborn
(2020), WRLD (2020) etc.

The cSIbar té | nf rrepatt(Bowecstetak, 8086, p. ) pr edi ct s : ismart i n
global opportunity worth £2trn-4 . 8t r n o . The report o ut L14, nviich ist h e

achieved by ficombining physical infrastructure with
i nformation to enable better decision making, f a

PHYSICAL DIGITAL
INFRASTRUCTURE INFRASTRUCTURE

Transport Sensors

Energy Internet of things
Water Networks
Telecommunications BIM/GIS

Waste Big data
Machine learning

All the physical assets
aszociated with these sectors etc.

Figure 4.14: Smart infrastructure concept (Bowers et al., 2016)

Berlin (2018) noted activities carried out on a daily basis will be transformed by smart buildings.

Research by Buckman, Mayfield and Beck (2014) suggested the concept of smart buildings will
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develop with technology to the point where we have predictive thinking buildings. Their ideas
illustrating development concepts are shown in Figure 4.15.

Time
Bullong
Category Intelligent Bulldngs Smart Buldings Thnking Buldings
Control Flow Roactive Adaptve Prodctive
Comfon
ang Effoency Systems and data integration Entarpries integration and bulkding Undetined/Ambiguous Data
Intormation Input a3 a systom approach
Occupant
Interaction and More controd, higher efficiency Inherent control, gher efficlency Predctive control, higher efficiency
EMiciancy
Further ntegration using
w ! F h A
o | | oo oo | | s, apaiobukang | - | 1 oo o e
structune with reactive lantums.
Jnteraction of Ability 1o react 10 cocupancy Building operation defined by and Effective operation based upon
Operation whh data in real time adaplod to building occupants predicted use by occupants. for &
Qccupants specified unction

Figure 4.15: Smart buildings evolution - Buckman, Mayfield and Beck (2014)

In summary we can see technology and digitalisation offer many opportunities to improve and
address the issues facing the industryé kck of productivity, innovation etc. as discussed in Chapter
2. We need to give credit to the Government which has played a key role in driving change by

incorporating digitalisation into wider government strategy.

4.6 The UK Government strategy for digitalisation in the construction industry

The Government has recognised the importance of digitalisation as highlighted in th eTrafisforming
Infrastructure Performanceé r gIpA 2017,p.4)whi ch stated: #ALifting
one quarter of one per cent a year, on a sustained basis over 10 years would add £56 billion to GDP.
Infrastructure investment can help increase our national productivity, which is why we have made it
acornerstone of our national economic planbo.

Examples of incorporating digitalisation in their strategic planning to drive change across industry

canbeseeninth eDiégi t al Bui | twhBrciht aniont eSdt:r afitoeugry s oci a l
ismat ure and in need of extensive maintenance,
(HM Government, 2015, p. 8). |t goes on: Aour facilities

integrated, to the point where their reliability often determines their capacity, stifling economic growth
and social wellbeingo (ibid).
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The | @dverrsnent @onstruction Strategy: 2016-20206(1PA, 2016) noted that the use of digital
technology facilitates innovation and waste reduction through collaborative approaches. By
capitalising on these approaches and a better understanding of construction related data the

Government envisages more efficient delivery of construction projects through the use of BIM.

This commitment was further IrnediunsftorricaeldfiSvar atthesg y@m
sure our infrastructure choices not only provide the basics for the economy, they must actively

support our long-term productivity, providing greater certainty and cl| &Mr st

Government, 2017, p. 127). The sulppdwustimigald Strategy: ré&ormnst rt
reinfforcedt he i mportance: ithe | ife ofy etvheea yc gresrtsrownc tii
(HM Government, 2018, p. 6). It added theyw i | | invest heavily in fAdigit

sensors, data analytics and smart systems technologies and the information management

landscape; whi ch wi || increase the efficiency of cons

Importantlythesust ai nabi l ity issues raised in Chapter 2 a
from the costs of construction to the costs of a building across its life-cycle, particularly its use of
energyo (ibid, p7).

This support regarding digital infrastructure is critical to industry if the UK is to be in a leading position

in the new digital worl dheAs$l oaal benfserematfirom T
(Knoema, 2019), the UK is doing well but is behind other nations. The report ranked the UK eighth

on the ONetwork Readiness | ndeSingapdareNRinlandBfSwetleh3 ¢ 0 L
4-Norway, 5-United States, 6-Netherlands, and 7-Switzerland.

The Government has committed to support essential researchcentredar ound t he c¢cdbb t
the adoptionof UKBIMst andar ds overseas, and develop coll at
(i bid, p20) . Ex amp | e $he GdminicPdrtiplesow orr éby Baltdie, [Enzer @nd 6
Schooling (2018) lays out key principles for national development of digital twins; and $Snmag 6

I nf r as treportc(Bowarseebal., 2016) illustrates the need to bring technologies together and

focus on data quality not quality as illustrated in Figure 4.16.
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Improved
decisions

Improved
™ insight

Buiwieay

cleaning structure storage

Customers Activities

Data Data from multiple sources -

collection

Figure 4.16: From big data to better decisions (Bolton et al., 2018)

According to Dr Li Wan from the University of Cambridge the cdbb vision is that digital twins will:

become the next-generation tool for smartening city planning and management. It is crucial to
use digital technology to deepen our understanding of cities and urban societies. This knowledge
will enable us to take advantage of opportunities, while recognising limitations and taking pre-
emptive measures to contain the possible risks (CSIC, 2019, p. 27).

The Gover nmdenTtrdbasn sf e p i n g i nfr as t(IPAJ Q1T rneted pghatr f o r |
government decisions on what to build, and where will be driven by a built environment management
landscape and digital twin of real world estate. Whole-life performance benefits will be maximised
through refurbishing, maintaining, replacing and disposing of existing assets. Importantly, the
Government has recognised manufacturers are a CSF and must be included in the wider
discussions, as digitised product data forms an essential starting point for digital solutions and wider
digital strategies. UK BIM Alliance (2018) suggested this is central to the manufacturers marketing
andsurvivab,and t he PWDigtalFapgoiotri @s 2020: shaping notdse f u

many factories are fialready i n(Gassbaderreal., 2020,p.8). | i ng

4.7 The impact of digitalisation on facility management

Like the AEC industry, Atta and Talamo (2020) argued, the transformation of FM with regard to
practices, processes and tools has meant FMs have had to adapt to the impact of IR4.0. The where,
how and when as wokenvironnientphave ghingesl dramatically and been redefined
by digital technology, suggested JLL (2016). This is driving profound change in the FM industry as
Stoddart (2016, p.42)obser ved: Atechnology is an enabler of
are just ar oun dKazadoe Kaegiz and Eskidioglf (ROA9) abjerved today® buildings
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are high-performance and more commonly are equipped with sophisticated monitoring systems,

which combined with sensors to collect large amounts of data, will provide detailed overviews of

buil dingsd indoor envir onmentMeyrathQ208] pi 2) syatecthatthee n e r |
l oT has fcatalysed FM into a new e reagbledjalowimghi c h

communication from all sorts of devices so they

We already take the internet for granted and soon we will not be able to imagine the world without

the 1oT. A concept first conceived of by (Weiser, 1991)i n  h i sTheCompater ofdhe21Cent ur y 6
and then coined by Kevin Ashton (Claveria, 2019) IoT is central to delivering new services in FM as

Atta and Talamo (2020, p. 269) noted:

The 10T is rapidly becoming one of the core technologies of the digital transformation of the FM
sector because of its capability of connecting building users, building components and services
merging the physical and virtual worlds and letting them communicate through intelligent digital
interfaces.

Sensors and 0T provide FMs with new opportunities to provide better operations management, cost
savings and proactive maintenance (Meyrath, 2018). Bauer, Patel and Veira (2014) noted that 10T
platforms are easily connected to data analytics platforms, informing decision making; as a result our
workplaces have become increasingly dependent on technology. Rossall, Armstrong and Dunn
(2018) argued concepts of flexible workplace are changing the way buildings are being used. Often

what is important is no longer just the office building, but where and how people want to work.

Research by JLL (2016) suggested that new technology within the digital workplace facilitates FM
by allowing them to engage in more strategic roles to improve services. By improving spaces and
facilities within the business model through FM advice, companies have better chances of attracting
and retaining top talent. Other research by (CBRE, 2017) highlighted that 75% percent of FMs

thought that key to achieving strategic real estate goals was having better quality and accurate data.

In Chapter 3 we discussed the wide range of competencies needed by FMs. In a similar way they
are increasingly faced with a complex mesh of digital technologies, (most of which are not integrated),
which they need to be familiar with as they support modern FM operations. Research by (Ebbesen,
2016) illustrated this complexity as shown in Figure 4.17. He grouped the plethora of technologies
into seven different use areas for FM.
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Data Inter- Workflow Facilities Sensor, Mobil Field Communi-
Repositories/ operability Systems Intelligence and Real Time data cation
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Figure 4.17: Technologies being used and implemented in FM (Ebbesen, 2016)

An emerging theme highlighted by the McKinsey Global Institute (2015) is interoperability. Enabling
integration of data from 10T sensors and building systems will empower managers to gain valuable
insights. The value of data and data analytics is becoming increasingly important and technology
allows a way of bringing real time data into the decision-making process. This is supported by
research from the McKinsey Global Institute (2015, p. 107) which suggests organisations making

dat abased de&i% imomse gprediuuxti veod.

The IBM report De8criptive, predictive, prescriptive: Transforming asset and facilities management

with analyticsé(IBM, 2017, p.5)suggest s t hat HfAan organization t hat

its reporting capabilities can improveitsROlI by 188 percentdo. This align
e.g. Araszkiewicz (2017, p. 1035), who carried out a literature review (2010-2016) focusing on the

impact of digitalisation on FM, in which she not e d : Aithe evolution of dig
applied in FM is oriented towards integration wi

Other research by Wong, Ge and He (2018) reviewed literature (2004-2017) and categorised the

most important technologies impacting FM into four areas:

BIM
GIS
IoT (i.e. RFID and sensor network technologies)

A wDd P

Reality capture technology (i.e. point cloud, photogrammetry, 3D laser scanning)

Their findings are summarised in Figure 4.18.
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Building Information Modelling (BIM)

Enhance the interoperability of date from as-designed to as-bullt data
for FM purposes

Establish clear standard prot L OF guldelings for system integration

. between different software f

and between BIM and BMS)

Geographic Information System (GIS)
¢ |mprove interoperabliity of GIS-BiM
ability, Including spatial, tepnporal and infor mational data

-automat tomatic data format conversion
etween BIM and GIS

Digitised

FM
Internet of Things (loT) (radio frequency identification (RFID)
and sensor network technologies)

Improve accuracy of read range of RFID

velop the ability to read from target with different surfaces

Enhance data storage and management capability

Reality Capture Technology

(Point Cloud, Photogrammetry, 3D Laser Scanning)
Enhance accuracy of colour information
Improve information extraction of property companent surfaces
Imp atcuracy of data capturing and object recognition

Localisation accuracy with new algerithm and sensoring technologies

Develop automated equipment identification and data capturing

Figure 4.18:Wong, Ge 018) futdre digtal technology research roadmap

FMs need analytical solutions to efficiently manage and analyse the data from 0T sensors and other

data sources, argued Assuncao et al. (2014).

They maintained data mining and analytics, will help FMs achieve objectives. Added benefits are
cost savings; informed and improved decision making; increased revenue; better service quality and

delivery; and improving the workplace experience for employees.

The importance of BIM models is noted by Ahmed et al. (2017), whi ch Acan prese

visualisation platformford at a mi ni ng and Bi g Data analyticso.

It is important to consider how people fit into this picture and how data can be collected to create
better user experiences of a building or workplace (JLL, 2019). They argue digitalisation has a strong
part to play in making employees feel happier and more engaged, reducing the number of days
people are sick, and providing service solutions that help reduce employee turnover and improve
retention rates. Locatee and Memoori (2019) noted t h at Abuil ding owners ;
becoming far more interested in increasing occupant well-being and productivity. This is resulting in
an increasingly complicated l andscape of Smart
Afundament alcapalbi lbiutiess oenabl ed by digitization

(ibid, p5) as shown in Figure 4.19.
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Figure 4.19: FM attributes enabled by digitalisation (Locatee and Memoori, 2019)

FMs are now seei ngBoag(2019)i This is seking jorganisatiorsyloekdto enhance
user experience within a building (poi "™aex@mple) of
of a digital journey by one of ZHAW BSc students is shown in Figure 4.20.
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Figure 4.20: Typical digital experience journey map (Sema-Der, 2020)
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4.8 The need for organisations to develop digital strategies

The trends discussed have led to organisations thinking about digitalising their RE portfolios. As
smart buildings and cheap sensors become the norm, the ability to report on the state of all systems
within buildings will offer a significant step-change in how buildings and RE can be optimised. This
will revolutionise the way we operate our RE empowering more efficient working, allocation of space,
and pre-emptive maintenance which will avoid breakdowns and prolonging equipment life. Saxon,
Robinson and Winfield (2018, p. 32) noted the next step will be the addition of Alwhich, wh en fAadde
to the analytics in the smart system, f{fopemteWwitni | di

occupants and | argely automate building operatio

Having a well-developed digital strategy for BA with access to data (live and static) will enable FMs

to better optimise their operation. This was r ef
could release an additional £7bn per year of benefits across the UK infrastruct ur e s @®elditte,r s 0
2017). However, Bauer, Patel and Veira (2014) and Yeates (2015) noted that what will determine

the ROI, and added value for RE, is the ability to integrate the data from loT devices and extract

i nformation needed. The WEF suggest organisation
face of anticipated di sWHF2018omH9).t d htelye irre cloumsniemel s
should also include embracing digitalization to foster rigorous use of data and digital models, as well

as adopting other advanced t edhfromthe\WHFélsstratesthegc al e

recommended generic model with process steps to help organisations.

Review Maximize use
product of data and
portfolios and TR digital models
embrace new =L throughout
businesses b processes

OO

Integrate and Adopt
collaborate across advanced

Capture new the value chain technologies at Dlgltahze
opportunities R processes

Figure 4.21: Key steps on a digitalisation journey (WEF, 2018)

However, Simpson and Carlton (2019) suggested the digital transformation of the built environment

will be a significant undertaking, and organisations need time to develop an approach that is right for
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them within the limits of technology and their budget planning. Mott MacDonald (2018) reported most
owners have multiple, piecemeal RE strategies across different parts of the business that include
digital elements (such as BIM, information systems and data strategies.

Meyrath (2018, p. 2) noted significantbene f i t s of the | oT to FM: dgreat
and maintenance ecosystem eliminates inefficient processes, driving more informed repair and
replace decisions with a desired i mpact-mantoringhe b
assets facilitate pre-emptive maintenance, with everything from heating, ventilation and air
conditioning (HVAC) equipment to lighting, as well as food and beverage dispensers reporting on
their respective 422ikustratés sqme bfithd penefitsto djfierent stakeholders
(Siemens, 2018).

User

Tenant

Service provider

High emplory
catifacton
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Today Future

Figure 4.22: Digital twins driving opportunities for stakeholders (Siemens, 2018)

However, with this increased digitalisation FMs and owners are facing new challenges. Their BA are
becomi ng -likeoimthe sénseTof being instrumented, intelligent and interconnected and this
convergence of physical and digital infrastructures makest hei r management incr e
(IBM, 2017, p. 3).

As Stgre-Valen (2019,p.1)r ecogni sed, a major challenge fAis to
that does naot thwaivned &rdeipgrietsent ati ond. The i mportan
in Figure423which il lustrates O6in developmentd BA (nev

against those (IRA20¥gady &éin usebd
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Figure 4.23: Infrastructure in use and development (IPA, 2017)

It is not possible in this chapter to cover all the methods of digitalising existing BA, but Stojanovic et

al. (2018,p.270)not ed Acurrent approaches for

capturing t

and photogrammetry-based methods allow for the creation of 3D point clouds that can be used as

basis data for a digital twino .GRESB (2020) suggested the following steps for organisations

considering the digitalisation of the RE (Table 4.7).

Table 4.7: Suggested steps to digitalise a RE portfolio (GRESB, 2020)

Steps | Actions to follow in digitalisation process for RE

supplier's user account).

1 Take stock of existing data and missing data: according to the organisation’'s RE
strategy . This will allow people to identify the available data sources and determine
how to find the missing ones (e.g.: retrieve missing consumption data directly from

information and save time in their exploitation.

2 Aggregate and harmonize all data: in a single solution to facilitate access to

organisation has complete data before using it.

3 Make data reliable: by assessing its quality based on its source and making sure the

4 Cross-reference and analyse your existing data: using appropriate tools to meet
your objectives: setting up an energy management approach, regulatory compliance,
ESG reporting, responding to a request from your Property Manager, taking voluntary
initiatives to enhance the extra-financial performance of your assets, etc.

Parrott and Warshaw (2017, p. 7) arguedthatt he f ocus needs t

will be required across the life-cy cl e of the asset wunder

to the fore.
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4.9 Core capabilities required for the next decade

Work for the cdbb, carried out by Turner Harris, provides a 10-year horizon on core outcomes that

wi || Asupport t he UKG®G s-pedorngng,avalue-addgnygi 8 n6 fHadsspr u bt

2019, p. 19). A visualisation of these ideas is presented in Figure 4.24.

ASSET INTRODUCTION & FINANCE

ENGINEER, PROCURE AND CONSTRUCT

Projects are conceived and delivered with the full lifecycle
in mind, using digital (BIM) methods;

Digitalised collaboration on a single platform from
conception / funding / design through to delivery is
commonplace;

Investment cases are predicated on lifetime value, driven
by digital simulations of Return on Investment as standard

Industries share data and knowledge readily and through
known, transparent channels;

There is mainstream use of big data analytics, Al and
machine vision in making investment decisions and
protecting assets.

* The owner procures the physical and digital item at the
same time, under the same contract;

= ‘subscription’-style supply and maintenance of physical
and digital assets is commonplace, and a recognised
procurement/supply model;

® The procuring entity has full confidence that their
functional and information specification will be met by
the contractor, and legal protections to support them;

® The progress of construction is updated in real-time
(smart sensors, drones, wearables);

= Rework is dramatically reduced due to clearer
communication and availability of design intent.

OPERATIONS & MAINTENANCE

DEMOLITION AND DECOMMISSIONING

Maintenance costs and workforces are reduced through
workforce efficiency and automation (e.g. predictive
maintenance, automated procurement through ERF,
critical spares management)

Asset management is a core business function and
funding/resourcing is driven by the Return on Investment
model for the asset.

The Owner/Operator entity has clarity on lifecycle costs
(5D/6D forecasting, subscription-based procurement etc.)

Maintenance is data-led. Maintenance iz also done ‘on’
data assets as well as physical assets.

Digital tech is reducing hazard and human risk on sites (e.g.
wearables, Immersive Augmented Reality, BMS) — human
communication is flawed. Improved by this.

The digital asset supports decision
decommissioning and/or life extension.

making for

* The cost of this stage is known and has been known since
the construction of the asset.

+ |dentification of hazardous and valuable materials and
waste streams are known.

® There is a clear technology solution for long-term record
management for data/digital models and associated
information sources after the demolition of the asset.

* The cost/value of demolition equation is materially
different from 10 years ago. Old facilities could be
valuable assets, with salvage values known in advance
due to the persistence of material information trough-
life.

* The owner/operator or demaolition contractor meets its
regulatory obligations for site remediation at significantly
lower cost through use of the digital twin.

CROSS CUTTING THEMES

Organisations have cyber-shielded data repositories for built assets and use them to reduce the cost, risk and uncertainty of asset

ownership.

There is an informed regulatory landscape that understands the role and benefit of the digital asset and discharges their duties
with this in mind. (mandates where appropriate for aspects of digital asset adoption — research theme!)

Agreed digital asset metrics are defined and data accessibility is fluid. And the organisation understands the value.

Figure 4.24: Vision for 2030 i how the industry will look (Harris, 2019)
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4.10 Chapter summary

The literature highlighted how the AEC and FM industries are facing unprecedented disruption
brought about by the digital revolution. However, it also underlined the fact that construction is one
of the industries that will benefit the most, Mitchell (2018). It also exposed current gaps in many
organisations (and professionals) understanding of how they can bring together new technology
trends, and adapt their processes, to better support people in new innovative and collaborative ways.
The importance and tremendous potential of digitalisation to deliver advantages in many areas of
our lives was underscored during the developing COVID-19 crisis. It has given us all a glimpse into
a future world, one in which digital has become central to every interaction, forcing organisations and
individuals further up the adoption curve almost overnight (Blackburn et al., 2020). Of all the
technological trends BIM has been highlighted as the one whichwilc hange @At he way bu
designed, constructed, (Speneer2019 edpara4).itdffenmasinemthape n e d o
to overcome many of the issues which have plagued the industry to deliver BA which can be

optimised over their whole-life. BIM is considered in depth in the next chapter.
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Chapter 5: The evolution and advantages of building information modelling

The purpose of this chapter was to address research objective (a) to assess the state of the art and
identify CST important to delivering successful outcomes when using the BIM process. Specifically
it discusses how BIM has evolved for both new-build and existing buildings and its significant
potential to deliver a wide range of benefits to many stakeholders and especially clients and FMs. It
explores the importance of both general and openBIM standards and the need for well-defined

information requirements at the start of the BIM process.

5.1 Building information modelling: what it is and is not

BI'M is Aone of the graddtoesst itne drhreo Icofgustak, R04E p.noony i
157). The RICS describe it as fAcentral (RiC8,2015p.1)di gi
and argued it changes fpr oc es@laoratiamahd ultiondtety tam e , €
i ntegrated construction and as s €.tThenBdvhravglatiomehast mo
enabled the construction industry to stay current, providing added value to stakeholders and

increasing productivity suggested Noor et al. (2018).

According to Saxon, Robinson and Winfield (2018, p. 7) the most mentioned question from clients in
surveys of the i ndukhemlapi (201¢):argiedBIM is not new d@hd Gherkaoui
(2017)suggested the term O Bstiusddihipapgrs inviO8b ey Alish (986 andva s f
Ruffle (1986).

The origin of BIM (Sacks et al., 2018,p.32)can be traced back to fAobject
developed inthe 1970sand1 98 0s f or maBIluM aenttuari endd 0i.nt o common
last centuryd(Jackson, 2018, p. 7). Table 5.1 based on work by Nisbet and Dinesen (2010) outlined

a timeline of BIM development between 1970-2009.
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Table 5.1: Development of BIM (1970-2009) - Nisbet and Dinesen (2010)

Year  Key events

1970 | Concept of BIM staris to emerge.

1976 | Scottish Special Housing Association saves 4% of construction costs using fully automated design, detailing and
tendering.

1977 | Oxford Regional Health Authority deploys comprehensive BIM to accelerate hospital design using OXSYS.

1981 | GMW uses RUCAPS to design the largest university building in the world.

1983 | 1983 Royal Bank of Scotiand, Islington is the first project to be modelled in 2D
and in 3D and as thermal model and shown to client as animated walkthrough — all from one model.

1987 | ArchiCAD from Graphisoft (now owned by Nemetschek) able to create both 2D and 3D drawings on a PC.

1992 | Autodesk releases AutoCAD 12 for DOS.

1995 | US chapter of BuildingSMART founded (as Industry Alliance for interoperability).

1996 | UK chapter formed,

1997 | First version of IFC standard released and Bentley releases its first BIM application to run on MicroStation.

2002 | Autodesk acquires Revit Technology Corporation and changes its basic platform, Singapore launches
CORENET e-submission — a collaborative digital tool for planning application.

2003 | IFC2x2 released General Services Administration (GSA) sets up Its National 3D-4D-BIM program,

2005 | IFC becomes ISO PAS 16739 (publicly available specification).

2006 | Bentley's MicroStation V8i BIM application released.

2007 | In Finland and Denmark BIM use required for public-sector projects; in the US, the GSA also mandates BIM use,

2008 | Revit 2009 released and Bridge Academy, Hackney: new £50 million 7-storey school building opens — the project
made targeted use of BIM. Heathrow Terminal 5 opens, having achieved unprecedented savings through
structured Information sharing. Akershus Hospital opens in Norway BIM was a vital tool throughout the project

2009 | 48% of the US industry using BIM (McGraw-Hill survey).

The pace of change has been impressive during the five years of this PhD. In the first year of research

many people described BIM as a passing trend. Now it is seen as afinecessi ty
construct i (@shwoph, Drgyhmann and Streeter, 2019, p. 2).

However, defining BIM is not so easy. Aziz, Nawawi and Ariff (2016, p. 355) observed many scholars

have a

Adi fferent view -aydl epoe.r sTpleics i avlei grfs | wikheh

f

or

ma |

express confusion about 0 w hTable 5B lillivtrates someaerathplew h a t

showing the challenge of clearly defining BIM.
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Table 5.2: Possible definitions of BIM (various 2006-2020)

Sousos. SIUtend datinition of 50
Lee et al, (2006, “the ‘process’ of generating and managing bullding information in an interoperable and
p758) reusable way”".

Sabol, (2008, p13) “representation of a building as an integrated database of coordinated, internally consistent,
and computable information in design and construction”.

| Arayici & Aouad, “the use of ICT technologies to streamiine the building lifecycle processes to provide a safer
(2010, p. 3) and more productive environment for its occupants,

to assert the least possible environmental impact from its existence, and to be more

operationally efficient for its owners throughout the building lifecycle”.

| Azhar, (2011, 242) “a virtual process that encompasses all aspects, disciplines, and systems of a facility within a
single, virtual model, allowing all design team members (owners, architecls, engineers,
contractors, subcontractors, and suppliers) to collaborale more accurately and efficiently than
using traditional processes”.

[Teichoiz et al, (2013, | “describe the three-dimensional geometry, objects, and atiributes of a physical faciiity, The
17) core of BIM is building geometry, but BIM is also a structured information base of nongraphic
data that provides detailed information about the buliding compaonents”

: Golabchi et al, (2013, | "BIM is a value creating processes that involves the generation, management and exchange of

p187) knowledge of a facility forming a reliable basis for decision making throughout its life cycle from
the conceptual, design and construction phases through its operational life and subsequent
closure”.
| NBS, (2016) “a process for creating and managing information on a construction project across the project

lifecycle, One of the key outputs of this process Is the Building Information Model, the digital
description of every aspect of the bullt asset”.

EU BIM Task Group, | “a digital form of construction and asset operations. It brings together technology, process
(2017, p. 4). improvements and digital information to radically improve client and project outcomes and
asset operations”,
| Eastman et al, (2011, | “a socio-technical system that ullimately involves broad process changes in design,
XXi) construction and facility management”
| Jackson, (2018, p. 7) | observes BIM models are often perceived as a 3D representation of a bullt asset. The model

can be defined as “a digital representation of physical characteristics and functional
characteristics of a facility or asset™.

| BIM Dictionary, “a sel of lechnologles, processes and policies enabling multiple stakeholders o collaboratively

{2019) design, construct and operate a Facility in virtual space. As a term, BIM has grown
tremendously over the years and is now the 'current expression of digital innovation' across the
construction industry”.

' 1SO, (2019, p5) “use of a shared digital representation of a bullt asset to facilitate design, construction and
operation processes to form a reliable basis for decisions” Note: Built assets include, but are
not limited to, buildings, bridges, roads, process plants.

| Autodesk, (2020) “a pracess that begins with the creation of an intelligent 3D model and enables document
management, coordination and simulation during the entire lifecycle of a project (plan, design,
build, operation and maintenance)’

Butt, Francis and Greenwood (2015, p. 560)s u g g e st e d -cficle nontexhB¢M clan bk defined
as a digital representation of physical and functional characteristics of a facility and a shared
knowledge resource for information about a facility forming a reliable basis for decisions during its
life-cyclei spanning from ear |l i est TheseiewcotBM apgymg dcross the mo | i
whole-life-cycle has led to many versions of the graphic shown in Figure 5.1 (Petri et al., 2020). This

illustrates the impact of B-tyMe.across every stage
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Figure 5.1: BIM across the whole-life-cycle (Petri et al., 2020)

From the various definitions common themes emerge; e.g. process, information, 3D representation
etc. However, many people find it difficult to relate the wide range of definitions as to what BIM
actually is. Further confusion has arisen regarding the acronym BIM itself. Some see it as a verb:
@®uilding information modellingd ; some, abeilding infarmation ,modélo ; and ot her
p r o c ebmilding information management6 This aligns with views from Azhar (2011): noted that
BIM is a combination of software and process; and Jackson (2018) who observed that information
is critical to BIM. Baldwin (2019, p. 6) noted, A B1 M wi | | make pr-e;eddebetandd at a
openl y exc hainlyiega bsltethe. impdrtAnt topic of standardisation which provides a

common framework of reference for the BIM process and its terminology.

5.2 Building information modelling standards and guidance

As discussed in Chapter Zoinké¢ r UK t G dGakinSrDffiee/2®a sy 62 0 !
p.14mandated Af ul |-pBIMd @withlalhpoofeet antd asseeinfoBmation, documentation,

and data being electronic) as a minimum by 20160 Berstein (2019) argued that, rapid transformation
throughout the industry, has been facilitated &
standardisation. Whilstthe NBS (2019a)r e por t ed ABI M a chd@din201dtoarbundt up
70% by aRdBIMFE2019) reportedt he BI M approach has hel ped i
constructi on iseeeras world Idatirg withKts BIM standards but there has been

recognition that there was a need to move towards international standards (Shillcock, 2019).

Jons Sjggren, chair of the ISO technical subcommittee that developed the n & v O6 1 BESH 0 6
standar ds, s-astesta British standardr®iS €1926and publicly available specification
OPAS 2t"@%%e been used as the basis to dev@Wiop th
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2019). The new 4SO 196506st andar ds are now fipart of a | andsc:
i nternational standards supporting informa(UKon m
BIM Framework, 2020, p. 6). Figure 5.2 (BSI, 2020), illustrates the transition which took place during

the PhD, sometimes making it a challenge to stay abreast of all the changes. It shows the
developments fBSEmM1I1iG2upethd/i lé6 t h8OINa G&dddstamdo 0
dransition guidance to BS EN | SO 1965060

- Moilation of HK Govl Depis. fur L2 BIM

‘ Level 2 BN Mandate ‘

Formution of BIM Task
L] Making BIM Level 2 ‘Business As Usual'

2020

2021

2015 2017 2019

2018

2012 2016

2014

2013

2011

2010

BS EN IS0 19350 1 + Natony Toreone
PAS 11826

QBim-levei2.org Iso | B5 BN IS0 156507 + Neros) Annax

o Formation of Home,
BSIS9E2  Natians Working ’ 0 18650-0 Guide v 35 EN 150 19350
Group

Formation of CDBB ’

‘ Formnation of UKBIMA

0BB L3 Stratagy Plan

#a
6 UKBIM -
bsi. €dbb  {Phice

Figure 5.2: Timeline of BIM standards and guidance (BSI, 2020)

The new standards have been important to reduce confusion and empower common understanding
and communication in BIM projects, particularly where different countries are involved. The new
seri es genelS@19650, argamization and digitisation of information about buildings and
civil engineering works, including building information modelling 1 Information management using
buil ding i nf or Whe first twampans evereepublished ¢gn 2018:

T 6SO19650i1:Concepts and@SOp2018mci pl es b
T 6SO19650-2:Del i very pheglS®2068d) asset sod

Further change was on the way as the cdbb (2018) reported the next two standards in the series
which were subsequently published in 2020. They replaced d°AS 1192-3 §BSI, 2014a) focused on
the 6operati @IS AHESR2005) e curi tyd respectivel y:

60l SO 1B966GPerational phase of assetsd
01 SO 159 $péclication for security-minded building information modelling, digital built

environments and smart asset management 0.
A further part is planned for delivery in 2021:

T 61 SO H4olfdsntation exchanged
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The way practitioners access standards has changed significantly. The two main government BIM
websites that wereused over the | ast few years,; -LtadeeldédK
now been replaced with the UK BIM Framework website. This is now the main UK reference with
links to the BIM standards and guidance (UK BIM Framework, 2020).

The process of transitioning from PAS to ISO is explained in several videos available on the UK BIM
Framework website. In one Dr Kemp, Chair of the UK BIM Alliance, noted the new standards are
effective at ISO and CEN levels, meaning all national standard bodies across Europe must now
withdraw equivalent local standards and use the new 4SO-196500suite (Kemp, 2019). The resulting
transi ti onBSMa%R:a097 at nhddAIS61182-2 dvere withdrawn in 2018 and PAS 1192-36
and ¢?AS 119252 & 2020.

The full list of BIM standards forming the UK BIM Framework are shown in Table 5.3

Table 5.3: List of key BIM standards (UK BIM Framework, 2020)

Title Key aim of standard or guidance document

1SO 19650-1:2018" | Outlines the concepts and principles for information management at a stage of maturity
described as BIM according to the ISO 19650 series. It provides recommendations for a
framework to manage information including exchanging, recording, versioning and organizing
for ali actors. Note: this document replaced the UK 'BS 1192".

1SO 19650-2:2018" | To enable an appointing party to establish their requirements for Information
during the delivery phase of assets and to provide the right commercial and collaborative
environment within which (multiple) appointed parties can produce information in an effective
and efficient manner. Note: this document replaced the UK 'PAS 1192-2'.

‘PD 19650-0: 2019" | Transition guidance to BS EN iSO 19650. |

'1ISO 19650-3:2020" | To enable an appointing party {such as an asset owner, asset operator or outsourced asset
management provider) to establish thelr requirements for information during the operational
‘ phase of an asset, Note: this document replaced the UK 'PAS 1192-3",

ISO 19650-5:2020" | Provides a framework to assist organizations in understanding the key vulnerability
issues and the nature of the controls required to manage the resultant security risks to a level
that is tolerable to the relevant parties
| ‘BS 1192-4:2014" Addresses COBie which is an internationally agreed information exchange schema for
exchanging facility Information. It is the UK govemment's chosen schema for information
exchange, Its spreadsheet format can be used to exchange the alphanumeric information
between BIM and other FM systems. COBie ensures that information can be prepared and
used without the need for knowledge of sending and receiving applications or databases. The
information exchange can be reviewed and validated for compliance, continuity and
completeness. Note: COBle does not address geometrical information.

‘BS 8536-1.2015° Aims to include the operations team and their supply chain in the design process. It also aims
to extend the involvement of the supply chain for the project's delivery through to operations
and defined penods of aftercare. It gives recommendations for briefing design and construction
teams to ensure that designers consider the expected performance of a building in use. The
standard applies to all new building projects and major refurbishments. It also includes briefing
requirements for 'Soft Landings', BIM and Post Occupancy Evaluation (POE).

| 'BS 8536-2:2016° Gives recommendations for briefing design and construction teams in relation to energy,
telecommunication, transport, water and other utilities’ Infrastructure, It aims to ensure that
design considers the expected performance of the asset in use over its planned operational
life. It Is applicable to the provision of documentation supporting this purpose during design,
construction, testing and commissioning, handover, stari-up of operations and defined periods
of aftercare. It incorporates the principies of briefing associated with BiM Level 2 and
govemnment "Soft Landings'.

The UK BIM F r a me w ovebkité kosts guidance to help people working on BIM projects. The

current guidance at December 2020 is shown in Table 5.4 (ibid).
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Table 5.4: BIM guidance documents (UK BIM Framework, 2020)

Title

Key aim of standard or guidance document

Guidance Part 1: Concepts'

This guidance has been written to help individuals and organisations in the UK to
understand the fundamental principles of buillding Information modelling (BIM)
according to BS EN ISO 19650 Parts 1 and 2.

‘Guidance Part 2: Parties, teams and
processes for the delivery phase of
the assetls
‘Guidance Part 3. Operational phase of
the asset life cycle'

“Supports the implementation of BS EN ISO 19650-3, which sets out the

Supports the implementation of ISO 19650-2 and is relevant to any organization
involved in the delivery phase of an asset,

It is important that guidance part 2 is read in conjunction with guidance parts A-F.

‘Information protocol to support BS EN
1SO 18650-2 the deiivery phase of
assets'
“PD 19650-0.2019 Transition Guidance
to BS EN 1SO 19650

‘Part A The information management
function and resources’

This Information Protocol Template provides an example of what could be
included in an Information Protocol to be used when conforming to BS EN ISO
19650-2:2018 for projects and their appointments to which English law applies

This transition guidance has been prepared specifically to help the existing users
of BS 1192 and PAS 1192-2 understand any changes made between the UK's
existing standards, and the ISO documents which are to replace them,

Considers the information management functicn and resources needed for
successful information management. It is relevant to parties, teams and
individuals involved in implementing the ISO 19650 series across a project, within
an appointment or within an organization,

‘Guidance Part B: Open data,
buildingSMART and COBie’

For people undertaking the information management function on behalf of an
appointing party {a client) or a lead appointed party (for example, a project
manager, designer or a main contractor)

“‘Guidance Part C: Facliitating the
common data environment (workflow
and fechnical solutions)’

For the appointing party, the lead appointed party and each of the appointed
parties involved In the common data environment (CDE) in terms of workflow
and technical solutions.

‘Guidance Part D: Developing
information requirements”

“Guidance Part E: Tendering and
appointments’

"For the appointing party, the lead appointed party and each of the appointed

To help parties throughout the asset delivery lifecycle who seek to produce
reliable information requirements that meet defined purposes and enable effective
delivery of information across project lifecycle.

parties to establish the delivery teams’ BIM execution plan (BEP) in accordance
with the information management approach.

‘Guidance Part F: About information
delivery planning’

For the parties overseeing information delivery planning activities in terms of
responsibility matrices and master and task information delivery plans (federation
strategy and information container breakdown structure will follow in future
gudance)

‘Government Soft Landings’

Revised guidance for the public sector
on applying BS8536 parts 1 and 2:
Updated for ISO 19650

This guidance explains how the adoption of GSL can be aided if design and
construction projects work in accordance with BS EN 1SO 19650-1: 2018 and BS
EN ISO 19650-2: 2018.

‘UK BIM Framework Learning
Outcomes’

Identifies desired leamning outcomes of infroductary training in information
management using building information modelling (BIM).

From a practitioner perspective Ford (20199 not ed people Adon6ét need to p
of the new international BI'M standardso. He adds
BS 1192:2007 and PAS 1192-2: 20130 (i bid) and At he process 1is
good compliance with the 1192 suite, then believe

5.3 Using building information modelling to improve project collaboration

The increased use of BIM and digital software platforms, has in some ways, made construction
projects more complex. However, the aim is to improve communication in an industry that has had a
reputation of working in stovepipes. Such traditional approaches in the past led to poor collaborative
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wor king environment s a nrdectiperforrnamae in thé imposgtaamttdimentiang t or vy
of ; ti me, cost , s af e(Roplingomed al.2@1&,Ip.t290). and qual i tyo

The UK BIM Alliance (2019, p.14)not ed fAsuccess often boils down t
wel | t hey wd rcrkicaltfaotg exflubneirrg duccessful implementation is the collaboration
social factor, which requires teamwork, communication and transparency stated Alaloul et al. (2020),
Butt, Francis and Greenwood (2015) suggested BIM offers project teams a new opportunity to

achieve a more collaborative way of working.

BI' M projects i nv odctered Hawewsri dost are thensgnee stakeholders who have
been involved for many years in designing and delivering BA as shown in Figure 5.3 by Butt, Francis
and Greenwood (2015).

3.

« c
FACILITY
MANAGER

~  GENESAL

CONTRACTOR

MANAGER
b L J
fAsRICATOR @ / \ ®  ARCWITECT

MECHANICAL STRUCTURAL
ENGINEER ENGINEER

Figure 5.3: BIM project stakeholders - Butt, Francis and Greenwood (2015)

However, thereares ome new exceptions. One is the 6inform
BI'M projects. ISOL9EDR @SCB2018d,ph.3)afugiest s that fAan inf
role is set up on the side of the clientodo (the aj

for the O6appointed partydé (ibid, p9) .

Importantly, ficol |l aboration and effective team w@Kking
BIM Alliance, 2019, p. 14). The standards require all/l parties
roles and responsibilitiesandto agr ee an i nf or mat i o mhedtandards éefing pl a
the key roles in a BIM project using the terms

contractual relationships as well as types of team delivering work/information. These are summarised
in Table 5.5.
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Table 5.5: Types of actors/teams in a BIM project (UK BIM Alliance, 2019)

Types of actor Types of team

1 | Appointing party The organisation leading the | 1 | Project team Everyone involved in the project,
project or assel regardiess of appointment/contract
management. For a project arrangement
this is typically the client, who
may also be the asset owner.

2 | Lead appointed party | The party who is accountable | 2 | Delivery team | A lead appointed party and their
for coordinating information associated task teams. E.g. a
exchange between task contractor and its subcontractors
teams or between a delivery and suppliers.
team and the appointing
party.

3 | Appointed party Anyone generating 3 | Task team A person or group of people
Information about the project, performing specific task. E.g. the
€.q. a confractor, architecture team or the
subcontractor, supplier, subcontractor who is
consultant. designing/constructing curtain

walling
To help i mpr ovI8O I9660-2 @aifes thetintedanes Ketween parties and teams for

the purpose of information management. Figure 5.4 illustrates these relationships (1ISO, 2018d, p.

iX).

Key:

A appointing party

B lead appointed party

C appointed party

... variable amount

1 project team

2 task team(s)

«» information requirements and exchange
<% information coordination

Figure 5.4: Interfaces between parties in a BIM project (ISO, 2018d, p. ix)

A real-life example of how these relationships might look on a typical project is illustrated in Figure
5.5 (Hooper, 2019).
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oy

Lead @
appointed
party

Structural Services
Engineer Engineer
M&E

Contractor

Appointed
party

Cladding
Contractor

Appointed
party

Appeinted Fire Alarm
party Contractor ,x
BiM

Figure 5.5: Functional relationships for information deliverables (Hooper, 2019)

Anot her very important aspect of standar diSO&tsi o
dnternational Cl a($Cs)i (SO, 2@l5) icam rbe USdd don praducidgdclassification
syst e30s1200652 : 2 O(IBG,2015b)s peci fically fAdefines atdfr ame
buil't environment classification systemso. Ther e
countries andthe Gover nment 6s nomi nat ed Umnli a&d saisfdihedatibnabdon sy
Building Specification (NBS)d e s c r i b e @ay ioftiderdtifyingfaad managing the vast amount
of information thatdés involved in a project, a
| SO 19650 ser i gNBS @f20a 9t para 2). Additiomad guidance about Uniclass is

available at the Construction Project Information Committee (CPIC) website.

5.4 The information management cycle

Conceptual models offer a good way to explain the BIM process to people who are not so familiar
with it. Figure 5.6 t a k e n 18O 1®6B0-164s useful to help illustrate the different levels of
management and specific information requirements within organisations.
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INFORMATION MANAGEMENT

Figure 5.6: 6 | SO lirfoératibid management cycle (1SO, 2018b)

Good information management is key to the success of these higher-level management processes

and individual projects. The outer orangenaband
management 8, normally controll ed ©$iS©Og@SIDENIbaA.l ity
The vyellow band represents the organisationébs /
possibly usi nglSOs560000@SOy2018a) @ n dSO @15006(I1SO, 2012) respectively.

The blue band represents organisations uUSONnH96 MO (
at the project level. The organisation needs to establish what information is needed to meet the
requirements of the first two levels, enabling managers to control and report on assets/projects, as

well as ensuring statutory compliance and meeting other management requirements e.g. CSR
reporting.

The jigsaw pieces inside the blue band represent
The letter A indicates the start of a project where the organisation must consider any relevant existing
information before the project starts. B represents the project in progress when the bulk of information
needed for the operational phase is collected. C represents handover, where all relevant information

should be transferred to the client and operatio

The model shown in Figure 5.7 was a d a pt e dPAS ¥1@2+R06(BSI, 2014a, p. viii). It focuses on

the project |l evel and i | lcuysctlreadt e(sp rtohcee sésBI M tianrftoirr
a CAPEX project. The project team should O6éstart
box) requires the client to assess their current higher-level need for information as per the previous
modeli. e. Ado we have an existing AM strategyo6 and
OPE X p h @hsemé&ds.to be done both at the organisational and AM strategy levels (examples

might include information needed for management reports, processes etc.). The organisation
instructing the work (usually (SD,&018b)anemustonsidert s a
what O6perfor mance6 06anadr ed perxop eecctt e dexistirrgsofoneatibnl whichs a n-
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should inform the start of the project. Note: The green and red circles underneath represent various

6exchanges of informationd and 6édecision pointsb©d

START

The BEP must descrite bow agpoinied
ettt Wil detiver P indonrabos
Tequrements for the project

AM STRATEGY
150 550007

Chond indormation
rocds
OFt + AR

l

Chars noed 1o
crirm wtal

Informason &
neoded T

Pronea 1 inharmsatinn Mol (VM)

Abast ey Mool AN

Wl defires needs

i resifl In expectaions Bocumpenmtion
3 baing rescrnd

et ]

Nan-Graphical Data

operyton?

Ol

infoarmmon Mode!

T

Graphical Madel

— : | } ! ! L ) i To wesuy
B2 o 0 © & & 0 o <o LT
CIJED €K €3 €3 €LY €3I €3 €)Y ) fuaimmmerminr insercy

FEeTUCn ) arge

m <°> <°> 40} 40» <° ~——"“":,'.‘,‘...“""

X Scopm of Sowvuw

Figure 5.7: BIM information life-c y c | e ( a d £A31&92-2 for teaahing)

The start of defining the information requirements is represented by two key BIM client
responsibilities: the OIR and AIR. Both of these should be in place at the start to inform the creation

of the EIR which should be averyclear& peci f i c at | b eodetalbidforntatior needs. All
three should be updated, as required by the clier
to procure their BIM project in a competent and informed way. The OIR/AIR/EIR must provide clear
guidance, avoidng a 6 gar bage i n = ¢ ar(Ashwoeh, 20184).6Cliests may e i o
disappointed at handover, if the required information,based on their organi sat

strategy, is not clearly specified.

Clarity hel ps e a(@S0, 2018lp gnow axdctty evhatpisaexpeated of them (UK BIM
Alliance, 2019). They must then respond with a pre-contract BIM Execution Plan (BEP) which
describes how the project will be managed and how the information requirements will be delivered.
All parties can then review the OIR/AIR/EIR and ensure they are realistic before the final contract
BEP.

Once the contractisinplace t he O6appointed partyd starts the
2020 PoW stages (RIBA, 2020), and develops the Project Information Model (PIM). At handover to
the operation team this becomes the Asset Information Model (AIM) and includes three types of

information as suggested by Ashworth, Druhmann and Streeter, Tenny (2019):

1. Documentation, e.g. PDF, Jpeg, Excel etc.
2. Non-graphical or alphanumeric data
3. 3D graphical models
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The green area over the project stages 1-6 represent the growing quantity of information up to

6handover 6

(stage

6) . I'n order

for t

he project t

such a way it is easily transferable without loss (and lots of manual effort) into client management

systems e.g. CAFM, SAP etc. (i bi d) .

The O6ENDS

need to manage and optimise the BA over their life.

The newer version (ISO, 2018b, p. 28)o f t

he same

L COMMON DATA ENVIRONMENT (CDF) PROCISS )
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Figure 5.8: 6 | SO 1cénéeptlabmodel of BIM (ISO, 2018b, p. 28)

This version can appear a bit generic (as it has to apply to many countries), andt h e

6startod

clarity

the need

around

for a

t he

project

need

def i

6 Common

t o

ne

t he
Dadigeda collEction,ishaong,me n t

client s n

managing, dissemination, exchange and retrieval of information during the life-cycle (for this reason

the CDE

The model also highlights that at handover there will be so mer eé6s i du al

i s

somet i

me s re

ferred to

as O6the single

i nfor mayti on

the day-to-day operations teams, but which may be very important in the future, e.g. where a potential

renovation project is carried out. One of the key challenges is deciding how to identify which
information will be needed on a day-to-day basis. Figure 5.9t a k e n 1SOr13650-2 @S0, 2018d,

p. 3) illustrates the BIM process using a series of key linked activity steps 1 to 8, helping provide an

overview of the activities involved in tendering and realising a BIM project.
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A :
Activities
1 assessment and need A information model progressed by subsequent delivery
2 invitation to tender team(s) for each appointment
3 tender response B activities undertaken per project
4  appointment C  activities undertaken per appointment
5  mobilization D activities undertaken during the procurement stage
6 collaborative production of information (of each appointment)
7 Information model delivery E  activities undertaken during the information planning
8  project close-out (end of delivery phase) stage (of each appointment)

F activities undertaken during the information production

stage (of each appointment)

Figure 5.9: Information management process - delivery phase (ISO, 2018d)

A good place to start when trying to understand BIM are the SO 196506standards and the suite of

UK BIM Framework guidance documents.

These provide a good overview of the whole BIM process and how to implement BIM projects. It is

i mportant to unt&O0s tl &vedrdelsatnotwheuse t he terms Or
needed for BIM projects, recognising that sometimes these may not be physical documents and
could be integrated into other systems. Now At he
the contentist r a n s p(UK BIM Frainework, 2020a, p. 24).

The concept m&Gdedahrc eshém mEiguée®.10 (ibid, p27) gives an excellent
and detailed overview of the BIM process. It also provides a detailed list of the resources needed for
a BIM project (ibid, p25).
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Prospective lead oppointed party tender response
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porty
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»= Summary of the prospechive delivery team’s copability » copacity i A
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HiM Fromeweck cod arw referred :
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Figure 5.10: Overview of resources in a BIM project (UK BIM Framework, 2020a)
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5.5 Building information modelling: maturity, levels and dimensions

The UKO&6s approach to BI'M has been seen as a m
governments around the world (EU BIM Task Group, 2017). Many have now mandated the use of
BIM recognising its value as a strategic enabler for cost, quality and policy goals. BIM has become
the modern design process approach used by professionals with respect to the planning, design and
construction of new assets albeit with different progress rates of adoption across countries (Ashworth
et al., 2016). Research on levels of BIM maturity in 21 countries was carried out by Kassem and
Succar (2017)usi ng ei gchotmpmemrtes 6 t o .rikea Sndingeshawa ih kigure t y
5.11 clearly indicated the UK was in a leading position with respect to BIM.

Australia -1 3 20 20 20

China 58 a3 43 a3 : §

Canada 25 25 0 0 0 0 25 38

Finland 40 50 30 30 40 5 40 50

Hong Kong 25 43 25 25 43 0 25 31

M.‘.l._n-,-'.:.. | M.'(_l» 20 _.-'(_ - ] 13 >|7t ‘!'_I 13

New Zealand 13 4 13 13 0 4] 13 25

l}r.ml 77!3777.'? 7]57771737 3 0 25 -iﬁ]

Ireland 25 43 18 18 68 0 33 25

Iraly 13 S5 i8 I8 25 13 13 38

Mexico 25 43 25 5 18 18 50

‘Netherlands 25 50 50 S0 38 13 25 50

Partugal 15 50 23 23 33 20 38 a8

Qatar 20 20 20 20 10 10 25 A0

Russia 25 25 0 0 0 13 13 38

Spain i3 45 2 25 3 25 33 43

Switzerfand 0 25 ) 0 25 0 0 75

UAE 18 25 18 18 25 0 8 33

UK 5 63 58 58 a5 18 a8 65

SA 20 40 35 35 in 15 25 Gl

South Korea 25 58 43 43 43 18 25 o8

Figure 5.11: BIM maturity levels across 21 countries - Kassem and Succar (2017)

The r 8wldinrgt Ionf or mati on Model | i ng: Evaluating Tool
(Kassem et al., 2020) includes a detailed analysis of tools currently in use in industry to measure
maturity. This includdS0D186802sdbur i ng t hem against 0
Thereisoftenc onf usi on i n practice with people usiofng t
B | Midnis aligns with research by Dakhil and Underwood (2015, p. 229)wh o not ed f#fAt he t
represents different things to di f f er ent peopl eo. Mo st practiti

0Bew/ Ri
5.12;

of t en

chards

B | (BISI,GL3) used in pgrts Dol P AS  hrid 8hdvén in Figure
t Manyapsoplé Haee foard it MsefWdilysréting the

progressive development in maturity of the use of BIM and the relationship to BIM standards.

referred
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Saeparate sources

of information
Separate sources  covering the Integrated
of Information range of assets  Feceraled file-  electronic

covering the basic  Information In based electronic  |nfarmation with
assats Information  semi-structured  Information with ) automated

in paper electronic some automated  connectivity and
douments documents connectivity web-stored
7
Level ¢ Level 1 Level 2 Level 3 [

Structural

Architectural

b 15 IFo
3 ié IFC

Litecycle asset management

e oM |
CAD  ssismzor S g /
User Guldes CPIC, Avantl. 851 D 2008 1 13 Bow Richards /
Drawings, lines, arcs, text etc, Models, objects, collaboration infegrated, interoperable data
1
Standards [ Salma I
Fas PAS
CAPE X L8 %
| ssasazzon || BS 8541-1:2012, BS 8541-32012, BS 8541-4:2012 |
e
| BS #5415 %, BS 516 |
| 85 700042013 ]
FC: BS 150 167392013 |

10N B5 150 29481-1:2010 |

FcBS 150 1200632007 |

Figure 5.12: Bl M mat ur i RAB 11023viBdw saind Richards, 26008/13)

However, people were often not clear what each specific level involved. Table 5.6 based on the work

of (McPartland, 2018) helped provide clarification regardingthednat ur i ty | evel s of

Table 5.6: BIM levels of maturity, adapted from (McPartland, 2018)

BIM Level | Explanation of what constitutes the Level of BIM

0 Effectively no collaboration. 2D CAD drafting only is utilised, mainly for production information
{RIBA 2020 stage 4). Outpult/distribution is via paper or electronic prints, or a mixture of both.
The majority of the industry is already well ahead of this now.

1 Typically, a mix of 3D-CAD (concepts) and 2D (approval documentation and production
information). Eiectronic sharing of data using a common data environment (CDE), often

managed by the contractor.

2 Distinguished by collaborative working. Requires "an information exchange process” specific to
each project, coordinated between various systems and project participants. All software used
must be capable of exporting to one of the common file formats such as IFC or COBle.

3 Full collaboration between all disciplines using a single, shared project model which is held in a
centralized repository, All parties can access and modify that same model, and the benefit is that
it removes the final layer of risk for conflicting information. This is known as 'Open BIM'.
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The nl®Ow19650-1 : 2 Oupdated the BIM Wedgedwith the graphic shown in Figure 5.13.

Commenting in a video on the changes Hooper (2019 o bser ved fAMaturity i s nov
rather than | evelsodo. She went on to note that we
BI M process is the information and itds manage

management canberepr esent ed as a s equemSOe0180f p. MaChwchart v s
(2019) observe d t hey are made up of four discrete 01l aye
from collaboratio n 6 . We also see the importance of the CD

federated models at Stage 2 (information layer).

Structured data

Structured data

I 1 I |
1 1
Increasing benefit from existing and new digitally supported and enabled processes Business layer
1 |
I 1
I 1 )
- = I 1 Object based server
TE|! | Information models
PE|!
2|1 : o z
T Federated information models Federated information .
=5 E , Information layer
i models
3 8
¥ -
g E
EE

u : 2 fr .
Unstructured data Unstructured (BIG) data

A

Query/Model /Container/
database and
information TEChHOlOgy layer

management technology
based CDE

File/Model/Container and information management technology
based common data environment (CDE)

I i I |
Process
National Regional /National annexes I standards to Standards layer
e IS0 19650-1 and IS0 19650- 2 i
) )
I | U I
Stage 1 Stage 2 Stage 3

Figure 5.13: 6 | SO 1stages @ idaturity (1ISO, 2018b)

Untilé | SO 1géverdnterdt projects were required to be delivered to BIM Level 2. Churcher (2019)

noted in order to achieve this (Stage 2) now requires the following:

A CDE
Structured and unstructured information which form the federated information models (i.e. the
PIM and AIM). Note: the information requirements should be defined by the client.

1 The project also needs to abide by the UK BIM Framework standards listed in Chapter 5.2.

Another expressionthatcausesconf usi on i s ¢ d;Cunear{2018,q.para 4) riotedBtheM 6
are fAdifferent to BI'M maturity |l evels. They refe

ale |l inked to an information model 0. Each di mensi
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of information: 3D = Geometry, 4D = Time, 5D = Money, 6D = Sustainability, 7D = FM (United BIM,
2020). Each dimension has specific uses to different stakeholders as illustrated in Figure 5.14.

« Visualization
« Clash Analysis

N "E::* ==
N« Time Simulation ¢ Virtual construction B
« Construction Sequencing.
a3
« Estimating / Cost Simulation N § <

oot

CONTRACTOR &
CONSULTANT

[V . Sustainability Vo8
3 « Energy Analysis A !
N d . Life Cycle

« Maintenance

MOMTICTS A
INGINETRS

Figure 5.14: Dimensions of BIM: terminology and stakeholder use (Cunha, 2018)

5.6 -The importance of a digital transformation strategy

Critically, Ashworth and Heijkoop (2020) stated that to ensure competent procurement of a BIM

project, clients need to have a clear strategy in place before commencement. This aligns with
Wildenauer (2020, p. 134) whoarguedt hey must #dAcl early state which
at which point in the project and orderitaccordi ngl y 6. Thi s 150496504 ibhichetatese d b
ithe appointing party should wunderstand what i nf
project(s) to support or gdl80,2048b,po8) adlient® mustganfom e c t
how their BIM projects will be managed and supported, in terms of resources, in order to deliver

required information, and how this will align with existing AM strategy. Shepard (2015) argued this is

critical if BIM projects are to deliver maximum value to clients.

So how do clients start to put together such a strategy? A good starting place would be the UK BIM
Al l i aGeiedg DQuidg byt Saod Robinson and Winfield (2018). This suggested required

investments, potential benefits, and early involvement of FM. It notes importantly that:

When digital working methods are employed, the standard forms of appointment and contract
need to be augmented to take into account changes in traditional processes and obligations.
Properly managed BIM requires that all parties involved have clarity as to their rights and duties,
particularly regarding the digital models. Unless these rights and duties are contractually binding
there may be poor coordination, unexpected risks and avoidable disputes (ibid, p19).
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The guide suggested organisations starting out take incremental steps as set out in Table 5.7.

Table 5.7: Client digital strategy development - Saxon, Robinson and Winfield (2018)

Step  Incremental steps to going digital and using BIM

1 To become aware: just knowing what BIM really is and what it can do for similar clients opens up discussion.

To make a strategy: top client management needs to decide what is worth doing, and how to progress, as
2 part of a project or to make a context for future projects.

To equip the client office to work digitally: depending on the strategy chosen, clients will need to invest in
3 their capabiiity to instruct their team and to work with digital data.

To formalise the use of digitalisation: client instructions need to be given to appointed consultants and
4 constructors, to avoid new risks and to define requirements contractually,

To re-consider team formation: BIM works best when compatible teams are formed and stay together, often
5 through framework agreements.

To define decision-support needs: brief-making in a digital environment adds Information reguirements to
6 the matrix of design, cost and time factors, In order to support the decisions of all Interested parties at each
stage.

To define operation and maintenance needs: where the asses will be retained and managed by the client,
BIM can transform facility performance If the required O&M data is requested up front,

To create useful standards: digital modeis can be made of elements required by repeatedly by clients, such
8 as standard rooms or preferred products, for time-saving and re-use.

Clients should understand the requirementslISPIl| ace
1 9 6 Standlards. They should use the UK BIM Framework guidance documents prior to starting any

BIM project to understand how the standards should be used in. Figure 5.15 f r ol&D 18650-2 6

(ISO, 2018d, p. 7) demonstrates key steps required by an organisation at the start of a BIM project

to ensure their needs are assessed thoroughly.

Key

1.1  appoint individuals to undertake the information management function
1.2 establish the project’s information requirements

1.3 establish the project’s information delivery milestones

1.4  establish the project’s information standard

1.5  establish the project’s information production methods and precedures
1.6  establish the project’s reference information and shared resources

1.7 establish the project’s common data environment

1.8 establish the project’s information protocol

A information model progressed by subsequent delivery team(s) for each appointment

NOTE Activities shown in parallel are to highlight that these activities can be undertaken concurrently and
apply to all instances.

Figure 5.15: ¢ SO 1 9nBiBn@tGN management process (1SO, 2018d)
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BIM does however generate certain risks and legal issues stated Winfield (2018). These need to be
addressed through clear communication and clarified within the contract documents. Saxon,
Robinson and Winfield (2018) notedthatal egal contr aThe t BloM RICEr2018a G |
can be utilised to avoid possible misunderstandings between parties. Thi s fiprovi des ¢
parties on their rights to use, and obligations over the shared digital models and the intellectual
property t fibedyp. 2d)oTihé protocobincorporates agreements between team members

which define contractual roles and responsibilities in the BIM process. It also highlights the need to

appoint an Information Manager (IM) who can act as a source of advice on what the client should

ask for and recommé&hdaBi n BipenticemirciICd®.E. 06

1. Responsibility Matrix: specified information to be produced, shared and published by team
members and the applicable Level of Definition (LOD)
EIR covering the client information needs and |
The Security Minded Provisions addressing the c

to information in the project or if these do not apply

Note:Anew® | M P r gfrbnotbhedJK BIM Framework is now available which more closely aligns
withthe 6 | SO 1staidards o

5.7 Information requirements

The Ainformation requirements are the most i mpor
define the inputs for the whol €UKiBiIMFamemak 2020a, p.ma n a
45). IS@® 19650-1 @ ef i nesmadiimfnd as Areinterpretable repre
manner suitable for communi ca@SO02618b,p. B).tWhenplefigngat i o
the requirements an often-quoted expression inthe BIM pr oc e s s : to Ostart wi t
Ashworth, Tucker and Druhmann (2018) i nt er pr et ¢hd analdyy of competing & jigsaw

puzzle. One needs to have all the pieces and a strategy to bring them successfully together to be

able to see the big picturea The strategy and jigsaw pieces are like the various information
requirements in the BIM process (OIR, AIR, EIR, etc.). The &éappointing partydé m
what information they need and why. A way to visualise this is shown in Figure 5.16 where the

i nformation 6éreceiverd (uswually the client/ FMs)
clearly understand why they need to provide the specific information for the project (UK BIM
Framework, 2020a, p. 46).

- {
informarfion
receiver

Information Information
delivery requirements

Purpose

Figure 5.16: Reverse engineering approach (UK BIM Framework, 2020a)
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Figure 5.17 f r ol80 18650-1 : 2 0(IS®,62018b, p.9) i | l ustrates the &épiece

various information requirements) and the relationships between them at a project level.

Interested parties’ Appointment information

information requirements requirements
3
O;E:oli'l'iﬂ:tli(::lﬂl E Asset Information{ 3 Asset Information
Requi ts [E| Requirements |- 8. Model (AIM
equiremen 5 (AIR) = odel ( )
(OIR) g &
" L]
contributes to contributes to
¢ ) '
Project % Exchange -
Information | % o Information _E
Requirements % Requirements =
(PIR) @ (EIR) %
[=]

Figure 5.17: Hierarchy of information requirements (ISO, 2018b)
Experience has shown that often people are not clear what each of these require. Table 5.8 highlights

t he v e rl§01966-d definition of each term. In addition further clarification is included to make
them clearer.

Table 5.8: Information requirements - OIR, AIR, EIR and PIR (ISO, 2018b)

Information ISO 19650-1:2018 definition of ‘Information requirements — with authors perspective
requirements

OIR “In relation to organizational objectives” (p.4): e.q. The OIR must be clearly articulated by the client team
before the start of the BIM project (the author suggests writing them down 1o help think about the words
used o describe the need). The OIR should cover the high-level information needs of the arganisation
and why these are important. For example, this could cover reporting needs for quality management,
CSR, security, H&S. environmenital finance, risk, space use, regulators, policy, business operations etc.
The "UK BIM Framework' website guidance offers further guidance.

PIR “in relation to the dellvery of an asset” (p.4): These are specific to projects enabling better
understanding of the high-level purposes for Information requirements and decision points. Sometimes
referred to in the past as the 'plain language questions’ that used to be used and are a series of questions
that help to inform the needs in relation to assets e.g. What management reports are required regular
about the organisation's assets. Guidance s given in ISO-19650-2 clause 5.1.2.

AlIR “in relation to the operation of an asset” (p.4). e.g. The AIR muslt be a clearly articulated by the client
team before the start of the project (the author suggests writing them down to help think about the words
used fo describe the need), The AIR should provide specific details of asset information needed (not
lists of ‘nice to have') to manage and operale assets on a daily basis and over their whole life, This may
require discussion with operational leams to establish what they need to do their work, meet regulatory
requirements and report on assets for specific purposes e.g. which equipment by type is still under
warranty, The AIR should address the LOIN and include a list of 'specific FM criteria” and 'documents
etc.” needed, Careful thought and clear guidance should be given as to what must be included in BIM
model(s) and what can be delivered in others way e.g. external data bases and also if the information
will go into a CAFM or other FM management system. Note: This may require additional data mapping
and use of COBie.

EIR “in relation 1o an appointment” (p.4). The EIR must take Into account the OIR, AIR and PIR and be
created by the client/lead appointed teams, EIR needs to be specific as they are contractual documents.
They must be clearly and communicate to the ‘appointed party’ what is required from them in terms of
information. It can also prescribe certain project issues from the client's perspective about how the
project is 1o be delivered. It Is recommended readers refer to the authors EIR document available from
the IWFM website .
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Note: 6 BS 85 2®slbggest s the use of Plain Language Qu
check) for informationd tthunderstarslteens ([BSl,2@1Sag Theyican s i mj
be used as fia check against the c o(pBIMAliance 20 8mpr et
p. 11).

The delivery team develop their 3D models and collect the supporting alphanumeric data and
documentsdur i ng t he O6delivery phasebd. During this timnm
the end of the project the delivery team transfer the information to the operations team. It is then
referred to as the AI M f olSO,2E&).i n the 6operation

Experience has shown people and organisations need time to develop their OIR/AIR/EIR properly.
Organisations should ask for what they really requreand not a | otorlyave sd. oThids
highlighted by UK BIM (2019) who ascertained that worthless information has a specific bearing
where relevant information is required. Ford (2020) noted that habitually EIR templates are
manipulated with changes in name and content and then referred to as a true EIR. As noted by (UK
BIM Framework, 2020a, p. 48): Afdefining informati on Keeciga poore me n

i nputs tend to produce poor outputs |l eading to r

Ford (2020, p.paral6)obser ved t hat in practice fia tiny frac

processdefned in theHBA®BEISO®OF¥ed many clients are sti]
impact of the EIRO (i apaild).,Ashworth, Tucker and Druhmann (2017, p. 1) arguefit her e i s 1
for FM and client specificgui dance i ncluding how to prepare an

work during the PhD, including two papers by Ashworth, Tucker and Druhmann (2018): Erap | oy er 6
Information Requirements (EIR): A BIM case study to meet client and facility manager needsé (i bi d
and&r i tical success factors for facility manageme
BIMb . I n addition a project w iEIRhTenplate and Guaance®ly FM
Ashworth and Tucker (2017a) which can be used as a reference guide for producing an EIR
document.

5.8 Assessing the delivery teams response and competencies

The BEP i s ISDelpebMtZ2e@s i a: O6fipl an t hat expl ai nsenthow
aspects of the appointment wil [(ISQ) 2018d,9.r2). iteasdtwo ut
main purposes: Afirst, it all ows the design te
experience, skills, software and hardware to produce the Information Requirements; and second, it

sets out how they will use these tools to undertake the project, including details on collaborative

wor kfl ow and(RIBA, 2020, pnEd5iAn d@ppoi nt ment & BEP is wused
(appointing party) to assess the delivery team
competencies, capacity, approach to risk and whether they have understood the c | i dnfotmaten

needs. TheBEP must include a (0,288 opnldiamidl iat ipmatpois e d
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of software (including versions), hardware and |

(i bid). O-nappantmeride BER ei s signed it becomes the 06cc

Thd S® 1 9staidards state the delivery supply chain (the main appointed party and their

suppliers) are required to plan their project de
plan (T | DRP$()2018d,p.15). The fl ead appointed party shall
team to establish the delivery teambés master i nf.

used to control the BIM project and deliver the PIM.

5.9 Using a common data environment to manage the project information

A CDE is essential to the success of every BIM project; McPartland (2016) suggested it should serve

as the ultimate source of truth. Apr oj ect CDE can be thought of as
workspace and Rock (2017) observed it allows progression and functioning of a project, enabling
information to be accessed and shared. 4SO 19650-16 def i nes a CDE as the
information for any given project or asset, for collecting, managing and disseminating each

inf ormati on container t h(0y 2008b, . 5MSectiorg I bf the same e s s 0
standard states a ACDE solution and workfl ow shoi
management and 6@ R0&8b,tp.2d)el i ver yo

Clients should be awals®196502dt nolt ®ustehi 5. 1li.s7 tohfe &
6appointing partyd (client) b 4SO, 2018d).df set uplcarrecttya n a g ¢

McPartland (2016) suggested the benefits in Table 5.9 can be achieved:

Table 5.9: Benefits of a CDE to a BIM project team (McPartland, 2016)

Area Benefit of the CDE to project team

Saving time and costs Shared information and coordinated data reducing both time and costs.

Using information/modeis All team members can generate documents/ views needed using different

for collaboration combinations of the central assets, confident that they are using the latest assets
Improved coordination Spatial co-ordination is inherent in the idea of using a centralized model

"Access 10 latest information | Production information should be right first time assuming that contributors adhere
to processes for sharing information.

I't is important to note that the CDE has two mair
Thd S® 1%8m:m0hd@dards clarify the difference fAthe CD
used and a CDE solution can provide t #S®,208xhnol o
24). To ensure control of the information sharing
defined access areas for the project stakeholders combined with clear status definitions and a robust

wor kfl ow description for sradelietralg20d6npd2).approval pr
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I n todayds digital world thbdasc®O&adwsbl ubbifomrn bt
system e.g. an Electronic Document Management System (EDMS) or multiple systems depending

on the needs of the project (UK BIM Framework, 2020a). This requires a debate on whether to use

an 6opend or Ocl bwasdbderv&IbpwOldiigdetrab @l thatfit he worl d o
encompasses proprietary BIM such as the products produced by Bentley or Autodesk and then
openBIl M, represented by b uiluadandzeBgN20R4T stated, &closed a n d a
BI'M solution wuses one o Wheréab ansapen BlMasoluitianeaiowspthiea t f o |
stakeholderst o use whatever system suits them best (wi
needs. Figure 5.18 illustrates the two approaches (Siemens, 2017).

-

-
closed BIM
| Open Exchange

Native Autodesk Revit

LMle closed BiM

Omdhdplm

Figure 5.18: lllustration of open and closed BIM and closed BIM (Siemens, 2017)

The future trend seems to be leaning towards open BIM solutions However, whichever solution is
adopted, early definition of the CDE functionality; the proposed workflow; and establishing whether
system interfaces are required (UK BIM Alliance, 2019)i s very iIS@QA¥0t2&a ns ugge st
Afusing open standards whenev eperatipgopsosedubes ® enableda c | e

consistent approach by all organizations involve
(ISO, 2018d, p. 11).

Figure 5.19 f r ol8&0D 19650-1 dlustrates the concept of a CDE as a control process for version

control of current work. Submissions of documents/models/information are in one of three states:
progress; shared; or published. Each author maintains control of their own information and uses
status codes to identify the st at udheodldtional Arfnexii mat i
601l SO 2F6EHO0 e NA. 1. The |l ast state O6archi vaoédaycont
operations, but which might be needed in the future e.g. for renovations projects.
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SHARED WORK IN PROGRESS
:;.
Information approved for E : Information being developed
sharing with other !D—C - by Its originator or task
appropriate task teams and ~ f team, not visible to or

delivery teams or with the 5 % accessible by anyone else
appointing party E
]

Task Team
Task Team

S Task Team
REVIEW/AUTHORIZE

Information autherized for Journal of information
use In more detailed design, transactions, providing an
for construction or for asset audit trail of information
management container development
. P )

Figure 5.19: CDE concept as explainedin6 | SO 4196, 2018b)

When set up properly a CDE will allow information including 3D models, information and other
documents such as concepts and calculations to be easily shared. A detailed review of the processes

for information sharing in the CDE prior to issue are listed in clauses 5.6.3-5 and 5.71-4 dSO 6
19650-2 dt.is important to understand that in practice teams work with more than one BIM model.
Each discipline is usually responsible for all aspects of their own model(s) stored in the CDE. These
can then be brought together for clash detection and to check the overall design. They are then
referred to as RICE 2@S p.19. Thesgrincpte dsdllstiated in Figure 5.20.

Mech al Plumbing

model
Structural < Constructor
\ model A model
Architectural
model

Other

disciplines

Federated
model

Figure 5.20: BIM models making up a federated model (RICS, 2015)
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#SO 19650-16 notes the CDE s ol ufenaldenthe davalopneot ofiaffetecated mu s t
information modelo (1ISO, 2018b, p. 23) a n d the artd of a project, information containers required
for asset management should be moved from the PI
clients a way to electronically store a centrally managed dataset, which will minimise data duplication,
and facilitate up-to-date data sharing between various decision-makers; and that such systems can
support decision-making at the organisational and national level (Wanigarathna et al., 2108). Another
key benefit was highlighted by Miettinen et al. (2018, p. 14): ithe idea of BI' M a:
database that can be used during the whole-life-cycle of the building is one of the most enduring

el ements in defining the potentiality of BI Mo.

5.10 OpenBIM standards

The r ®ataforthe Bublic Goodd(National Infrastructure Commission, 2017, p. 5) highlighted

the importance of open data reporting an fAannual

U K dRossiter and Hooper (2020) define open data as, data available/visible to others and that can

be freely used, re-used, reepubl i shed and redistributed by any
include: HTML, PDF, DOCX, XLSX, PPTX, ODT, ODS, ODP, IFC, PNG, GIF,MP3, CSV and ZI

With specific respect to BIM Patacas et al. (2015, p. 313) observed:

Open data standards such as the Industry Foundation Classes (IFC) and specifications such as

the Construction Operations Building information exchange (COBie) provide the capability to

capture Facilities Management (FM) data requirements in a structured manner from the early

stages of project development.
However, it is important to under spr@geostdnfofimatiomwillu g h o
pass through multiple software solutions. During these exchanges it is the information, not the
sof tware used, that provi des v(dK BiMFramawork, 202Qa). It wa r e
logically follows that structuring the data to ensure interoperability is critical to the success of BIM.
Rossiter and Hooper (2020) suggested the international organisation buildingSMART play a central
part aorfitdlwe de i ndustry body driving the digital
manage the 6éopenBl M6 standards which provide #fa
participants, promoting interoperability to benefit projects and assets throughout their life-cycle. They
also have a O6certified softwared |ist used by
(buildingSMART, 2020a).

The open standards enabl e wor kf | oweirdatawitdanyBIMd r ent
compati bl e (buldngSMARTy 2020b, p. para 3). | mportantly they ar
meaning software suppliers do not control them. Figure 5.21 from Lai and Deng (2018, p. 539)

highlights the c¢critical i ssue on O6interoperabil]
where Al FC schema acts as a medium for bidirec

het erogeneous softwareo.
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TFC hased

l‘_—. Bullding Gy
Informution
Model

(a) Traditional method (b) BIM-based method

Figure 5.21: Data interoperability between software tools - Lai and Deng (2018)

|t is exactly the o6l ack of i nteroperabili th® t hs
highlights the key buildingSMART openBIM standards which are in place to overcome such
problems.

Table 5.10: Key buildingSMART standards (buildingSMART, 2020b)

Name (process) Standard Standard purpose (buildingSMART, 2020)
Industry Foundation Classes 'I1ISO 16739-1:2018' An Industry specific data model schema.
(IFC)
Information Delivery Manual | 1SO 29481-1:2016' A methodology for defining and documenting business
(IDM) 'I1ISO 29481-2:2012' processes and data requirements,
‘IS0 29481-3'
Model View Definitions (MVD) | ‘bulidingSMART MVD' | Data model exchange specifications
BIM Collaboration Format 'buiidingSMART BCF' | Model-based, software-independent communications
(BCF) protocol.
buildingSMART Data ‘ISO 12006-3:2007" A standard library of general definitions of BIM objects and
Dictionary (bsDD) ‘bulldingSMART bsDD' | their attributes.

A key benefit is improved interoperability and open sharing of data which in turn empowers
Afcoll aborative design, c on $RIGSLELE, p.aL). BiMtodls whipheusea t i o |
the standardsycenchmoge ea®jlct and spat(Naidnaldat a
Infrastructure Commission, 2017). Some of the benefits of the openBIM approach are shown in Table

5.11.
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Table 5.11: Benefits of openBIM standards (buildingSMART, 2020b)

No | Functional benefit | Specific benefit (buildingSMART, 2020)

1 Interoperability Provides the key to the digital transformation in the BA industry.

2 Open Open and neutral standards should be developed to facilitate interoperability.

3 Reliable Data exchanges depend on independent quality benchmarks.

4 Collaboration Workflows should not be limited by proprietary processes or data formats.

5 Flexibillty We need open choice of technology to create more value to all stakeholders.

6 Sustainability Sustainabllity is safeguarded by long-term interoperable data standards.

IFC is central to openBIM, Baldwin (2018a) highlightingi t s i mpor t anc e: isome wo

standar d, for openBIlI M dat a e xc hfaeo616).note IECsasthes e cr

best known global standard which is actively used for data exchange by many stakeholders in the

building industry. I't is the key to stakeholders
they use t o ¢ eBaldwini20i8a)suggested tthiokimggodf. | FC | i ke the 6épd
softwar e | i ke Revit, Archi CAD et c. can produce O1F
original contento. These can then fAbe viewed, me
simulations etc. o (ibid). H ogwhangesr If requirédCthesesmustbet i n

made back in the Native software. The use of Native and IFC formats for working between software

systems and the CDE is represented in Figure 5.22.

Model creation Model exchange

Native Model Common data
Envirconment Environmant

Figure 5.22: Native BIM software in relation to IFC (Baldwin, 2018a)

The other standards empower more flexibility for stakeholders using BIM. The buildingSMART (2020)

Data Di cti onary (bSDD) provides filan onl ine t ool 1
translations. |tés sort o{Badwnkel8h).hensu@easgridadiséd an s |
use of terminology across BIM softwareinmu | t i pl e | anguages e.g. the di
English as a 6Fensterd in German. Model View Defi

IFC views basically allowing you to simplify the data exchange process and to avoid sharing useless

or redundant information whi |l e(Biblusl2020)wHomegamge, i nd ar
someone wants an | FC export for energy simulati
packaged to avoid getting every828ing. The princi
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SCHEMA IFC MVD
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Schematic representation of the MVD

Figure 5.23: Sharing information packages with IFC using MVD (Biblus, 2020)

Building Collaboration Format (BCF) is especially useful during projects to track and resolve issues
in design. It allows people to send mark-ups of models and automatically track issues which need
resolving (Baldwin, 2018c). I DM is fAused to identify discrete
thelifeecycl e of a built asset, and to det a(Desigtnge i n

Buildings WiKi, 2017).

One of the most significant tools for FM is COBie. Wilkinson (2019) described it as an important
Afsubset ofBSIIPRE4, (arhde @S f a buildddgSBIART )modél aiew definition
(MVD) which includes @@ple20l4,tpi 4. Manil (2018)nhaied @@Rieiisofinad
non-proprietary data format as distinct from geometric informaton 6. As such it i mpor
the transfer of ©6al phanu metwasmoriginaiyfdevelopedtby East 200Y)n B |
with an interdisciplinary team of architects, planners, builders, operators and software companies for

the US Army Corps of Engineers in the USA. Their aim was to meet requirements for information

exchange during the planning and execution phase up to the transfer of data into the management

phase.

Yalcinkaya and Singh (2014) noted IFC can be viewed as a Standard for the Exchange of Product

model data (STEP) file, but these were designed for machines and not humans to read.
Consequently, COBie is usually viewed in spreadsheet format. Hamil (2018) argued COBie was very

i mportant as one of BIWKevst20d el hmenabbe&kegnd as of
UK National Annex within S EN ISO 19650-206states that non-geometric information exchanges in

open data formats should be structured to COBi e f
described i n B 116246 Figlire b.24iilluistrates an dverview of all the spreadsheets

used to capture essential information required for the operations phase (BIM Working Party, 2011,

p. 61).
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Facility design . Job
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Contacts Coordinates

common Documents Attributes

Figure 5.24: COBie spreadsheets (BIM Working Party, 2011)

In terms of the future possibilities, Figure 5.25 below based on work by Meslec, Hubbuch, and
Ashworth (2019) illustrates a future scenari o wl

orientateddatabase with a BIM server6 which prevents th

Figure 5.25: Stakeholders/tools in BIM projects - Meslec, Hubbuch, and Ashworth (2019)

Page 132 of 523



The evolution of FM in the BIM process:
An opportunity to use CSF for optimising built assets

Figure 5.26 shows another perspective where we can see the use of IFC to ensure information flow
across the whole-life of a BA.

0 =~ |1 2 3 4 5 6 7 "
¢ ¥ 3
>
Strstegic Preparaton [Concept Spatia Technicu Manufacturing
Oefinition and Briefing 5igNn Cocedination Desgn st Coomtruction | Handover Use
' ! : ! | : '
x X
I Data Input (collection) |
'
Informabon requirements > BRARCIR
infinad By the client/Fis nformation requirements

Svructurng of data. (FC, eBKP imapong wmith ather Dafe Dhotonarms)

Dwfirsnon of dafa iodes-(inks|
Defimtian of daly category
1#C Based Baaid
Object Oriented L S TR e — i
Database @[ @[ — [ - j
> [y -
BIM Server —_— — ) e i
rmation requirements collecied dunng the BIM process
|
1
Mo
INEIMNATION TOGUTMants
@ MO Siractiat Analyiis e @) VD Coorication view @ e fon
|
[ Data outgut | ]
1
P ! 1 ! gy — ]
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# - .
Strategic Proparstion Cancapt Spaial Technicsl Maredacturing
Dwhinition and Brimfing Dewign Coordination Design nnd Construction § Handower Use

Figure 5.26: IFC information across project life - Meslec, Hubbuch, and Ashworth (2019)

5.11 Using building information modelling for existing built assets

Most of the focus of BIM is on new builds. However, as we saw in Chapter 4.8 the majority of the BA

we currently use already exist. Carbonari, Stravoravdis and Gausden (2015) argued that existing
constructions could benefit from BIM management. Some research case studies report savings using
retroomodel | ing of existing buildings: A3D model l in
achieve a 4. 46 p eCivl ¢ Strucural Ergineers2818,ipnpgra 1.

Other academics like Hossain and Yeoh (2018, p.6) o bser ved: fAmost exi sting
a BIM and creating a BIM forexistingb ui | di ngs i &haddhjaand Seonrg 2016y @ 1532)
suggested there are considerable technical chal

automation of data capture for BIM creation, maintenance and updates for a pre-existing BIM model,
as well as in handling uncertain dataod. They al s

are the most serious informational <challengesodo (
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capture

buildingsbo

A literature review of over 180 publications by Volk, Stengel and Schultmann (2014, p. 109)
techni
. Their

for
fi ngs
2. Updating of information in BIM

ques st
1. High modelling/conversion effort from captured building data into semantic BIM objects

exi ng BA
ndi highlighted

i ndi
t hree maj
3. Handling of uncertain data, objects and relations in BIM occurring in existing buildings
shows their summary of the techniques.

They also researched a range of possible techniques for capturing/analysing existing BA. Figure 5.27

Data capturing and building
survaying technigues
Non-contact lechniques Contact techmques
| 1 1 I 1
Image-based techrques Range-based techmques Other techniques Manual tachmques
Photogrammetry Laser scanning Taggng
(monocular, stereo) (LADAR LDAR) (RFID, Darcodes)
Videogrammatry Laser measuning

Other tachreques.
s Tape measurars Calipars
Presousbng iformation
(photos. Soor plans_eic )

Electrome Distance
Global Positoning Syatem
— J
LADAR: Laser Detecion and Ranging
LOAR. Light Desecto 4 Ranging

RFAD Raglo-Frequency iantificason

(GPS)

Measurament (EDM)

Othes

Other

create a BIM model for new and existing BA (ibid).

Figure 5.27: Data capture techniques for existing BA - Volk, Stengel and Schultmann (2014)
They went on to suggest the simple flow chart shown in Figure 5.28 to indicate possible paths to

Availability of Building LC stages
preexisting BIM BiN oreation processes following ISO 22263:2008
" Inception
,'//‘ l
& - Casel As-plamned’ BIM creation [/ _» Brief
New building — Not avalable + Updating t‘
\ i
I". N Design
\ l
\ L
;. Avadable ——» Casell Updating preexsting BIM \ Kl
|\
Existing building -\/ )
N
N
> Not avatable

, Casell. As-bult” BM creation
~» Possible paths of BIM creaton

Producton
\\
( Points-to-8MM" process)

L\
“_fl

Kantenance
\\

(nc|. redrofits)

(ncl debris management )

Deconstruction’
Figure 5.28: BIM models for new and existing BA - Volk, Stengel and Schultmann (2014)

The use of the various technologies described by Volk, Stengel and Schultmann (2014) encompass
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creation of simpler 3D models (BIM and others) more possible in the future. Khaddaja and Srourb
(2016, p. 1526)notedBI M i s becoming popul adr fwenprefjectist $ 0
how BI M be wi t hBIM & Exssting BuddingBMagaaie@

(Charlton, 2018). In construction there is increased use of automated data capture technology for

for can used e X |
quality and progress checking to reduce faults at handover. Al i zadehsal ehi @1&pd Yi

102) r esear ch
information from real-life physical project processes and visualization of as-built status of a project

M has

reported dAsignificant progr esstimg owar

using BI been achievedo.

512The Government és future plteamsbrmationh respect to

Both this and Chapter 4 highlight that digitalisation and BIM has developed at a fast pace. Back in

2011 the Government had already set o uis reflected f i n a
technol ogical advances with the aim of wusing #Afu
based on the buil di ngSMART (BIMROrkihgPafty, 2014 p. b1 Biguset a n d -
529i l lustrates the Governmentés vision in 2011 in
Design Construction Facility Management

- . P ~

§» _cAD-8m e — 7 FM, O8M oF :

- Separate Devevopment Paper / Spreadsheet y > Aplmm g 8 e

£ -~ FM, O&M '6 g

3 export Spreadsheet (COBie) Applications w E

‘export Specific Client Requirements -

£  (Em IFC enabled 2 :

S | , FM, O&M 2 "

kA axport IFC Model =3 Applications

@ I i " - Y

é [“ S B _J E':;Wu ® é

c Data Application L Applications =

o Ufecydle \

{ f

TheBl M2050

insights as

Figure 5.29: UK Gover nment

t o

government

B (BIM Warking Party, 2001) si on 6

t hi

and key technologies moving the industry to Levels 3/4 (Figure 5.30).
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Figure 5.30: Socio-technological frontier (Thompson et al., 2014)

Philp (2014, p. para4) not e d: Aithe report envisages that di g
industry landscape, giving life to new innovative ways of working which are transformative, dynamic,
rapid and disrupt i veetd.y201d)ealsa regparied thafTtheaatepos anange in
technology is going to lead to a need to adapt today® skilst o sui t the demand
requirements. Considering what might come in the future, we can see that CDE will become
increasingly important formi ng di gi tally managed platforms fma

management systems (Preidel et al., 2016)0 .

T he r Agset nformaiion Management-Co mmon Data Environment Func:
described the future government vision for #fa BI
Data Envir onme f&2IM WokingGraoi) BOLE) p. 2). The purpose fAis
standards compliant environment to specify, collect, assure, store, present and exploit BIM Level 2
information (structured data, 3D models and documents) about the development and operational
phases of mai nt ai ned an dhe odpbe(R02X eotbd faves mustt recagnisé i b i d
infrastructure as a system of systems and manage it accordinglyo . They went on to

infrastructure strategies must address the whol e
Figure 531i | l ustrates how different systems might be

an asset6 bfe-cycle in practice (Burgess, 2016, p. para 3). It also shows the possibility for combining

systems from different providers.
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Figure 5.31: Example concept from PCSG of an extended CDE (Burgess, 2016).

Other technologies such as Al and machine learning are starting to impact on industry. Architectural
practices are already experimenting with these technologies to improve and optimise the layout of
space in buildings (Chaillou, 2019). The Government recognises the importance of bringing BIM and
these other technologies together. Figure 5.32 illustrates how the functional requirements of an AIM
CDE might look enabled by a wide range of technologies to help governments and society have

many useful future outputs.
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Figure 5.32: AIM CDE functional requirements (BIM Working Group, 2018)
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5.13 Chapter summary

The literature emphasised that the new digital economy is changing the way in which we work and
live. This impact is currently in full flow in the construction industry which is running to catch up with
other industry sectors (Philp, 2014). BIM is the key trend which is driving the ACE industry
transformation at incredible pace, even within the timeframe of this PhD. It offers new collaboration
opportunities for new and existing BA to improve productivity and address issues which have plagued
the industry for many years. However, the research also exposed gaps in understanding that in order
to deliver the potential benefits of BIM people need to develop competencies with respect to ordering
BIM projects and adapting to more digital ways of working. This includes developing a deeper
understanding of issues such as standardisation, openBIM, IFC, COBie etc. People need to become
more familiar with BIM standards which have undergone a complete overhaul moving from local
PAS, t o i nlt$®0® nh%tarmdds he UK BIM Framework website which replaced older
Government websites is how seen as the focal point for all UK BIM guidance. Clients need to set up
BIM strategies which align with their strategic needs and there must be a focus on clearly defined
information requirements (OIR, AIR, PIR and EIR). Projects need to consider the CDE setup and all
stakeholders including FMs to work towards what is really needed avoidingt he 6 gar bage

out 6 s cChapter 6 discusses the role of FMs in detail.
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Chapter 6: The role of facility management in the process

The purpose of this chapter was to address research objective (a) to assess the state of the art and
identify CST important to delivering successful outcomes when using the BIM process. Specifically
it discusses how BIM can deliver not only significant cost savings over the whole-life of assets but
also to deliver sustainable and social outcomes for society. How FMs have a critical role in the BIM
process is discussed. The importance of ensuring people have the right competencies and training
was also discussed to ensure vital operational knowledge can be brought early into the process and

FMs can help define operational information requirements.

6.1 Early facility management involvement

In an interview with Ashworth and Tucker (2017, p. 5), Mark Bew noted, i t lasset and facilities
management sector play a critical part in the safe, reliable and productive delivery of services across
t he n aHoweween éxactly how FMs shoul d best engage in the
fervent debate wit h(Hosseihiletal, 208 p 2).tAn impottaat candept is tat

P

t hi®@ © nrepBs$eMs the finformation whichi s at t he (Haal,r2012, p.para2l)Mo

Planning, designing and constructing a BA produces enormous amounts of information, much of
which is critical to FM operations and software. However, Lavy and Jawadekar (2014) observed
much of this information i s | leadingtochddiional time and posto r
in retrieving mislaid data. Research by Newton (2004) noted inadequate information access and

interoperability issues during operation cost the US $20 billion annually.

Figure 6.1 from Ashworth (2019) illustrated challenges FMs traditionally faced at handover. They
need i nformati on f rshawn ib gre=n) BeB3IDModels, alghansnselc data and

B

0

documents, i n or der t oto-daypp &Mt o¢ (lownt in pnk)sid. 6FM process

services, cost control, a n d product sé. gheénelines iefleét nhie doksiai donsi t e

knowl edged ¢team leaveehe préect as the day of handover (acceptance & opening)
approaches. In the past FMs were often only invited to join the process at this point (Ashworth et al.,
2020). They then somehow, had to familiarise themselves with, and find all, the information needed
for operations. Not surprisingly this has often led to a significant loss of information in the transition

process. This is illustrated in Figure 6.1 as | Deéth Valleyof knowhowo.
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death valley of knowhow

. )

Documents

Costs

Non-graphical

Services
FM Information needs

Construction Project Information

3D Graphical

Processes

Acceptan#e & opening ‘

Figure 6.1: The Death Valley of knowhow at handover (Ashworth, 2019)

Azhar, Khalfan and Magsood (2012, p. 21) s u g g e s t enill sighiBchntly help to prevent these

| osseso.

Figure 6.2 (Ashworth, 2019) represents a view of what should happen in the process of transition.
First is that it is a process and one which requires adequate time to be done properly. Early FM
engagement within the design and construction process is vital in order that owners and designers
receive value for money Beadle et al. (2017) noted. This is represented by the pink lines brought
forward to the project start. FMs can then ensure the right information requirements are in place as

shown by the blue boxes from the start of the project.
Plans should be put in place at handover to ensure the right as-built information (AIM) is transferred

to FM management systems, enabling FMs to optimise assets, costs, processes and user

satisfaction in operation.
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Figure 6.2: The need for early FM engagement in BIM (Ashworth, 2019)

In industry there has been a gradual paradigm shift in thinking that in order to get the maximum
benefit FMs need to be included at the start of a BIM project (Ashworth et al., 2020, p. 4). This is
reinforced in S 8536-1:2015, which p r 0 mo ¢adysnvofvement of the operator, operations team
or facility mana@®@®8lr20l5aam 1).dgp rad psroi antoetdes t he i mport
and that to ensure Ousabilityd: pofiataumste gnd reldvant i si o
information and data, and their impact on operational needs has to be understood before they are

commi tted to construction work and/ or install ati

6.2 Ensuring the benefits of building information modelling in the operational phase

With respect to the key beneficiaries in the BIM process; research by Eadie et al. (2013, p. 145)
indicated: Acl i ents foll owed by faciloimtiBdsM manpd geanesnt k|
fdespite this, over 70% do not provide a 3D mode
(ibid). Chapter 2.6 illustrated that most of the cost of BA over their lifetime e.g. up to 85% (Miettinen
et al., 2018) occur in the operational phase. Eadie et al. (2013) noted that, in the norm, less than
10% of projects utilise BIM in operation and management phases, unlike construction where BIM is
well established. Haines (2016, p. para 1) agreed, addingt he fuse o blogyBih fle t e c |
operational p h a s eycle i jusabedinningltodtakenhgld as building @vners look for
new ways to i mprove the eff ec {Thepeceivwdwluedyowhersefi r f
BIM for FM was reported as very high by McGraw Hill Construction (2014) who noted 98% of UK
building owners would perceive high value from BIM. They also reported that D&C contractors
believed ROI will be highest at handover, yet the adoption and usage figures tell another story,

reducing as projects move to operations as shown in Figure 6.3.
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85%

% of contractor adoption of BIM by Phase
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Content drives 16% E
constructible data early 9% 4%
at less cost
Concept Engineering Estimating Project Planning  Construct Document &
& Design Hand over

Figure 6.3: Potential vs actual i BIM in operation (McGraw Hill Construction, 2014)

Only by increased engagement in the process will clients/FMs reap the rich benefits in operation.
This was highlighted by Sarah Davidsoni n @& Beh 6 Annual (NBS5M2Gepp8&):r tMT h e
client has a significant (and arguably the most important) role to play within the information
management ecosy shoedibe.modiamneon learrier (at 64%) to BIM adoption was
il ack of cl(bid p3); reidferced thedabpgument more needs to be done if BIM is to be

successful in the operational phase of BA.

Thomas (2017, p. 2) noted the mainr ol e of FMs is to fArepresent th
(employer) and end-user to ensure that a facility can be operated, maintained and managed

effectivelyo

Figure 6.4 illustrates an 6 F-BIl M str at egy 6 develapedebp Ashworthd2016) and
subsequently updated in 2020. It highlights the role of FMs in BIM projects showing a client 6 F M

re pr e s e npredetablywirehduse FM, but it could be a FM consultant) appointed as recommended

by BS 8536-16 .  Thwoeld/be familiar with important BIM standards and the IWFM and UK BIM
Framework BIM guidance documents. Their primary role as part of the project team is to review the
client organisationé6s information needs (OIR and

the organisation& wider corporate and AM strategic approaches.
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Note:The original 2016 model was upld2® eld%tanGeddd® OK2BOM Framewark guigamce with hew @tMhrdormatiomPraiocold
IWFM guidance and the &RIBA 2020 Powé
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Figure 6.4: FM-BIM strategy concept model 2016 updated (Ashworth, 2020)
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Where there is no client BIM strategy the representative should help put one in place. The initial
steps should be guided by using the IWFM/UK BIM Framework guidance. Ashworth (2016)
suggested PLQ are used to establish the information requirements prior to creating the client EIR,
which should be focused on the needs of the client and specific to the project. This is then shared
with the delivery team so they can cascade the c | i eEiRtaddsinformation requirements through
their supply chain. The lead appointed party from the supply chain can then respond with their BEP.

This will ensure the project starts with a clear set of information requirements.

When preparing the requirements Ashworth et al. (2020, p. 4) noted: A | t shoul d be ¢
information is needed for everyday operational processes and reporting needs Ultimately, the AIM,
should be transferred at handover so it can be utilised without delay by the relevant stakeholders
stated (not in 6 months or 2 years, as is sometimes the case) Thomas (2017) . Another argument is
that FMs are ideally placed as they understand both the client®& vision, mission and business
objectives. They also have unique operational knowledge to best plan the information really needed
to deliver, operate and maintain BA over its whole-life-cycle; and work with the client to ensure

commercial, sustainability and other aspects are taken into account.

Schley (2011, p.49)ar gued FMs need access to Ainformation t
Florez and Afsari (2018, p. 2) stated the plan for acquiring such information should be SMART and

i nclude: Aimaterial types, floor characteristics,
lists, connections between equipment, product data sheets, warranties, preventive maintenance
schedules etc.0This information builds during the project following the RIBA 2020 PoW stages until
handover at stage 6. The delivery team is tasked until this time to ftollect O&M information about the

syst ems a nAshwart etalt, 2020, p. 6).

It is important to note that the handoverisa Ot r an s i tas lbighlighted m ¢he 4Psnfbdel in

Chapter 2.6. This requires careful planning over time so that the information needed to operate the

BA is ready from day one. Teams must consider at the start of the project how the process for
checking data quality will be conducted during handover, and how relevant information can then be

linked, or transferred into relevant FM management systems (CAFM, SAP etc.). A6l essons | e
exercise should be conducted to provide an improvement feedback loop for the next BIM project.

The process may require afinal6r e duct i o nengure celevarst mférmdtian can be migrated
(Using COBie or other means) into FM management systems. The process of information build-up

over time is illustrated in Figure 6.5.
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Asset Information Standardised objects and

Management Systems common guidelines and
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Figure 6.5: Information build up: construction to handover (Ashworth, 2018c)
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The UK BIM Framework notes that in order to support the delivery of BM projects clients/FMs need

to fulfil certain key tasks. Their guidance (UK BIM Framework, 2020a, p. 10) provides a summary of

the tasks to

be undertaken by the client (@ppointing partydi n | i h & Ow il Gperrable 6.1.

Table 6.1: Client activities in the BIM process (UK BIM Framework, 2020a)

Activity

Client (appointed party) and FM activities in a BIM project (UK BIM FRAMEWORK, 2020)

“Establish the project's Information requirements, information delivery milestones and information
standards” (p.10). Note: includes the QIR, AIR and EIR.

“Identify specific procedures for the production of information Including Its generation, delivery and
secure management” (p.10).

“Identify existing information and/or resources that are relevant to the delivery teams you will be
appointing to this project” (p.10). Note: this should be communicated to the delivery team, so they
are fully aware of any existing relevant Information.

BS 8536-1

technology in place to support 0 (B8ly2015a, 2 22B Clikhis,

| *Establish a common data environment (CDE) to support the prbject and the collaborative
| Review tender returns (including BEP and MIDP) to ensure they meets the client’s requirements and

risk . Note: author's own interpretation,

“Establish the project's information protocol for incorporation into all project appointments” (p.10).
production of information™ (p.10). Note: this can be done by a third party.

also assess the delivery team'’s BIM capability and competencies, mobilisation plan and approach to

Gotes: it he owner should take steps to ensur e

should accept an element of investment for IT; possibly the CDE, and training for staff will be required

when engaging with their first BIM project (UK BIM Alliance, 2019). Table 6.2 helps give a sense of

the time required by FMs across the RIBA stages. Thiswas takenf r o m t h &he roM/Bf FM ia
BIM projects6(Thomas, 2017, p. 15) and updated to reflect the new RIBA 2020 stages.

Table 6.2: Estimate of FM involvement in RIBA 2020 stages (Thomas, 2017)

Estimate of FM time spent during each stage of the RIBA PoW (Thomas, 2017)
RIBA Stage | Description of the RIBA 2020 PoW stage Percentage of FM total project time

0 Strategic definition 5%
1 Preparation and briefing 15%
2 Concept design 10%
3 Spatial coordination 10%
4 Technical design 15%
5 Manufacturing and construction 5%
6 Handover 30%
7 Use (BIM reiated tasks): time for POE of process and design 10%

Figure 6.6 from the UK BIM Framework reminds us of the need to define a clear hierarchy of

61 nf o rrneaqtuiiorne(an elatailed i Chapter 5.7) and are central to the success of BIM. The

OIR is the starting point and its focus s houl d

6det ai

wh

bevéhi dhusi nes AR s mdreat e d 6

| endnt s p @ @ théRiR ade digh-l evel pr oj e findllytheeElRshoelditdke a n d

all these into account and.be 6detailed appointm
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Figure 6.6: Hierarchy of information requirements (UK BIM Framework, 2020a)

However, as Heaton, Parlikad and Schooling (2019, p. 14) observed, when trying to translate the
OIR, AIR, PIR and EIR into defined outputs, there is often a ffundamental lack of understanding of
what information should be collected to support the efficient management of assets throughout their

li.fed

Experience has shown a good way of establishing the information needs of the OIR and AIR, is to
develop them directly through workshops, with relevant experts from within the organisation who
have a detailed under st an dAnmx@ampleffrom thiseappmackyiapractseat i or
was conducted in 2019 with the Viva Real AG (2019) organisation in Switzerland. The project team
shown in Figure 6.7 included the client, Drees & Sommer (taking the BIM manager role), and
Leuthard (construction partners) working together with our ZHAW university (as FM advisors) to
develop their BIM strategy, OIR, AIR and EIR. The construction team prepared their BEP in parallel
and the whole team collaborated to eliminate any surprises and ensure the project started with clearly

defined requirements.
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hop 01

Figure 6.7: Collaborative OIR, AIR and EIR development (Viva Real AG, 2019)

Figure 6.8 illustrates an example agenda used during the initial workshop to explore key OIR issues.
Note: the Swiss equivalent is OIA. These included: core business strategy, management and
statutory reporting needs, pains and gains (used to explore where they would hope to get maximum

benefit from BIM), processes, software, information needs etc.

VIVA W REAL
Agenda
3 hours
Permission to record and Team photo
1) Define aim and objectives of workshop 05 min
2) Review the purpose of the OIA (OIR) 10 min
3) Review of practice examples of an OIA (OIR) 15 min
4) Workshop Sessions - The VIVA REAL team:
Session 1: Core business strategy 30 min
Session 2: Management and statutory reporting 30 min
Session 3: Pains and gains 30 min
Session 4: Processes, software and information needs 30 min
5) Wrap up and next steps 30 min

Figure 6.8: Example OIR development agenda (Viva Real AG, 2019)

The next step after the workshop was to turn the outputs into an OIR document. Similar workshops

were then used to help the project team develop their AIR. This allowed the information requirements
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to be clear and developed in partnership based on detailed inputs from the client organisation. This
workshop approach aligns with suggestions made later by Heaton, Parlikad and Schooling (2019, p.
14) who described a similar process for establishing an AIR as shown in Figure 6.9.

7 EAM system
( has been )

T tablished 7
_~7) Document and™._ o "3

communicate the J L
( developed )

Information / 7:7\(7/ o
requirements__~ 4 (1) identify, extract )
= and categorise [
//\ organisational —
i 3 . requirements /
Yes, fit for
purpose \//
(6) Validate the (2) Dtevglup assel
functions, systems
doveloped information
< o and products within a
requireaments otf 8 .
_ classification system
/\ - No,
requires
review
( Identify OIR tha
(5) Davelop Assel 4 (3) Identifty OIR that
. A align to the
Information & :
Roquiraments “ ,/ organisational
s N requirements

Functional —
Informalion < ___,—/
Requiremaents / J

Figure 6.9: Process for establishing AIR - Heaton, Parlikad and Schooling (2019)

ZQ v T | /

Experience of developing OIR, AIR and EIR documents has shown they have both dnique6and
@enericéelements. For example, most OIR willdescribe 6 manage ment r ewhichrusualp gd n
include similar reports across many organisations e.g. H&S, compliance, energy reporting etc. With

the AIR generic similarities occur as they are developed around standard building elements (most
buildings have a roof, doors, windows etc.) that require maintenance etc. In this context some of the
sections of typical OIR/AIR may be similar to others. However, each organisation and project is

unique. As such the worst thing -peas pppréachcusing otileoOIR/AR u s e
documents without going through the process of ensuring they are specific to the
organisation/project. This extends to the EIR, as was highlighted by Ford (2020) in Chapter 5.7. It is
essential that project teams put in the effort at the front of the project to properly work through and

define the information requirements.

Part of the role of the project team is the important task of defining who has responsibility for what,
and who, is the most appropriate party to deliver specific sets of information. These responsibilities
should be clearly defined in the EIR and incorporated into formalc ont r act s using an
management r espons i dthelexample showntinrds160656G-2:2018:IApmp etn di x A

This avoids later misunderstandings and possible legal action. Clients can downloadt he | BRM 6
Template and guidanced by Ashworth and Tucker (2017a), from the IWFM website which was

developed specifically to meet the needs of clients/FMs. Figure 6.10f r o m t h Eritiqalasyreess o6
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factors for f

2018) illustrates the overall structure of the EIR.

acility

management e m@BIMo(fsbwoibhsetal, nf or

0. General guidance and notes (note: this section is provided as guidance and is removed on formal issue)

1. Purpose and scope

1.1 The purpose of the EIR
1.2 Use of the terms client, client’s representative and contractor

2. Client BIM and asset management strategy and objectives

3. Project details
3.1 Project information
3.2 Project contact list

4. Management Requirements
4.1 Applicable standards and guidelines

4.2 CIC BIM protocol

4.3 Project roles and responsibilities
4 4 Existing client CAFM/IWMS or

5. Technical requirements
5.1 Software

5.2 1T and system
performance constraints

enterprise asset management systems  system

4.5 Model creation and ongoing

management

45.1 Planning the work and data

segregation

45.2 Mode! management plan

5.3 Data exchange formats
5.4 Common co-ordinates

5.5 Levels of definition

5.6 Specified model and

information formats

5.7 Site information, floor and

room data information

45.3 Collaboration process

45.4 Model size
45,5 Model viewing

45.6 Volumes, zones and areas

45.7 Naming conventions

4.5.8 Model co-ordination, quality control

and clash-detection process

4.5.9 Use of BIM to help health and safety
45.10 Delivery of asset information to the

client

45.11 Information publishing process
4.5.12 Security of model information

45.13 Training

45.14 Model audits by the client

6. Commercial Requirements

6.1 Exchange of information in
line with RIBA project stages

6.2 Supplier BIM assessment form

6.3 BIM tender assessment

Figure 6.10: Overall structure of IWFM EIR guidance i (Ashworth et al., 2018)

The UK BIM Framework (2020a) noted the principle of cascading the information requirements (in a

back-to-back way) to all appointed parties. Note: they might add their own requirements when

passing the EIR to their supply chain as illustrated in Figure 6.11.

Appointing party

EIR

Filter

Appointing party EIR for lead
appointed party |

| O
Farms port of

—i oY

Filter

Appointing party EIR for lead
appointed party 2

Forms part of

Appointing party EIR
for lead appointed +

Lead appointed party

Appointing party EIR
for lead oppointed

-
+ Lead appointed party

1EIR 2 EIR
party | party 2
. AN
o I o e
| Filter | | Filter | Filter Filter Filter Filter |
A i N P .
X b 3 'y - 4
Lead appointed Lead appointed Lead appointed Lead appointed Lead appointed Lead appointed
party | EIR for porty | EIR for party | EIR for party 2 EIR for party 2 EIR for party 2 EIR for
appointed party | appointed party 2 appointed party 3 appointed party | appointed party 2 appointed party 3

Figure 6.11: Cascading information needs using the EIR (UK BIM Framework, 2020a)
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The EIR should be included in tender documentation. ABI M 6compet enc shoudbes e s s n
completed by the delivery parties to ensure a clear picture of their BIM competence with respect to
IT capabilities, expertise, resources, BIM approach etc. Ashworth, Tucker and Druhmann (2018)
stated this will help the client assess whether they have the adequate experience to meet the
requirements of the EIR. It should confirm and specify aims regarding the transition of information

into CAFM and other FM systems. This leads us into specific guidance for FMs in BIM projects.

6.3 Key standards and guidance for facility managers

Before starting a BIM project, clients/FMs should read the key guidance documents and standards
listed in Table 6.3, specifically developed to help FMs engage in BIM projects.

Table 6.3: BIM standards and IWFM guidance for FMs (various 2014-2020)

Guidance / standard title

Aim of guidance

IWFM: 'The role of FM in BIM projects’
{Thomas, 2017)

IWFM: "Operational readiness guide’
(Beadle et al, 2017)

To help (FMs) understand BIM and support them in their role as a productive
member of any project or design team that is using BIM.

To aid FMs (FM professionals) in their role as a key stakehoider in the design
and construction process. It alms to provide the perspective of the operational
end user and offers advice on the processes, activities, tools and frameworks
applied to deliver and operate buildings that are fit for purpose, operate
optimally and provide a high level of occupant satisfaction.

IWFM: ‘Employer's information
requirements (EIR) Template and
Guidance' (Ashworth and Tucker, 2017)

To assist FM professionals and clients by providing an EIR template which
can be edited and amended by the client or facility manager to meet
individual requirements for a project that is using the BIM process.

IWFM: 'BIM Data for FM Systems: The
facilities management (FM) guide to
transferring data from BIM into CAFM
and other FM management systems’
(Ashworth et al, 2020)

‘BS 8536-1:2015 - Code of practice for
facllitles management (Buildings
infrastructure)’

‘BS 8536-2:2016 - Code of practice for
asset management (Linear and
geographical infrastructure)’

To help teams to think ahead when planning BIM projects and to be clear
about what they want and how to get it smoothly into their CAFM and other
assel management systems.

To include the operations team and their supply chain In the design process.
It also aims to extend the involvement of the supply chain for the project's
delivery through to operations and defined penods of aftercare, It gives
recommendations for briefing design and construction teams to ensure that
designers consider the expected performance of a building in use, The
standard applies to all new building projects and major refurbishments. it aiso
includes briefing requirements for 'Soft Landings', BIM and Post Occupancy
Evaluation (POE).

gives recommendations for briefing design and construction teams in relation
to energy, telecommunication, transport, water and other utilities’
infrastructure. It aims to ensure that design considers the expected
performance of the asset in use over its planned operational life. Itis
applicable to the provision of documentation supporting this purpose during
design, construction, testing and commissioning. handover. start-up of
operations and defined periods of aftercare. It incorporates the principles of
briefing associated with BIM Level 2 and GSL.

BS 1192-4: 2014 Coltaborative
production of information. Fulfilling
employer's information exchange
requirements using COBie. Code of
practice

‘BSRIA Soft Landings’ (2018)

defines a methodology for the transfer between parties of structured
information relating to Facilities, including buildings and infrastructure. It
assists the demand side, including employers with portfolio managers, asset
managers and facility managers, to specify their expectations while helping
information providers, including the lead designers and contraciors, 1o
prepare concise, unambiguous and accessible information.

To help the project team focus more on the client's needs throughout the
project, to smooth the transition into use and to address issues that post-
occupancy evaluation (POE) has shown o be widespread.

‘Government Soft Landings - Revised
guidance for the public sector on
applying BS8536 parts 1 and 2 (updated
for ISO 19650)

It encourages designers and construclors to stay involved with buildings
beyond practical completion. This will assist the client during the first months
of operation and beyond, to heip fine-tune and de-bug the systems, and
ensure the occupiers understand how to control and best use their buildings.
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The evolution of FM in the BIM process:
An opportunity to use CSF for optimising built assets

There is not space in this work to cover these documents comprehensively. However, a few key
issues are highlighted here. @ he r ol e of F M(ThomasB01v) apdrthe p ®©p e s &t i on
readi ne s @®eadeuet al.,e2017) provide a general overview of the BIM process and make
detailed suggestions about: when FMs should get involved, roles of FMs and other specific BIM

project team members, maturity levels, soft landings, Post Occupancy Evaluation (POE), etc.

®S 85366promotes the important principleof fidesi gn and consB8lWolbd on f
p. 18). A detailed list in Appendix B highlights primary FM activities in preparation for a BIM project.
®S 8536-1 Annex Go(ibid, p75) provides a list of typical PLQ which can help the construction and
operations teams. The standard uses an evidence-based approach with the focus on preparing a
brief for the design team from a client/FM perspective. Before a project even begins there should be
discussion of FM, operator and operation teams appointments. It notes the importance of building a

link between construction and operations teams:

The emphasis is upon greater involvement of the design and construction team with the
operations team (or with the facility manager) acting on behalf of the owner and/or operator and
end-users before, during and after completion of construction, with the aim of improving
operational readiness in the expectation of a flawless start-up and sustained operational
performance in use (ibid, p14).
It also suggests the D&C team appointsa per son firesponsi bl e f-relatedcoor
activities with the own éAkdyasksetqutrinelausedt3 aequires setiing( i b i
60t arget per f or.mesecsmuldbe definedratette project start and include categories

shown in Table 6.4 with KPIs for checking compliancewh i ch ar e fAdi g(bid, plO)l y che

Table6.4:Key perf ormance tBS85361 &@Sir2elayi red by 6

®BS 8536-16also suggests commissioning, training and handover need to be jointly planned between

the 6delivery6 and OGoperationsd teams
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