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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 present these in a óFM-BIM Mobilisation Frameworkô. 

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 

questionnaire 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 alignment with óISO 19650ô ensures it will 

also benefit an international audience.   

Keywords: Facility Management (FM), Building Information Modelling (BIM), óFM-BIM Mobilisation 

Frameworkô, digitalisation, 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  

ñThe world is undergoing a technological revolutionò stated Zaki (2019, p. 434). Daniotti, Gianinetto 

and Della Tora (2019, p. v) added ñdigitalization is perhaps the outstanding trend in all the sectors of 

life, all around the worldò. The resulting pace of change has been exponential, with estimates 

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, ñdigitalization in the construction world is in its infancyò (Wyman, 2018, p. 14). This is 

reflected in the óMcKinsey digitization indexô (Figure 1.1) which shows construction ranked last from 

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

 

 

 

 

 

 

 

 

 
Figure 1.1: McKinsey digitisation index ï 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 the worldôs Gross Domestic 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). 

BIM is one digitalisation trend that ñhas completely revolutionized the AEC industryò (United BIM, 

2019). Berger (2017) predicts BIM will have the strongest impact on stakeholderôs business models 

as is shown in Figure 1.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BIM has become the norm for the procurement of new assets and ñshould be regarded as the 

backbone of the new way of workingò (Wyman, 2018, p. 7). The UK is well placed 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 

are ñexpected to trigger significant improvement potential (direct costs, quality, delays, security, 

Figure 1.2: Trend radar for the construction industry (Berger, 2017) 
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image) along the full construction value chain (design, construction, operations and destruction)ò 

(Wyman, 2018, p. 7). In terms of financial benefits, estimates from PricewaterhouseCoopers (PwC) 

óBenefits Measurement Methodology (BMM)ô report 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 Infrastructure Commissionôs projected public sector funded 
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) standard ó15686-5 Buildings and constructed assets - Service life 

planning. Life-cycle costingô noted that up to 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. This drives ñheightened expectations for increased engagement of FMs, users and 

clients in the BIM processò (Ashworth et al., 2016, p. 1). The paradigm 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 respondents believe ñBIM will have a significant impact on the FM industryò.  

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 roles. Until recently ósilo mentality workingô in the Architecture, Engineering and 

Construction (AEC) industries has meant ñFM has been given a low priority in the property 

development industry, resulting in facilities managers being inadequately integrated into the 

development processò stated Tucker and Masuri (2018, p. 377). Overcoming these barriers will allow 

early FM engagement in BIM projects, ensuring their valuable knowledge is used to ñhelp designers 

with key decisions, which will have lasting usability, cost efficiency and sustainability impacts over 

the whole of a buildingôs lifeò (Ashworth, 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 

requires them ñto ensure functionality, comfort, safety and efficiency of the built environment by 

integrating people, place, process and technologyò (IFMA, 2020). In order to perform their role, they 

need all the available information about the asset. This highlights another key problem; óinformation 

handoverô is 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 

when óorderingô BIM projects. Without such skills Talamo and Bonanomi (2019, p. 175) observed the 

ñlack of knowledge about the process-oriented and organizational changes makes it difficult to 

establish a work environment within and between firms that is conducive to digital innovationò. 

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 Governmentôs ópolicyô with respect to BIM which has 

played a major role in shaping the UK BIM landscape. 

 

 

  

 

 

 

 

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

 

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 

development of the óFM-BIM Mobilisation Framework: Critical Success Factors to Help Deliver 

Successful BIM Projectsô (hereinafter referred to as the óFM-BIM Mobilisation Frameworkô). 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-UrbaŒska and 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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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 

óProcuring for Valueô (CIC, 2018, p. 4) supports this, recommending ñan industry-wide 

definition of value that takes into account more than capital costò. 

 

ii) 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 despite many óconstruction industry reportsô, 

resulting attempts to address the issues have failed. The óFuture-Ready Indexô (KPMG, 

2019, p. 3) reinforces this, reporting that ñmost people acknowledge the importance and 

impact of technology and innovation, but few were adopting it significantly, with even fewer 

reaping the benefitsò. Significant change and innovation are needed to ensure organisations 

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). 

 

iii) 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 Issa (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, collaboration is often limited due to ósilo-working mentalityô (Gleeson, 2013). 

 

iv) 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) call a ógarbage in = garbage outô scenario. 

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).  

 

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

BIM following the Governmentôs mandate in 2016 to adopt BIM. However, across many 

disciplines ñthere is still a large knowledge gap around BIM data and its importance to the 

future of the construction industryò (Alexander, 2017). Kouch, Illikainen, and Perälä (2018, 

p. 888), stated ñmost of the active SME contractors are not aware of BIM, nor are they familiar 

with the BIM implementation framework and its key factorsò. The lack of early involvement 
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of FMs has created a natural ódigital knowledge divideô between AEC and FM professionals. 

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 lost and ódata cemeteriesô created where valuable information is not accessed/used. 

FMs need ñnew technology and processes to face the challenge of collecting, categorizing, 

visualizing and updating the information for operationò (Ibrahim 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 this is in spite of widespread acknowledgement that ñinformation 

management and exchange processes, standards and protocols underpinned and enabled 

by modern BIM technologies could indeed achieve considerable benefits to all stakeholdersò. 

However, ñto enable individuals within these organisations to develop their BIM abilities, it is 

important to identify the BIM competencies that need to be learned, applied on the job, and 

measured for the purposes of performance improvementò stated Succar, Sher and Williams 

(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: 

ii) 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 respectively from best practice (the ógeneral FM industryô) and experts 

(óFM/BIM expertsô)? 

iv) What are the current levels of awareness of BIM in the ógeneral FM industryô? 

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? 
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1.5 Research aim 

The overall aim of the research was to create a óFM-BIM Mobilisation Frameworkô to help people 

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 related to: ópolicyô, óprocessesô, ótechnology and digitalisationô 

and ópeopleô. The review will focus on the UK market but include other international sources 

where relevant. 

b) Establish quantitative CSF based on a ógeneral FM industryô awareness of BIM considering 

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 óFM/BIM expertsô to understand their view of how BIM is 

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) Identify a suitable framework format for the óFM-BIM Mobilisation Frameworkô and incorporate 

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) Validate the óFM-BIM Mobilisation Frameworkô with óFM/BIM expertsô. 

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 theoretical óFM-BIM Mobilisation 

Frameworkô, which provides 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 

wider ógeneral FM industryô awareness of BIM using a questionnaire; (b) from interviews with óFM/BIM 

experts; and (c) by developing the óFM-BIM Mobilisation Frameworkô which is unique to the field of 

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. 

¶ Ashworth et al. (2020) óBIM Data for FM Systems: The facilities management (FM) guide to 

transferring data from BIM into CAFM and other FM management systemsô, Institute of 

Workplace and Facility Management, UK 

¶ Ashworth, S., Druhmann, C. and Streeter, T. (2019) óThe benefits of building information 

modelling (BIM) to facility management (FM) over built assets whole lifecycleô, 18th EuroFM 

Research Symposium, Dublin, Ireland. 

¶ Ashworth, S., Tucker, M., and Druhmann, C. (2018) óCritical success factors for facility 

management employerôs information requirements (EIR) for BIMô, Facilities, Vol. 37 No 1/2 pp 

103-118. 
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1.8 Research overview 

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

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 Governmentôs 

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 

important aspects of ówhat BIM is, and what it is notô. It describes how BIM has completely changed 

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 for the óFM-BIM Mobilisation Frameworkô. The focus here is to help 

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 interviews with óFM/BIM expertsô from practice.  

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 

questionnaire óFM Awareness of BIMô to benchmark the ógeneral industryô awareness of BIM. 

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 merged using the óside-by-sideô narrative text analysis process. 

Chapter-15: Validation process: describes how the óFM-BIM Mobilisation Frameworkô was 

validated using a group of óFM/BIM expertsô. 
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Discussion and conclusions:  

Chapter-16: Presentation of the final óFM-BIM Mobilisation Frameworkô: presents the final 

version of the validated óFM-BIM Mobilisation Frameworkô. 

Chapter-17: Conclusion: presents a reflection regarding the success of achieving the research 

objectives, questions and the final production of the óFM-BIM Mobilisation Frameworkô. Limitations 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



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

Page 35 of 523 

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 

The architect Stewart Brand observed ñbuildings are of particular importance to people as they 

contain our lives and all civilizationò (Brand, 1995, p. 2). He saw them as fundamental to the structure 

of society, adding ñoffice buildings are now the largest capital asset of developed nationsò (ibid). 

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 

suggested ñbuilding, multiple buildings (e.g. a site or campus) or built infrastructure (e.g. roads, 

railways, pipelines, dams, docks, etc.) that is the subject of a construction project or where the asset 

information is held in a digital formatò (BSI, 2015, p. 3).  

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-quality to sustain peopleôs health and wellbeing, and 

support organisations worldwide in achieving their daily business objectives. To make us feel 

comfortable it is essential they feel óhumanô, providing ambience, organisation and flexibility 

(Chodasova, 2004). This requires creating a fine balance; a ótriple-bottom-lineô in terms of óbest 

performanceô. Savitz and Weber (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 Leväinen (2006) observed that many organisations in practice often do not 

realise the true value of their real estate. 

The importance of BA to ósustainable developmentô is underlined in the United Nations (UN) report 

ó2030 Agenda for Sustainable Developmentô (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 

are related to infrastructure. SDG 11 specifically addresses BA in terms of ósustainable cities and 

communitiesô. Its accompanying infographic óSustainable Cities: Why They Matterô highlights that 

ñsince 2007, more than half the worldôs population has been living in cities, and is projected to rise 

to 60 per cent by 2030ò (UN, 2015a, p. 1). It also reports ñcities occupy just 3 per cent of the earthôs 

land, but account for 60-80% of energy consumption and 75% of carbon emissionsò (ibid).  

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: ñthe compounded effects will be catastrophic and irreversible: 

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 

ecosystemsò (UN, 2019a, 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.  

Figure 2.1: UN 2030 SDGs (UN, 2015). 
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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 world as the UN notes, currently ñ1 out of 4 of urban 

residents live in slum-like conditionsò and ñ9 out of 10 breathe polluted airò (UN, 2019b). Our BA 

provide a critical role in supporting society: ñat a national level, the prime purpose of infrastructure, 

property and services is to support and sustain business and public endeavours of all kinds and 

across all sectorsò (Nutt, 2004).  

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 areas. The industryôs global 

economic impact is highlighted in the report: óReinventing construction: a route to higher productivityô 

(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 worldôs working population which represents 13% of the 

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 estimated at ú262.7 billion euros made up of; ú19.2 integrated FM, 

ú112.7 outsourced and ú136.8 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 

up to 10% of the countryôs workforce (CIBSE, 2017). As such even 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 also has one of the worldôs lowest annual 

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. 

 

 

 

 

 

 

 

 

 

 

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 óre-useô as a strategy to support a 

ócircular economyô. They went on to note 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 
proposalôs externalities. Policy and incentives will encourage clients to issue full life-cycle 
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 these, the first óBuilding to the Skiesô 

suggested the construction process took too long, was too expensive and was not satisfactory for its 

clients (Bossom, 1934). The last, óNational Infrastructure Assessmentô reported: ñover the last 50 

years, the UK has seen an endless cycle of delays, prevarication and uncertaintyò (Armitt et al., 2018, 

p. 3). Report examples include:  

¶ óConstructing the Teamô (Latham, 1994); the industry has 25-30% waste and needs to improve 

collaboration alongside a partnership approach. 

¶ óRethinking Constructionô (Egan, 1998); need for improvements e.g. leadership focusing on 

customer needs, integrated processes/teams, improved quality and commitment to people.  

¶ óModernising Constructionô (Bourn, 2001); over 73% of construction projects were delivered over 

budget and 70% late. 

¶ óAccelerating Changeô (Egan, 2002); need to end lowest cost tendering as the main industry 

procurement tool and consider how clients get value for money.  

¶ óNever Waste a Good Crisisô (Wolstenholme, 2009); maximum value is created when the whole-

life-cycle is considered rather than simply reducing construction costs.  

¶ óExploring Procurement in the Construction Industryô (CIOB, 2010); budget overruns 94% and 

late delivery 93%. 

¶ óPAS 1192-2ô (BSI, 2013, p. v): ñbasic problems exist with procuring public assets, which have 

been known for over 100 years, but little as yet has been achieved in resolving them.ò  

¶ óInfrastructure Assessmentô (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 which suggests ñbuilding a digital societyò (ibid, p154). 

These reports paint a picture of a construction industry óripe for changeô, lacking innovation, and in 

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 Governmentôs drive to adopt building information modelling 

The 2008 world recession had a significant impact on driving change. The Government report, óKey 

Issues for the New Parliament 2010,ô noted: ñthe downturn in economic activity was felt across the 

world, with many countries, including all G7 economies, falling into recession during 2008. The 

recession was the ódeepestô (in terms of lost output) in the UK since quarterly data were first published 

in 1955ò (House of Commons, 2010, p. 28). The CIC (2009) noted that, since the Second World War, 

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, led to the 2011 óGovernmentôs 

Construction Strategyô. This underlined a need for change: ñthere 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 

infrastructure projects to drive growthò (Cabinet Office, 2011, p. 3). The strategy established 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. Importantly it also introduced the Government mandate for ñfully 

collaborative 3D BIM (with all project and asset information, documentation and data being 

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

The óUK BIM Task Groupô was consequently set up on 31st 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 (BIM WiKi, 2017). The pressure was ramped up in the óConstruction 2025: Industrial 

Strategy: government and industry in partnershipô (HM Government, 2013, p. 5) which set four 

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  

In 2014 the óGovernment Construction Cost Reductions, Cost Benchmarks, and Cost Reduction 

Trajectoriesô report (Cabinet 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 Governmentôs óDigital Built Britainô strategy. It 

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-life. The strategy noted: ñThe information economy is transforming the 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 opportunityò (HM Government, 2015, p. 3). The 2016 

óGovernment Construction Strategy: 2016-20ô digital 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  

The Institute of Asset Management (IAM) report óAsset Management - an anatomyô observes that 

ñmodern society is heavily reliant on physical assets in order to function effectivelyò (IAM, 2015, p. 

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 
that need. To paraphrase the Zen master Lao Tsu; óvalue lies not in the built artefact but in the 
use of the space withinô (Saxon, 2005, p. 12). 

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

society by considering performance over their whole-life. ñGlobal economic, social and environmental 

drivers are diving the AECO sectors to increasingly consider long-term value, rather than simply 

focusing on short-term returns and the initial capital cost of constructionò (Ashworth, 2013, p. 250). 

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 

organisations often use óvalue engineeringô to reduce short-term CAPEX.   However, using cheaper 

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 in óDesigning to reduce construction costsô (Paulson, 1976, 

p. 592). He wrote ñthe level of influence in determining and controlling costs drops rapidly as a project 

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

operation or utilizationò His ideas, which have been widely replicated, are illustrated in Figure 2.3. 
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Davis (2013) suggested Patrick MacLeamy used this model in 2001 to develop what has become 

known as óThe MacLeamy Curveô (MacLeamy, 2010). He incorporated 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 important principle is the idea of ófull-

collaborationô through information sharing. The report óCollaboration, Integrated Information, and the 

Project Lifecycle in Building Design, Construction and Operationô suggested many benefits 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.  

 

 

 

Figure 2.3: Level of influence on project costs (Paulson, 1976) 
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Figure 2.4: The MacLeamy Effort/Effect curve (CURT, 2004) 

 

Two key questions, central to achieving best value are: 

¶ What is the óuseful design lifeô of BA elements (i.e. remaining fit for purpose)? 

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

 

With respect to óuseful design lifeô; research by Langston (2011) suggested the ratio of óuseful lifeô to 

óphysical lifeô as approximately two-thirds. It depends heavily on usage and quality of individual 

components. Estimates for predicted ólife expectancyô can be found online using sites like óetool.comô 

(eTool, 2015) and ócostmodeling.comô which provides examples based on the UK óBuilding 

Blackbookô by Franklin and Andrews (2010).  

Management teams often use guidelines like óISO 15686,ô (ISO, 2011) focused on óservice life 

planningô  and such databases as a framework to make informed decisions as when to inspect, repair 

or replace components or whole systems. However, (Designing Buildings WiKi, 2019) noted ñthere 

is no legally agreed definition of design lifeò. It suggests some examples of typical óbuilding design 

lifeô as shown in Table 2.1. In practice however, 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) 

 

Bogenstätter (2000) argued the óearly design phaseô is critical and estimates that 80% of operational 

costs and environmental impacts are determined in this phase. óISO 15686ô (ISO, 2017, p. 12) 

supports this indicating the 80% is usually compressed ñin the first 20% of the design processò. This 

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.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 regarding the óratio of costô for the life phases. The óOGC Whole-

life costing and cost managementô guide quoted ñthe Royal Academy of Engineering reports that the 

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, including staff costsò (OGC, 2007). However, Hughes et al. (2004) 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 figure for óplanning-design-construction-operationô of 1:2:22:75. 

MacLeamyôs concept of óBIM-BAM-BOOMô (MacLeamy, 2012) suggested using BIM in óbuilding 

designô is a fraction of the cost of óbuilding assemblyô (BAM), and significantly less than in óbuilding 

operationô (BOOM). The concept shown in Figure 2.6 suggests a ratio 1:20:60. 

 

 

Figure 2.6: MacLeamyôs BIM, BAM, 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 positive note the  óGovernment Construction Strategy: 2016-20ô saw 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). 
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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 process is highlighted by the definition of FM in óISO 41011:2017ô as an 

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

the purpose of improving the quality of life of people and the productivity of the core businessò (ISO, 

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 

the design stage. óISO 15686-5: Life-cycle costing for buildings and constructed assetsô notes 

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.  

 

 

 

 

 

 

 

 

Figure 2.7: Scope to influence LCC over time (ISO, 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 

ñintroducing BIM for FM saved on average 5% of operating costs per annumò and ñreduced the time 

looking for things by 83%ò (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, ensuring usersô needs are met and the benefits of 

cost management, sustainability can be maximised. To help understand how FMs can contribute to 

achieving best value the óThe 4P Life-Cycle Value Modelô (Ashworth, 2013a, p. 49) was developed 

as shown in Figure 2.8. It shows BA with a cyclic-life as discussed in óISO 15686-5ô. The model 

illustrates FM adding value across each whole-life stage. To ensure BA are sustainable they must 

deliver best performance through an optimal balance of economic, satiability and usersô needs. The 

outer dark blue ring represents the idea of BA achieving an optimum balance between the ó4Psô. 

Project teams will achieve best value by working collaboratively to deliver BA that meets the userôs 

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). 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2.8: The 4P Life-Cycle Value: conceptual model (Ashworth, 2013a) 
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The model emphasises another issue; achieving a smooth ótransition valueô between the design, 

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 ñthe quality, efficiency, and reliability of the information handover process is therefore critical 

for facility managers to reach the performance, sustainability and economic requirements of facility 

operationsò (ibid, p1).However, research by Moody and Walsh (1999, p. 10), indicated that ñof all the 

corporate resources (people, finances, assets, information), information is probably the least well 

managedò.  

As pressure grows for the AECO industries to become more digitalised it is essential that 

organisations consider ñapplying more connected and intelligent technologies like BIM in the built 

environment to further improve information-sharing and transparencyò (ARUP, 2016). 

BuildingSMART research by Jackson (2018, p. 38) indicated ñsome 3% to 7% of total LCC could be 

saved by a more systematic handover of dataò. He went on to note that ñBIM to date has been 

focussed on design and construction in its approach and there is a fundamental need to shift the 

focus towards making it more asset centricò (ibid). 

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 

large projects often meant clients and FMs receiving literally rooms full of óas-builtô drawings and 

documents. Fallon and Palmerôs (2007) observations 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 considering what information to capture it is important to adopt a óminimal usefulô approach. 

ñAll parties, including the client, should only define the information they require, so that they can fulfil 

their own actionsò (UK BIM Framework, 2020a, p. 49). The focus should be on collecting information 

that aligns with the business needs of the organisation. Frameworks like óISO 55000: Asset 

managementô (ISO, 2014) can help ensure the alignment. To keep information lean and usable ñit is 

critical to understand its future use. This can be achieved by óbeginning with the end in mindô and 

identifying the downstream uses of informationò (BSI, 2013, p. v). The role of FM in helping to define 
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what information is required to support an organisationôs business and Asset Management (AM) 

strategy is expanded upon in Chapter 6.  

Putting a detailed CSF ótransition processô in place minimises information loss in transition and 

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 understand the usersô needs and the functional service requirements. They want 

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 ó4P Measurement 

of FM Added Valueô model (Figure 2.9) was 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 visualises óadding valueô by incorporating óFM know-howô during each 

project stage as a project is developed (Ashworth, 2013a). 

 

 

 

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 Profit (represented by the Three Pôs columns).  The red arrows represent 

transition of óFM know-howô at each phase. The óŬ angleô represents to what extent the óadded 

potential of FMô is incorporated in the project. 

 

These early conceptual models helped establish the following conclusions to explore in the PhD 

work: 

¶ 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 

¶ The best value is achievable if a long-term WLC view is adopted 

¶ 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 in the UN ó2030 Agenda for Sustainable Development.ô The 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 managing organisationôs real estate portfolios. 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 mankindôs dependence 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. 8) noted: ñalthough facility management has existed as long as building, its recorded history is a 

nanosecond in timeò. Wiggins (2014, p. 1) suggested the term FM emerged in the 1960s, stating: 

óFacilities Managementô was ñcoined by Ross Perot of EDS in the USAò. She argues the origins of 

FM ñcan be traced to an era of scientific management and the subsequent explosion in office 

administrationò (ibid). Others like Nor, Mohammed and Alias (2014, p. 1) maintained: ñIt is to railroads 

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 organizationò. The different 

terms for FM can be confusing. Appleby (2018) observed that in the UK the use of the term ófacilities 

managementô is often used, whereas internationally the phrase ófacility managementô is widespread. 

Both these terms are interchangeable alongside the expression óproperty managementô 

According to IFMA there were no umbrella associations in the early stages of FM development. Their 

webpage notes: ñthe first step towards the formation of something people would recognise today as 

an FM organisation occurred in December 1978 when Herman Miller Research Corporation hosted 

a conference called óFacility Influence on Productivityô in Ann Arbor, Michigan, USAò (IFMA, 2018). 

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

changed in 1981 to the óInternational Facility Management Associationô (IFMA). Tucker and Masuri 

(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:    

¶ The proliferation of IT: both office automation and Building Management Systems (BMS) saw 

increased demands which needed to be coordinated by FM. 

¶ 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.  

¶ 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. 

¶ 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. 

¶ 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 óimpinging forcesô came 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.  

 

 

 

 

 

 

 

 

 

 

 

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 organisationsô daily business operations. Interestingly we see the early impact 

of; óinformationô, ótechnologyô and óprocessesô which 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; ówhat is FM?ô Its very nature has 

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.  

 

Table 3.1: Tucker and Roperôs (2015) FM competency matrix  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 FMs as a ñjack of all tradesò; whereas Tucker, Masuri and Cotgrave (2016, 

p. 390) noted ñtherefore by implication as a master of noneò. The authorôs 20+ years of FM experience 

underlined this tension. Many roles he undertook came under a different job title e.g. óservice 
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managerô, óphase-in manager, ócontract managerô etc. His impression was that management teams, 

and sometimes other FMs, thought using these job titles would clarify what FMs do for clientôs. 

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; FM is like ñan octopus 

with legs in a combination of classic professions which span real estate to engineering and several 

others in betweenò. Table 3.2 from the paper óFacilities management: a Jack of all tradesô by Tay and 

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) 
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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 ó3P modelô (Figure 3.2). Developed in 1984 by 

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

worlds; physical, mental and virtual; represented by the ó3Ps of Place, Process and Peopleô. Industry 

actively adopted the model which was presented in the 'IFMA Report #1' (EuroFM, 2020a).  

 

 

 

 

 

 

 

 

McGregor and Then (1999) built on this concept. Their model (Figure 3.3) placed the óbuildingô at the 

centre; a physical representation of the óspaceô (or place) which supports all other FM activities. Key 

ómanagement elementsô were added in blue and ófactorsô in red to illustrate the key influences on FM. 

Interestingly we see ótechnologyô appearing as an important factor which would become to be so 

crucial across all aspects of FM.  

 

 

 

 

 

 

 

 

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.  

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

Figure 3.3: FM beyond buildings ï interfaces by McGregor and Then (1999) 
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Researchers have struggled for years to categorise the wide range of FM services. Jensen (2008, p. 

493) observed ñwithin FM it is common to distinguish between building related and service-related 

functionò and ñbetween hard FM and soft FMò (ibid). Appleby (2018, p. 253) provided further clarity 

stating that ñhard FM includes maintenance and repair of fabric and building services and soft FM 

includes cleaning, catering, waste management, reception and such likeò.  

As FM developed some definitions tended more towards one of the ó3Psô.  óPlaceô was commonly 

highlighted in earlier definitions. Becker (1987, p. 82) described FM as ñresponsible for coordinating 

all efforts related to planning, designing, and managing buildings and their systems, equipment and 

furniture to enhance the organizationôs ability to compete successfully in a rapidly changing worldò.  

Other researchers like Alexander (1996) put great emphasis on óProcessô arguing 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 ñperformance is the result of processesò.  

With respect to óPeopleô, Alexander (1994, p. 6) argued FM ñcan be summarized as a belief in 

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 successò. 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): ñFacilities 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 chainò.  

FM is often associated with service delivery as (Aderiye, 2015, p. 5) observed ñFM typically covers 

the non-core but crucial services of the organisationò. But here we see more complexity; Atkin and 

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

Yiu (2008) commented on Chotipanichôs findings. He concluded that FM focus is lost and in crisis 

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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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) summarised the situation in 2003 observing: ñat this time, there was 

considerable debate within the UK and Europe regarding the legitimacy of FM as a professional 

discipline and its place within the context of the built environment sectorò. This drove the need for 

dedicated ISO standards considering the many differing views of FM across Europe. The technical 

committee CEN/TC 348 (CEN, 2018) started work on what would become a suite of seven óISO 

15221 FM standardsô published between 2006 and 2012 which focused on key aspects of FM. 

However, Ashworth, Strup and Somorová (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: óISO 15221ô FM standards (ISO, various) 

 

óISO 15221-1ô (BSI, 2006, p. 5) produced the first internationally accepted definition of FM as: ñthe 

integration of processes within an organisation to maintain and develop the agreed services which 

support and improve the effectiveness of its primary activitiesò. 

Interestingly the focus was on the óProcessesô, making no reference to óPlaceô or óPeopleô. It 

introduced a óFM agreementô conceptual model 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 

DEMAND óorganisationô (DO) (left) and the SUPPLY óproviderô (right). The organisationôs 

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 organisationôs and end-userôs 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 clientôs primary-process/activities (Ashworth, 2016, p. Slide 20). 
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Figure 3.6: óEN 15221-1ô FM agreement model adapted by Ashworth (2016) 

Findings by Ashworth, Strup and Somorová (2015) showed wide variations regarding the 

adoption/use of óISO 15211 (parts 1-7)ô in practice across Europe. The Czech Republic had 

purchased the most copies of óISO 15221ô (735) 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. The óISO 5221-4ô presented 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. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7: Example from óISO 15221-4ô - hierarchy of ófacilities productsô (BSI, 2011) 
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After several yearsô practitioners 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 

development of the óISO 41000 Facility Managementô series. These replaced ISOs ó15221-1ô and 

óI5221-2ô in 2017 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 óISO 41000ô FM standards (various) 

 

Interestingly the óISO 14011ô definition of FM saw the return of all the ó3Psô: an ñorganizational 

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

improving the quality of life of people and the productivity of the core businessò (ISO, 2017a, p. 1). 

However, an opportunity was missed to include ótechnologyô in the definition; as inescapably 

fundamental to delivering any service in todayôs business world. 

óISO 41012ô updated the previous óISO 15221-2ô FM agreement model now presented as the 

óSourcing Process Overviewô model in a flow chart format with process steps as shown in Figure 3.8. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: FM óSourcing Process Overviewô (ISO, 2017b) 
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It clarified in line with Applebyôs observations that, ñthe terms facility management, facilities 

management and FM can be used interchangeablyò (ISO, 2017a, p. V). Stanley Mitchell, (Chair of 

ISO/TC 267) noted ñevery company, big or small, has some element of facility management. It is a 

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 basisò (Naden, 2018, p. 

para 5). He observed it has ñthe potential to make a real difference to organizations by improving 

workforce health and safety, reducing their impact on the environment and making considerable cost 

savings and efficienciesò (ibid, para 6). Importantly, the FMS can be ñintegrated with ISO 9001 Quality 

Management, ISO 14001 Environmental Management, ISO 55001 Asset Management and ISO 

50001 Energy Managementò (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 perceived as some type of ójanitorial serviceô. Even recently Pinder and Ellison (2018, 

p. 2) suggested FM is a ñprofession that has a problem with its status and identityò. Roper and Borello 

(2014, p. 2) noted that FM has had to struggle to throw off this association as it elevated itself ñfrom 

the boiler room to the board roomò. The reality is similar to observations 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 ñFMs can have many different titles and arrive in their profession 

through a variety of career pathsò (IFMA, 2020, p. para 3). A ñprofessional facilities manager is one 

who is formally trained and whose main responsibility is the strategic management of the workplaceò 

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) observed: ñan estimated 50+ universities now teach FM education at 

the undergraduate, graduate and in some cases at PhD levelsò. She goes on, adding that, ñas the 

FM industry has reached a point of adequate maturity there is a need to standardize FM education. 

There is also a need for FMs to have more ósoft skillsôò (ibid). She suggested FM be introduced into 

secondary-level education ñto attract more appropriately educated graduates to the FM practiceò 

(ibid, p237). 

In terms of future development, the Institute of Workplace and Facility Management (IWFM) report 

óFM and the future world of workô by Pinder and Ellison (2018) highlights 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 some ñ24,000 members in more than 100 countriesò (IFMA, 2020). The 

IFMA definition (ibid, para 2) of FM, which interestingly includes all 3Ps and ótechnologyô, is: ña 

profession that encompasses multiple disciplines to ensure functionality, comfort, safety and 

efficiency of the built environment by integrating people, place, process and technologyò.  

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 the óThe 

Workplace Advantageô report (Stoddart, 2016). The IWFM now has some 17,000 members (IWFM, 

2019, p. para 1) and like many other local organisations has adopted the óISO 14011ô definition 

(IWFM, 2020a). RICS with some 134,000 members worldwide (2020) recognised the strategic 

importance of FM in a series of three óRaising the Barô reports (RICS, 2017). They now have a 

programme for chartered FM status (RICS, 2019). FM strategies are essential throughout every 

stage of a buildingôs life-cycle. This is highlighted in the óStrategic FM Frameworkô by RICS and IFMA 

(2018) which sets out guidance for planning FM Both organisations also contributed to the 

óInternational Property Measurement Standard (IPMS)ô, which aimed to standardise measurement 

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 óProfessional Standards Handbookô in 2014 to clearly define ñthe 

competences that are necessary to be a competent facilities management practitioner at all career 

levelsò (2020, p. para 1). The óProfessional Standards Wheelô (Figure 3.9) is an interactive infographic 

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

 

 

 

 

 

 

 

 

 

 

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 organisationôs 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. 

 

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):  

¶ EuroFM: a networking platform for research institutes, universities, service providers, corporate 

organisations and national FM related associations with members in over 30 different countries. 

Its aim is to ñbring forward the FM profession and to come to a better mutual understanding by 

learning and sharing FM knowledgeò (EuroFM, 2020, p. para 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 ñ(both in-house and outsourced) is expected to grow at more than 6 percent a year from 2018 to 

2024, hitting nearly $1.9 trillionò as shown in Figure 3.11.  
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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. Iacocca. 

He declared FM is ñalready a useful tool for strategic planning because planning today involves 

billions and billions of dollarsò. He went on to say: 

You donôt spend that kind of money unless your confident that the facilities your building with it 
can be managed effectively, provide a return on your investment over time and do the competitive 
job you intend them to do. Our overall goal is to design, develop and build the worldôs best 
automotive products. We will do that only if we have the best facilities (ibid).  

However, Savitz and Weber (2006) observed that success is not measured by the financial bottom 

line, but by overall consideration of economic, social and environmental impacts. Roper and Borello 

(2014, p. 2) agreed, observing: ñPrimarily driven by the sustainability movement across the world, 

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-line accountingò.  

 

Professional FM associations and FM researchers are coming together to help drive the future of the 

industry. RICS and IFAM summarised this position stating: ñapplied correctly, FM is about much more 

than the management of buildings and services, it is critical to the successful functioning of every 

organization which occupies property or manages infrastructure that supports our societyò (RICS and 

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

 

FMs are uniquely positioned to support an organisationôs triple-bottom-line objectives. Their intimate 

understanding of customersô strategic needs enables them to create better BA with workplaces that 

integrate the 3Ps; óPeople, Place and Processesô. FMs expertise ensures our BA are managed in an 

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 Governmentôs construction 

strategy to achieve best value for users and society.  

3.7 Facility management supporting organisationsô strategic 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: 

¶ óStrategic Facility Planningô (IFMA, 2009) 

¶ óStrategic Facilities Management: RICS guidance noteô (White, 2013) 

¶ óStrategic FM Framework RICS guidance noteô (RICS and IFMA, 2018) 

A CSF as to why FMs are uniquely placed to help organisations develop their strategy is highlighted 

in the guidance; their unique position and intimate understanding of the demand organisationôs 

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 

customersô needs against strategic objectives requires great skill.  
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Figure 3.13: Example of complex relationships FM have to manage (White, 2013, p. 8) 

 

óISO 41012ô reinforces the importance of these close relationships stating: ñFM should be in close 

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 explicit service demand and requirementsò (ISO, 2017b, p. 3). The 2018 

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 ñshould lead on issues including operational 

sustainability, energy usage, safety and wellbeing and other issues where facilities operations impact 

external stakeholdersò (ibid). Also, ñthere is a very clear iterative relationship between corporate 

objectives and resource planning, asset management and facility managementò (ibid, p7). It 
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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) 

 

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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

Examples include the óFM Value Mapô (Jensen, 2010), the óISS 2020 Visionô (ISS, 2013) etc. Coenen, 

Alexander and Kok (2013) observed that in the past the most common perception of FM adding value 

to a clientôs organisation was in a financial context, by achieving higher revenue and/or lowering 

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

compromised by the narrow focus on costs. Jensen (2014, p. 857) argued, ñFM has gradually shifted 

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

add value to the organization and its stakeholders and to contribute to its overall performanceò. 

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 in vogue as discussed in óThe Workplace 

Advantageô report (Stoddart, 2016). Duncan Weldon observed even a 1% productivity gain across 

the UK macro economy ñwould add almost Ã20 billion to our national outputò (ibid, p3). Such an 

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

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 explored in Thenôs PhD (1996). He argued: ñThe dominant concept of REAM is to provide 

an informed interface between strategic business planning and operational asset management via 

SFB and SLBò (ibid, p236) as illustrated in his model shown in Figure 3.15.  

 

Figure 3.15: REAM as managing the enabling workplace environment (Then, 1996) 
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Then (2005, p. 33) later observed: ñthe value contribution of real estate assets can only be optimised 

when the property/facilities professional takes on the responsibility of continuously providing 

appropriate facility solutions to business challengesò. 

Kaya et al. (2005) noted that an organisationôs business cycle and development is sustained by the 

added value that FM provides. Lindholm and Leväinen (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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.16: RE supporting organisations - Lindholm and Leväinen (2006) 

 

Jensen et al. (2014, p. 856) argued ñadded value is expected to be central in the future development 

of FMò. 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 heavily is managing the óPlaceô or BA. Shohet 

and Lavey (2004, p. 210) argued FM ñhas evolved from increasing pressures for the economic 

operation of the built environmentò. Researchers Tay and Ooi (2001, p. 357) observed: ñsince the 

late 1980s, FM has gradually gained a foothold as discipline and profession within the property and 
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construction industryò. Whilst Chotipanich (2004) 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 

constructing new BA. They suggested increased willingness of ownerôs investments in a building of 

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

 

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

ñan organization to realize value from assets in the achievement of its organizational objectivesò 

(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 

represent ñ90% of an organisationôs costò (Stoddart, 2016, p. 42). óISO 55000: Asset Managementô 

is one possible AMS which can deliver significant benefits to organisations. It defines an asset as: 

ñan item, thing or entity that has potential or actual value to an organizationò (ISO, 2014, p. 2), and 

AM as, ñcoordinated activity of an organization to realize value from assetsò (ibid, P14). Possible key 

benefits are highlighted as per Table 3.6. 

 

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

 

 

Figure 3.17 illustrates the óISO 55000ô perspective of the relationship between key asset 

management terms. FMs work across all of these spheres and as such are ideally placed to manage 

clientôs assets. 
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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 

ñwill typically involve an almost continuous cycle of assets being created, operated, 

maintained/overhauled and then decommissioned or demolished prior to more asset creation 

activitiesò (BSI, 2014a, p. V). The IAM have a óConceptual Asset Management Modelô shown in 

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

 

 

 

 

 

 

 

 

 

 

Figure 3.18: IAM AM conceptual knowledge (IAM, 2015) 

Figure 3.17: Relationship between key asset management terms (ISO, 2014) 
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The model illustrates the importance of integrating óOrganisation & Peopleô and ensuring óLife-cycle 

Deliveryô is managed to reduce óRiskô. All this is underpinned by good quality óAsset Informationô 

which informs óAM Decision Makingô to improve óStrategy & Planningô. The planning and subsequent 

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: ñNew advances in science and technology hold immense promises for achieving the 2030 

Agenda for Sustainable Developmentò (UN, 2018, p. para 2). Baller, Dutta and Lanvin (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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 book óCritical Pathô (Fuller, 1982) described 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.  

 

 

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

 

The explosion resulted in a new phenomenon; óinformation overloadô credited by Strother, Ulijn and 

Fazal (2012) to the scientist Vannevar Bush. In his essay óAs we may thinkô (Bush, 1945) imagined 

the ómemexô; a ócollective memoryô machine or library of knowledge that would empower mankind to 

address many of its problems through sharing knowledge. However, this change had some negative 

connotations as explored by Toffler (1970) in his book óFuture Shockô. He observed that people have 

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

of performance. Interestingly, these observations are true in todayôs world where people, both in their 

private and business lives are bombarded by information often leaving them trying to find ways to 

make sense of it all. Bushôs work would later inspire Tim Berners-Leeôs article; óWord-wide Web: The 

Information Universeô (Berners-Lee et al., 1992) in which he acknowledged Bushôs concept as a seed 

of inspiration for the World-Wide Web (W³). 

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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Figure 4.3: Worldwide IoT 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). 

 

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

 

An almost óperfect stormô of conditions have now been created for knowledge sharing and technology 

development as ñcomputing power increased by 10,000 times since the year 2000. The cost of 

storing the data has gone down by around 3000 times since the year 2000ò (Menon, 2018, p. para 

26). This is illustrated in Figure 4.5. 
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Figure 4.5: Knowledge sharing and technology development (Menon, 2018) 

 

This phenomenal growth was eloquently summarised by Schwab (2015, p. para 4): ñwhen billions of 

people and devices are all connected with ever increasing computer processing power, storage 

capacity, and access to knowledge, then the possibilities are endlessò. In the next section we will 

consider the impact on industry. 

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

We are now living in the Fourth Industrial Revolution (IR4.0) born from the ódigital revolutionô and the 

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). Klaus Schwab who coined the phrase óIR4.0ô summed up its potential impact: ñWe stand on 

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 beforeò. (Schwab, 2015, p. para 1). He later observed ñfrom the 

perspective of human history, there has never been a time of greater promise or potential perilò 

(Schwab, 2016, p. 8). Erik Brynjolfsson was quoted by the World Economic Forum (WEF) as saying: 

ñnow comes the second machine age. Computers and other digital advances are doing for mental 

power - the ability to use our brains to understand and shape our environments - what the steam 

engine and its descendants did for muscle powerò (WEF, 2015, p. 3).  

The IR4.0 is ñcharacterised by a fusion of technologies that is blurring the lines between the physical, 

digital and biological worldsò (Lee et al., 2018, p. 1). Trends such as robotics, Artificial Intelligence 
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(AI), 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) in the report óAligning the Organization for its Digital Futureô. Industry 

disruption by digital trends was anticipated by 90% of executives, however only 44% stated that they 

had prepared for future disruption. Reports such as the óMade Smarter Reviewô illustrate how the 

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

 

Academics such as Xu, David and Kom (2018, p. 91) observed ñleading researchers argue that the 

fourth industrial revolution will shape the future through its impacts on government and businessò. In 

order to understand its impact, we need to consider the term ódigitalisationô. Several definition 

examples are shown in Table 4.1. 

 

Table 4.1: Definitions of digitalisation (various) 

 

 

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

3) who describes ódigitisationô, as ñthe conversion of analogue to digitalò, and ódigitalisationô as ñthe 

use of digital technologies and digitized data to impact how work gets done, transform how customers 

and companies engage and interact, and create new (digital) revenue streamsò (ibid).  

 

The connective power of internet has led to the development of the IoT but there is sometimes 

confusion regarding the terms; óinternetô and óIoTô. Some of the key differences focus on the 

connection of devices as illustrated by (Goldman Sachs, 2014) in their óS-E-N-S-E Frameworkô (Table 

4.2). 
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Table 4.2: Goldman Sachs óS-E-N-S-E Frameworkô (Goldman Sachs, 2014) 

 

 

 

 

 

 

 

 

 

 

 

The two together have made digitalisation tremendously important to organisations today as ña 

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

change to the entire business model and the evolution of workò (ibid). In a wider context the IoT 

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

Figure 4.6. 

 

 

Figure 4.6: IoT landscape (Goldman Sachs, 2014) 

 

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

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 

organisations to consider. Founded in 1979, they aim to ñprovide senior leaders across the enterprise 

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

priorities and build the organizations of tomorrowò (Gartner, 2020a). Their annual industry prediction 

reports are helpful when considering óemerging technologiesô. Other reports considered were the 

óTop 10 strategic technology trendsô and the óGartner Hype Cycleô which make predictions for the 

coming year. Table 4.3 shows a summary of the last 4 yearsô reports for the top 10 trends. 

 

Table 4.3: Gartner óTop 10 strategic technology trendsô (including trends 2017-2020) 

 

 

The relatively new trend of ódigital twinsô (highlighted in red in Table 4.3) are very important. Even 

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 provide a ódynamicô model. This 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 óretrospectiveô fit-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 IoT 

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. She added ñin the built environment, 

the use of digital twins is just beginning to take offò (ibid, p 6). They appeared in the reports: 2017 

(Panetta, 2016); 2018 (Panetta, 2018); and 2019 by Clearly and Burke (2018). Although not listed in 

2020 they were highlighted in the Gartner yearly report óTop 10 Strategic Technology Trends for 

2020ô which was themed on ñpeople-centric smart spaces, i.e. considering how technologies will 

affect peopleò (Cearley, 2020, p. 2). He noted digital twins are strongly linked to other trends. 

óHyperautomationô examines the concept for the óDigital Twin of an Organisationô which ñvisualizes 

the interdependence between functions, processes and Key Performance Indicatorsò (ibid, p. 52). 

For the trend óEmpowered Edgeô, ñdata from multiple digital twins can be aggregated for a composite 

view across a number of real-world entities such as a power plant or a cityò (ibid, p. 32). 

So, what is a digital twin? Shaw and Fruhlinger (2019, p. para 3) described it as ña digital 

representation of a physical object or systemò. Parrott and Warshaw (2017, p. 3) expanded this 

suggesting they mirror real-life objects, processes or systems and can be defined ñas an evolving 

digital profile of the historical and current behaviour of a physical object or process that helps optimize 

business performanceò. However, Tao, Zhang and Nee (2020) noted the concept is not new having 

originated from NASAôs Apollo program. Duplicate ótwinsô of space vehicles were used to compare 

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. para 13) illustrates how a digital twin ñtakes 

the buildingôs data from all sources, including the physical (which BIM forms part of) and systems 

(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 digital picture of a buildingò. 
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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 IoT 

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 billion by 2025 (MarketsandMarkets, 2020, p. para 1). Their key benefit comes 

as a way to analyse ñdata and monitoring of systems to head off problems before they even occur, 

prevent downtime, develop new opportunities and even plan for the future by using simulationsò 

(Marr, 2017, p. para 2).  

Technologies and applications are graphically represented in the óGartner Hype Cycleô(2020). 

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 were considered an óInnovation Triggerô, whereas by 

2018 they had already reached the óPeak of Inflated Expectationsô. The óTrough of Disillusionmentô 

is where people doubt the real potential of a technology whereas the óPlateau of Productivityô 

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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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) noted that ñecosystems of digital 

twins could be created within networks of service-based assets, such as healthcare facilities or 

transport, in order to coordinate services across the networkò.  

Another popular buzzword is Property Technology (PropTech). The idea encapsulates ñtechnology 

being developed for the property industry, and it uses information technology (IT) to help property 

owners, property managers, and landlords to make better manage their assetsò (HqO, 2020, p. para 

5).  

The report óPropTech 2020: the future of real estateô (University of Oxford Research, 2020) used the 

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

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) 
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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 ñmodels of major systems, such as a road network or a 

water system, that allow agencies to manage, monitor and maintain themò. They suggested ñItôs a 

trend thatôs expected to have a transformational benefit in the public sector within five to ten yearsò 

(ibid). Figure 4.9 shows the óGartner Hype Cycle for digital government technology ï 2019ô in which 

we see the maturity of various key technologies including óIoT Platformô and the new concept óDigital 

Twins of Governmentô appearing as an óInnovation Triggerô. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Panetta (2016, p. para 14) reported Cearley from Gartner saying ñdigital twins will exist for billions of 

things in the near future. Potentially billions of dollars of savings in maintenance repair and operation 

and optimized IoT asset performance are on the tableò. With respect to how these savings will be 

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.  

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

a digital twin of a built asset is compellingò. We see a critical link here with BIM as Siemens (2018, 

p. 3) note: ñBIM is used to virtually simulate a physical building using what is called its digital twinò. 

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 BIM will be used for ónew buildô scenarios. For existing BA different approaches 

can be used for data collection and modelling e.g. óScan-2-BIMô modelling or photogrammetry and 

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, climate warming, population growth etc. the construction industry is ñunder a moral 

obligation to transformò and digitalisation and new technologies are empowering the change. Their 

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 left behind. He went on to add ñ93% of construction industry players agree that digitization will 

affect every processò (ibid, p3). In this section we review the impact on the AEC industry. Oesterreich 

and Teuteberg (2016, p. 126) observed, ñBIM is considered as the central technology for the 

digitisation of the construction manufacturing environmentò.  

The potential savings to the ACE/FM industries will be substantial as reported by BCG by 2025: ñfull-

scale digitalization...will lead to annual global cost savings of 13% to 21% in the design, engineering 

and construction phases and 10% to 17% in the operations phaseò. The report óThe Transformative 
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Power of Building Information Modelingô (Gerbet et al., 2016, p. 10) suggested ñby 2025, the total 

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 (10-17%) in the operationsò.  

 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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) 

 

 

 

 

Research by Singh (2018) based on the WEF report óShaping the Future of Construction a 

Breakthrough in Mindset and Technologyô (WEF, 2016) rated the likely impact and importance of 

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) 

 

 

Interestingly, Singh observed, ñBIM appears to be at the centre of most of the foreseen 

advancements in digital construction, whether it is incremental advancements toward design and 

construction management or more radical advancements toward robotics or direct digital 

constructionò (ibid, p2). Key technologies were considered by Gerbet et al. (2016) over the whole-

life-cycle of a BA as shown in Figure 4.12. They note ñthe key feature of the technology 

transformation is the software platform and control layer, which consist in large parts of BIMò (ibid, 

p4). 
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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 

ñrepresents the construction sectorôs moment of digitalisationò. The WEF (2016) agree noting BIM 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 3) noted ñthe purpose of infrastructure is human flourishingò. We now see 

ñtechnological advances are empowering wide ranging digitalisation of RE and leading to the creation 

of smart buildings and cities. Interestingly Roper (2019, p. para 5) argues both are a ñsub-set of a 

digital twinò. She perceived a ósmart buildingô as ña connected, integrated and insights-driven building, 

personalized and fine-tuned for specific outcomesò. Whereas, Gemalto (2020, p. para 3), described 

a ósmart cityô as ña framework, predominantly composed of Information and Communication 

Technologies (ICT), to develop, deploy, and promote sustainable development practices to address 

growing urbanization challengesò. 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 

occupantsô comfort and well-being, and produce sustainable designs. The smart city concept and 3D 

models are already developed by companies working with for example the open data model 

óCityGMLô standard (OGC, 2020). These include firms like Virtualcity-SYSTEMS (2020), Sanborn 

(2020), WRLD (2020) etc. 

 

The cdbb óSmart Infrastructureô report (Bowers et al., 2016, p. 1) predicts: ñsmart infrastructure is a 

global opportunity worth £2trn-4.8trnò. The report outlines the concept in Figure 4.14, which is 

achieved by ñcombining physical infrastructure with digital infrastructure, providing improved 

information to enable better decision making, faster and cheaperò (ibid, p2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 

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 industryôs lack 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 the óTransforming 

Infrastructure Performanceô report (IPA, 2017, p. 4) which stated: ñLifting productivity growth by even 

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 

a cornerstone of our national economic planò.  

 

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

can be seen in the óDigital Built Britain Strategyô which noted: ñour social and economic infrastructure 

is mature and in need of extensive maintenance, renewal and modification to meet emerging needsò 

(HM Government, 2015, p. 8). It goes on: ñour facilities and networks are becoming ever more 

integrated, to the point where their reliability often determines their capacity, stifling economic growth 

and social wellbeingò (ibid).  
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The latest óGovernment Construction Strategy: 2016-2020ô (IPA, 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 reinforced in the Governmentôs óIndustrial Strategyô: ñwe must make 

sure our infrastructure choices not only provide the basics for the economy, they must actively 

support our long-term productivity, providing greater certainty and clear strategic directionò (HM 

Government, 2017, p. 127). The supporting óIndustrial Strategy: Construction Sector Dealô report 

reinforced the importance: ñthe life of every person in Britain is affected by the construction sectorò 

(HM Government, 2018, p. 6). It added they will invest heavily in ñdigital technologies, including BIM, 

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

landscape; which will increase the efficiency of construction techniquesò (ibid, p13).  

 

Importantly the sustainability issues raised in Chapter 2 are addressed: ña commitment to shift focus 

from the costs of construction to the costs of a building across its life-cycle, particularly its use of 

energyò (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 world. As can be seen from the óThe Global Information Technology Reportô 

(Knoema, 2019), the UK is doing well but is behind other nations. The report ranked the UK eighth 

on the óNetwork Readiness Indexô (NRI) of 143 countries, behind, 1-Singapore, 2-Finland, 3-Sweden, 

4-Norway, 5-United States, 6-Netherlands, and 7-Switzerland. 

 

The Government has committed to support essential research centred around the cdbb to ñpromote 

the adoption of UK BIM standards overseas, and develop collaborations with international partnersò 

(ibid, p20). Examples of cdbb work include óThe Gemini Principlesô report by Bolton, Enzer and 

Schooling (2018) lays out key principles for national development of digital twins; and the óSmart 

Infrastructureô report (Bowers et al., 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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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 Governmentôs report óTransforming infrastructure performanceô (IPA, 2017) noted that 

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 

and survival, and the PwC report óDigital Factories 2020: shaping the future of manufacturingô notes 

many factories are ñalready investing in rolling out digital solutionsò (Geissbauer et al., 2020, p. 3).  

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 aspect of peoplesô work environments have changed dramatically and been redefined 

by digital technology, suggested JLL (2016). This is driving profound change in the FM industry as 

Stoddart (2016, p. 42) observed: ñtechnology is an enabler of the workplaceò and ñsmarter buildings 

are just around the cornerò (ibid). Kazado, Kavgic and Eskicioglu (2019) observed todayôs 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 

buildingsô indoor environmental quality and energy consumption. Meyrath (2018, p. 2) stated that the 

IoT has ñcatalysed FM into a new era, in which critical equipment is internet-enabled, allowing 

communication from all sorts of devices so they may report on their own condition and needsò.  

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

the IoT. A concept first conceived of by (Weiser, 1991) in his paper óThe Computer of the 21st Centuryô 

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 IoT 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 IoT provide FMs with new opportunities to provide better operations management, cost 

savings and proactive maintenance (Meyrath, 2018). Bauer, Patel and Veira (2014) noted that IoT 

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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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 IoT 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 

databased decisions are ñ5-6% more productiveò.  

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

with analyticsô (IBM, 2017, p. 5) suggests that ñan organization that uses basic automation to expand 

its reporting capabilities can improve its ROI by 188 percentò. This aligns with findings from academia 

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 noted: ñthe evolution of digital tools and technology 

applied in FM is oriented towards integration with other management systemsò. 

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

most important technologies impacting FM into four areas:  

1. BIM 

2. GIS 

3. IoT (i.e. RFID and sensor network technologies)  

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

Their findings are summarised in Figure 4.18. 
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Figure 4.18: Wong, Ge and Heôs (2018) future digital technology research roadmap  

 

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

data sources, argued Assunção 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), which ñcan present a data 

visualisation platform for data mining and Big Data analyticsò.  

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 that ñbuilding owners and operators are 

becoming far more interested in increasing occupant well-being and productivity. This is resulting in 

an increasingly complicated landscape of Smart Building solutionsò. They suggest seven 

ñfundamental attributes or capabilities enabled by digitization, which can define a Smart Buildingò 

(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 seeing a ódigital journeysô Boag (2019). This is seeing organisations look to enhance 

user experience within a building (or campus) often supported by digital ótouch pointsô. An example 

of a digital journey by one of ZHAW BSc students is shown in Figure 4.20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 AI which, when ñadded 

to the analytics in the smart system, the building becomes ócognitiveô, able to learn, co-operate with 

occupants and largely automate building operationò. 

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 reflected by Deloitte who noted ñgreater data sharing 

could release an additional £7bn per year of benefits across the UK infrastructure sectorsò (Deloitte, 

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 IoT devices and extract 

information needed. The WEF suggest organisations ñneed to prepare strategically to thrive in the 

face of anticipated disruptions to their businessesò (WEF, 2018, p. 19). They recommend ñactions 

should also include embracing digitalization to foster rigorous use of data and digital models, as well 

as adopting other advanced technologies at scaleò (ibid). Figure 4.21 from the WEF illustrates their 

recommended generic model with process steps to help organisations. 

 

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 significant benefits of the IoT to FM: ñgreater visibility into the equipment 

and maintenance ecosystem eliminates inefficient processes, driving more informed repair and 

replace decisions with a desired impact on the bottom lineò. Other benefits include; ñself-monitoring 

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 needsò (ibid). Figure 4.22 illustrates some of the benefits to different stakeholders 

(Siemens, 2018). 

 

 

However, with this increased digitalisation FMs and owners are facing new challenges. Their BA are 

becoming more ñIT-like in the sense of being instrumented, intelligent and interconnected and this 

convergence of physical and digital infrastructures makes their management increasingly complexò 

(IBM, 2017, p. 3).  

As Støre-Valen (2019, p. 1) recognised, a major challenge ñis to approach the existing building stock 

that does not have ódigital twinô representationò. The importance of the existing BA is made apparent 

in Figure 4.23 which illustrates óin developmentô BA (new builds) represent a very small percentage 

against those already óin useô (IPA, 2017). 

 

Figure 4.22: Digital twins driving opportunities for stakeholders (Siemens, 2018) 
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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) noted ñcurrent approaches for capturing the built environment using remote sensing 

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

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

considering the digitalisation of the RE (Table 4.7). 

 

 

 

Parrott and Warshaw (2017, p. 7)  argued that the focus needs to be ñon the kinds of information that 

will be required across the life-cycle of the asset under considerationò. This is where BIM will come 

to the fore. 

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

will ñsupport the UKôs overarching vision for high-performing, value-adding infrastructureò (Harris, 

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

 

Figure 4.24: Vision for 2030 ï 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 which will change ñthe way buildings are 

designed, constructed, operated, and maintainedò (Spence, 2019, p. para 4). It offers us new hope 

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 

BIM is ñone of the greatest technological innovations in the construction industryò (Liu et al., 2015, p. 

157). The RICS describe it as ñcentral to the digital transformation of the industryò (RICS, 2015, p. 1) 

and argued it changes ñprocesses and culture, enabling better collaboration and ultimately an 

integrated construction and asset management modus operandiò (ibid). The BIM revolution has 

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 industry is: ñWhat is BIM?ò Khemlani (2014) argued BIM is not new and Cherkaoui 

(2017) suggested the term óBuilding Modellingô was first used in papers in 1986 by Aish (1986) and 

Ruffle (1986). 

The origin of BIM (Sacks et al., 2018, p. 32) can be traced back to ñobject based parametric modelling 

developed in the 1970s and 1980s for manufacturingò. BIM entered into common use at ñend of the 

last centuryò (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)  

 

 

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 a ñnecessity for modern 

construction projectsò (Ashworth, Druhmann and Streeter, 2019, p. 2).  

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

have a ñdifferent view and perspective of life-cycleò. This aligns with many BIM practitioners who 

express confusion about ówhat BIM is, and what it is notô. Table 5.2 illustrates some examples 

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

 

Butt, Francis and Greenwood (2015, p. 560) suggested ñin the life-cycle context BIM can be 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-cycle ï spanning from earliest conception to demolitionò. This view of BIM applying across the 

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 BIM across every stage of a BAôs life-cycle. 
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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: 

óbuilding information modellingô; some, as a noun, óbuilding information modelô; and others as a 

process, óbuilding information managementô. 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, ñBIM will make project data computer-readable and 

openly exchangeableò. This brings us to the important 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 2 the UK Governmentôs 2011 óConstruction Strategyô (Cabinet Office, 2011, 

p. 14) mandated ñfully collaborative 3-D BIM (with all project and asset information, documentation, 

and data being electronic) as a minimum by 2016ò. Berstein (2019) argued that, rapid transformation 

throughout the industry, has been facilitated by the Governmentôs drive and support for BIM 

standardisation. Whilst the NBS (2019a) reported ñBIM adoption shot up from 10% in 2011 to around 

70% by 2019ò and BIM+ (2019) reported the BIM approach has helped ñusers save up to 22% in 

construction costsò. The UK is seen as world leading with its BIM standards but there has been 

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

Jøns Sjøgren, chair of the ISO technical subcommittee that developed the new óISO 19650ô BIM 

standards, stated the ñtried-and-tested British standard óBS 1192ô and publicly available specification 

óPAS 1192-2ô have been used as the basis to develop the latest international standardsò (BIM+, 
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2019). The new óISO 19650ô standards are now ñpart of a landscape, or ecosystem, of national and 

international standards supporting information management processes and technical solutionsò (UK 

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 from the early óBS 1192:2007ô up until the first two óISO19650ô standards and 

óTransition guidance to BS EN ISO 19650ô.   

 

 

 

 

 

 

 

 

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 

series general name is: óISO 19650, organization and digitisation of information about buildings and 

civil engineering works, including building information modelling ï Information management using 

building information modellingô. The first two parts were published in 2018: 

¶ óISO 19650ï1: Concepts and principlesô (ISO, 2018b) 

¶ óISO 19650-2: Delivery phase of assetsô (ISO, 2018d) 

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 óPAS 1192-3ô (BSI, 2014a) focused on 

the óoperational phaseô and óPAS 1192-5ô (BSI, 2015) on ósecurityô respectively:   

¶ óISO 19650-3: Operational phase of assetsô  

¶ óISO 19650-5: Specification for security-minded building information modelling, digital built 

environments and smart asset managementô. 

A further part is planned for delivery in 2021: 

¶ óISO 19650-4: Information exchangeô  
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The way practitioners access standards has changed significantly. The two main government BIM 

websites that were used over the last few years; the óUK BIM Task Groupô and óBIM-Level2ô have 

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 óISO-19650ô suite (Kemp, 2019). The resulting 

transition means that óBS 1192:2007 and óPAS 1192-2ô were withdrawn in 2018 and óPAS 1192-3ô 

and óPAS 119252ô in 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) 

 

The UK BIM Frameworkôs website hosts 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) 

 

From a practitioner perspective Ford (2019) noted people ñdonôt need to panic about the introduction 

of the new international BIM standardsò. He adds: they are ñpractically identical to those defined in 

BS 1192:2007 and PAS 1192-2:2013ò (ibid) and ñthe process is the same, and if you already have 

good compliance with the 1192 suite, then believe it or not, you are good to go alreadyò (ibid).   

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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working environments and in turn ñunsatisfactory project performance in the important dimensions 

of; time, cost, safety and health and qualityò (Rowlinson et al., 2017, p. 290).  

The UK BIM Alliance (2019, p. 14) noted ñsuccess often boils down to the parties involved and how 

well they work togetherò. A critical factor influencing successful 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.  

BIM projects involve a wide range of óactorsô. However, most are the same 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). 

 

 

Figure 5.3: BIM project stakeholders - Butt, Francis and Greenwood (2015) 

However, there are some new exceptions. One is the óinformation managerô role which is central in 

BIM projects. Clause 5.1.1 of óISO 19650-2ô (ISO, 2018d, p. 3) suggests that ñan information manager 

role is set up on the side of the clientò (the appointing party) and clause 5.3.1 recommends the same 

for the óappointed partyô (ibid, p9). 

 

Importantly, ñcollaboration and effective team working are at the heart of the ISO 19650 seriesò (UK 

BIM Alliance, 2019, p. 14). The standards require all parties involved to ñcollaborate to agree key 

roles and responsibilities and to agree an information delivery planò (ibid, p21). The standards define 

the key roles in a BIM project using the terms óappointing partyô and óappointed partyô to reflect 

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) 

 

 

To help improve collaboration óISO 19650-2ô clarifies the interfaces between parties and teams for 

the purpose of information management. Figure 5.4 illustrates these relationships (ISO, 2018d, p. 

ix). 

 

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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Figure 5.5: Functional relationships for information deliverables (Hooper, 2019) 

 

Another very important aspect of standardisation is the use of a óclassification systemô. ISOôs 

óInternational Classification Standardô (ICS) (ISO, 2015) can be used for producing classification 

systems. óISO 12006-2:2015ô (ISO, 2015b) specifically ñdefines a framework for the development of 

built environment classification systemsò. There are many classification systems across different 

countries and the Governmentôs nominated classification system is óUniclass 2015ô. The National 

Building Specification (NBS) described it as ña way of identifying and managing the vast amount 

of information thatôs involved in a project, and itôs a requirement for BIM projects, as set by the 

ISO 19650 series of standardsò (NBS, 2020a, p. para 2). Additional 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 taken from óISO 19650-1ô is useful to help illustrate the different levels of 

management and specific information requirements within organisations. 
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Figure 5.6: óISO 19650ô information management cycle (ISO, 2018b) 

Good information management is key to the success of these higher-level management processes 

and individual projects. The outer orange band represents the highest level of óorganisational 

managementô, normally controlled using a quality management system e.g. óISO 9001ô (ISO, 2015a). 

The yellow band represents the organisationôs AM strategy & project management approach, 

possibly using standards e.g. óISO 55000ô (ISO, 2018a) and óISO 21500ô (ISO, 2012) respectively. 

The blue band represents organisations using information management processes e.g. óISO 19650ô 

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 a project in the ódeliveryô and óoperationalô phases. 

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 operations team for use in the óoperational phaseô. 

The model shown in Figure 5.7 was adapted from óPAS 1192-2ô (BSI, 2014a, p. viii). It focuses on 

the project level and illustrates the óBIM information life-cycleô (process) starting with the initiation of 

a CAPEX project. The project team should óstart with the end in mindô. The óSTARTô position (red 

box) requires the client to assess their current higher-level need for information as per the previous 

model i.e. ñdo we have an existing AM strategyô and ówhat information is needed for the operational 

OPEX phase?ô. This needs 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 the client) acts as an óappointing partyô (ISO, 2018b) and must consider 

what óperformanceô and óproject outcomesô are expected, as well as any existing information which 
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should inform the start of the project. Note: The green and red circles underneath represent various 

óexchanges of informationô and ódecision pointsô during the project. 

 

Figure 5.7: BIM information life-cycle (adapted from óPAS 1192-2ô for teaching) 

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 a very clear óspecificationô of the clientôs overall information needs. All 

three should be updated, as required by the client or óappointing partyô, for individual projects in order 

to procure their BIM project in a competent and informed way. The OIR/AIR/EIR must provide clear 

guidance, avoiding a ógarbage in = garbage outô scenario (Ashworth, 2018a). Clients may be 

disappointed at handover, if the required information, based on their organisationôs management 

strategy, is not clearly specified. 

Clarity helps each óappointed partyô (ISO, 2018b) know exactly what is expected 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 contract is in place the óappointed partyô starts the project, following the standard RIBA 

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 

óhandoverô (stage 6). In order for the project to be a success this information must be structured in 

such a way it is easily transferable without loss (and lots of manual effort) into client management 

systems e.g. CAFM, SAP etc. (ibid).  The óENDô goal is to ensure FMs have all the information they 

need to manage and optimise the BA over their life. 

The newer version (ISO, 2018b, p. 28) of the same concept from óISO 19650ô is shown in Figure 5.8.  

 

Figure 5.8: óISO 19650ô conceptual model of BIM (ISO, 2018b, p. 28) 

This version can appear a bit generic (as it has to apply to many countries), and the óstartô lacks 

clarity around the need to define the clientôs needs (OIR, AIR and EIR). However, it does illustrate 

the need for a project óCommon Data Environmentô (CDE) for the centralised collection, sharing, 

managing, dissemination, exchange and retrieval of information during the life-cycle (for this reason 

the CDE is sometimes referred to as óthe single source of truthô).  

The model also highlights that at handover there will be some óresidual informationô not required by 

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 5.9 taken from óISO 19650-2ô (ISO, 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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Figure 5.9: Information management process - delivery phase (ISO, 2018d) 

 

A good place to start when trying to understand BIM are the óISO 19650ô standards 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 

important to understand that the óISO 19650ô series now use the terms óresourcesô and ócontentô 

needed for BIM projects, recognising that sometimes these may not be physical documents and 

could be integrated into other systems. Now ñthe emphasis is on the existence of content, not how 

the content is transportedò (UK BIM Framework, 2020a, p. 24).  

The concept model from the óGuidance Part 2ô shown in Figure 5.10 (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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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 UKôs approach to BIM has been seen as a model of excellence and influenced other 

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) using eight ómacro componentsô to measure maturity. Their findings shown in Figure 

5.11 clearly indicated the UK was in a leading position with respect to BIM.  

 

Figure 5.11: BIM maturity levels across 21 countries - Kassem and Succar (2017)  

 

The report óBuilding Information Modelling: Evaluating Tools for Maturity and Benefits Measurementô 

(Kassem et al., 2020) includes a detailed analysis of tools currently in use in industry to measure 

maturity. This included measuring them against óISO 19650-2ô.  

There is often confusion in practice with people using the terms ólevels of BIMô and ódimensions of 

BIMô. This aligns with research by Dakhil and Underwood (2015, p. 229) who noted ñthe term BIM 

represents different things to different peopleò. Most practitioners were familiar with the 

óBew/Richards BIM Maturity modelô (BSI, 2013) used in parts 2/3 of óPAS 1192ô and shown in Figure 

5.12; often referred to as the óBIM Wedgeô. Many people have found it useful for illustrating the 

progressive development in maturity of the use of BIM and the relationship to BIM standards.  



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

Page 118 of 523 

 
 

Figure 5.12: BIM maturity levels from óPAS 1192-3ô (Bew and Richards, 2008/13) 
 

However, people were often not clear what each specific level involved. Table 5.6 based on the work 

of (McPartland, 2018) helped provide clarification regarding the ómaturity levels of BIMô. 

Table 5.6: BIM levels of maturity, adapted from (McPartland, 2018) 
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The new óISO 19650-1:2018ô updated the óBIM Wedgeô with the graphic shown in Figure 5.13. 

Commenting in a video on the changes Hooper (2019) observed ñMaturity is now measured in stages 

rather than levelsò. She went on to note that we need to remember ñthe most important thing in the 

BIM process is the information and itôs managementò (ibid). The standard notes ñInformation 

management can be represented as a sequence of maturity stagesò (ISO, 2018b, p. 6). Churcher 

(2019) observed they are made up of four discrete ólayersô defining maturity and óincreased benefit 

from collaborationô. We also see the importance of the CDE (technology layer) which supports the 

federated models at Stage 2 (information layer). 

 

Figure 5.13: óISO 19650ô stages of maturity (ISO, 2018b) 

 

Until óISO 19650ô government 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. 

¶ The project also needs to abide by the UK BIM Framework standards listed in Chapter 5.2. 

Another expression that causes confusion is ódimensions of BIMô; Cunha (2018, p. para 4) noted they 

are ñdifferent to BIM maturity levels. They refer to the particular way in which particular kinds of data 

are linked to an information modelò. Each dimension can be thought of as adding an additional layer 
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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.  

 

 

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) who argued they must ñclearly state which data and information they need 

at which point in the project and order it accordinglyò. This is reinforced by óISO 19650-1ô which states 

ñthe appointing party should understand what information is required concerning their asset(s) or 

project(s) to support organisational or project objectivesò (ISO, 2018b, p. 8).  Clients must confirm 

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 

Allianceôs óGoing Digitalô guide by Saxon, 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)  

 

Clients should understand the requirements placed on them and other parties as stated in the óISO 

19650ô standards. 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 from óISO 19650-2ô 

(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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.15: óISO 19650ô information management process (ISO, 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) noted that a legal contract tool such as óThe BIM Protocolô (CIC, 2018a) 

can be utilised to avoid possible misunderstandings between parties. This ñprovides clarity to all 

parties on their rights to use, and obligations over the shared digital models and the intellectual 

property they containò (ibid, p. 21). The protocol incorporates 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 recommendation for a CDE. óThe BIM Protocolô appendices include: 

1. Responsibility Matrix: specified information to be produced, shared and published by team 

members and the applicable Level of Definition (LOD) 

2. EIR covering the client information needs and BEP covering the contractorsô response 

3. The Security Minded Provisions addressing the clientôs security requirements and any that apply 

to information in the project or if these do not apply 

Note: A new óBIM Protocolô, from the UK BIM Framework is now available which more closely aligns 

with the óISO 19650ô standards.   

5.7 Information requirements 

The ñinformation requirements are the most important concept of information management as they 

define the inputs for the whole information management ecosystemò (UK BIM Framework, 2020a, p. 

45). óISO 19650-1ô defines óinformationô as ñreinterpretable representation of data in a formalised 

manner suitable for communication, interpretation or processingò (ISO, 2018b, p. 3). When defining 

the requirements an often-quoted expression in the BIM process: to óstart with the end in mindô. 

Ashworth, Tucker and Druhmann (2018) interpreted this as: ñthe analogy of completing a jigsaw 

puzzle. One needs to have all the pieces and a strategy to bring them successfully together to be 

able to see the big pictureò. The strategy and jigsaw pieces are like the various information 

requirements in the BIM process (OIR, AIR, EIR, etc.). The óappointing partyô must first understand 

what information they need and why. A way to visualise this is shown in Figure 5.16 where the 

information óreceiverô (usually the client/FMs) have to clarify the need for the óproviderô so they can 

clearly understand why they need to provide the specific information for the project (UK BIM 

Framework, 2020a, p. 46). 

 

 

 

 
 
 
 
 Figure 5.16: Reverse engineering approach (UK BIM Framework, 2020a) 
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Figure 5.17 from óISO 19650-1:2018ô (ISO, 2018b, p. 9) illustrates the ópieces of the jigsawô (the 

various information requirements) and the relationships between them at a project level.  

 

 

 

 

 

 

 

 

 

 

Experience has shown that often people are not clear what each of these require. Table 5.8 highlights 

the very short óISO 1965-1ô definition of each term. In addition further clarification is included to make 

them clearer. 

 

 

 

Figure 5.17: Hierarchy of information requirements (ISO, 2018b) 

 

Table 5.8: Information requirements - OIR, AIR, EIR and PIR (ISO, 2018b) 
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Note: óBS 8536-1:2015ô suggests the use of Plain Language Questions (PLQ) as a órequest (or a 

check) for informationô that is expressed in simple, easy-to-understand terms (BSI, 2015a). They can 

be used as ña check against the complete, comprehensive contents of EIRsò (UK BIM Alliance, 2018, 

p. 11).  

 

The delivery team develop their 3D models and collect the supporting alphanumeric data and 

documents during the ódelivery phaseô. During this time this is collectively referred to as the PIM. At 

the end of the project the delivery team transfer the information to the operations team. It is then 

referred to as the AIM for use in the óoperational phaseô (ISO, 2018b). 

 

Experience has shown people and organisations need time to develop their OIR/AIR/EIR properly. 

Organisations should ask for what they really require and not a long list of ónice-to-havesô. This was 

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): ñdefining information requirements is not a tick box exercise; poor 

inputs tend to produce poor outputs leading to risks and unpredictabilityò. 

 

Ford (2020, p. para 16) observed that in practice ña tiny fraction of our projects are truly following the 

process defined in the PAS/ISOò. He believed many clients are still ñstruggling to understand the 

impact of the EIRò (ibid, para 17). Ashworth, Tucker and Druhmann (2017, p. 1) argue ñthere is need 

for FM and client specific guidance including how to prepare an EIRò. This led to several pieces of 

work during the PhD, including two papers by Ashworth, Tucker and Druhmann (2018): óEmployerôs 

Information Requirements (EIR): A BIM case study to meet client and facility manager needsô (ibid) 

and óCritical success factors for facility management employerôs information requirements (EIR) for 

BIMô. In addition a project with the then BIFM resulted in the óEIR Template and Guidanceô by 

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 is defined in óISO 19650-2ô as a: ñplan that explains how the information management 

aspects of the appointment will be carried out by the delivery teamò (ISO, 2018d, p. 2). It has two 

main purposes: ñfirst, it allows the design team to demonstrate that they have the relevant 

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 

workflow and file namingò (RIBA, 2020, p. 115). A ópre-appointmentô BEP is used to allow the client 

(appointing party) to assess the delivery teamôs BIM delivery and federation strategy, team 

competencies, capacity, approach to risk and whether they have understood the clientôs information 

needs. The BEP must include a ñresponsibility matrixò (ISO, 2018d, p. 10) and a ñproposed schedule 
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of software (including versions), hardware and IT infrastructure the delivery team intend to adoptò 

(ibid). Once the ópre-appointmentô BEP is signed it becomes the ócontractualô BEP.  

 

The óISO 19650ô standards state the delivery supply chain (the main appointed party and their 

suppliers) are required to plan their project deliverables and tasks using ña task information delivery 

plan (TIDP)ò (ISO, 2018d, p. 15). The ñlead appointed party shall aggregate the TIDP from each task 

team to establish the delivery teamôs master information delivery plan (MIDP)ò (ibid). This is the plan 

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'. A project CDE can be thought of as a ódigital data roomô or a shared 

workspace and Rock (2017) observed it allows progression and functioning of a project, enabling 

information to be accessed and shared. óISO 19650-1ô defines a CDE as the ñagreed source of 

information for any given project or asset, for collecting, managing and disseminating each 

information container through a managed processò (ISO, 2018b, p. 5). Section 12 of the same 

standard states a ñCDE solution and workflow should be used for managing information during asset 

management and project deliveryò (ISO, 2018b, p. 24).  

 

Clients should be aware that clause 5.1.7 of óISO 19650-2ô note this is the responsibility of the 

óappointing partyô (client) but it can be managed by a third party (ISO, 2018d). If set up correctly 

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)   

 

 

It is important to note that the CDE has two main elements: óthe workflowô and the ótechnical solutionô. 

The óISO 19650ô standards clarify the difference ñthe CDE workflow describes the processes to be 

used and a CDE solution can provide the technology to support those processesò (ISO, 2018b, p. 

24). To ensure control of the information sharing process the CDE for each project requires ñwell-

defined access areas for the project stakeholders combined with clear status definitions and a robust 

workflow description for sharing and approval processesò (Preidel et al., 2016, p. 2).  
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In todayôs digital world the CDE will often be a digital ócloud-basedô solution. It could be a single 

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 óopenô or óclosedô BIM approach. It was observed by Oldfield et al. (2017) that ñthe world of BIM 

encompasses proprietary BIM such as the products produced by Bentley or Autodesk and then 

openBIM, represented by buildingSMART BIM standardsò. Juan and Zheng (2014) stated, a closed 

BIM solution uses one of these ónativeô platforms, whereas an open BIM solution allows the 

stakeholders to use whatever system suits them best (with an óopen exchangeô) to best meets their 

needs. Figure 5.18 illustrates the two approaches (Siemens, 2017).   

 

 

 

Figure 5.18: Illustration 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) is very important. óISO 19650-2ô suggests 

ñusing open standards whenever possible and clearly defined operating procedures to enable a 

consistent approach by all organizations involved and bring a number of advantages for all involvedò 

(ISO, 2018d, p. 11).  

 

Figure 5.19 from óISO 19650-1ô illustrates 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 status of information. The codes are contained in óThe National Annex ï 

óISO 19650-2ô Table NA.1. The last state óarchiveô contains information not required for day-to-day 

operations, but which might be needed in the future e.g. for renovations projects. 
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Figure 5.19: CDE concept as explained in óISO 19650-1ô (ISO, 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 of óISO 

19650-2ô. It 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 a ófederated modelô (RICS, 2015, p. 19). This principle is illustrated in Figure 5.20. 

 

Figure 5.20: BIM models making up a federated model (RICS, 2015) 
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óISO 19650-1ô notes the CDE solution and workflow must ñenable the development of a federated 

information modelò (ISO, 2018b, p. 23) and ñat the end of a project, information containers required 

for asset management should be moved from the PIM to the AIMò (ibid, p24). As such BIM offers 

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): ñthe idea of BIM as a model and a 

database that can be used during the whole-life-cycle of the building is one of the most enduring 

elements in defining the potentiality of BIMò. 

5.10 OpenBIM standards 

The report óData for the Public Goodô (National Infrastructure Commission, 2017, p. 5) highlighted 

the importance of open data reporting an ñannual economic benefit of approximately Ã8.9bn for the 

UKò. Rossiter and Hooper (2020) define open data as, data available/visible to others and that can 

be freely used, re-used, re-published and redistributed by anyone. They added ñopen formats 

include: HTML, PDF, DOCX, XLSX, PPTX, ODT, ODS, ODP, IFC, PNG, GIF, MP3, CSV and ZIPò. 

 

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 understand ñthroughout a design and construction project, information will 

pass through multiple software solutions. During these exchanges it is the information, not the 

software used, that provides value. The software is merely a toolò (UK BIM Framework, 2020a). It 

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 as ñthe worldwide industry body driving the digital transformation of the built environmentò. They 

manage the óopenBIMô standards which provide ña collaborative process that is inclusive of all 

participants, promoting interoperability to benefit projects and assets throughout their life-cycle. They 

also have a ócertified softwareô list used by industry which can be accessed on their website 

(buildingSMART, 2020a). 

 

The open standards enable workflows so different stakeholders can ñshare their data with any BIM 

compatible softwareò (buildingSMART, 2020b, p. para 3). Importantly they are óvendor neutralô 

meaning software suppliers do not control them. Figure 5.21 from Lai and Deng (2018, p. 539) 

highlights the critical issue on óinteroperabilityô between different software tools and the concept 

where ñIFC schema acts as a medium for bidirectional data sharing and exchange between 

heterogeneous softwareò.  
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Figure 5.21: Data interoperability between software tools - Lai and Deng (2018) 

 

It is exactly the ólack of interoperabilityô that is at the heart of open standards and IFC. Table 5.10 

highlights the key buildingSMART openBIM standards which are in place to overcome such 

problems. 

 

 

Table 5.10: Key buildingSMART standards (buildingSMART, 2020b) 

 

 

A key benefit is improved interoperability and open sharing of data which in turn empowers 

ñcollaborative design, construction and operation of assetsò (RICS, 2015, p. 21). BIM tools which use 

the standards can ñmore easily exchange project and spatial data in common file formatsò (National 

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) 

 

IFC is central to openBIM, Baldwin (2018a) highlighting its importance: ñsome would say the primary 

standard, for openBIM data exchangeò. Its use crosses borders and Areo (2016) note IFC as the 

best known global standard which is actively used for data exchange by many stakeholders in the 

building industry. It is the key to stakeholders sharing ñdata regardless of what software application 

they use to get their job doneò. Baldwin (2018a) suggested thinking of IFC like the ópdfô of BIM. Native 

software like Revit, ArchiCAD etc. can produce óIFC exportsô which are like ña frozen copy of the 

original contentò. These can then ñbe viewed, measured, used for clash detection, cost estimation, 

simulations etc.ò (ibid). However, IFC is not intended for making changes. If required, these must be 

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. 

 

 

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 Dictionary (bSDD) provides ñan online tool to map synonyms and multiple language 

translations. Itôs sort of like the Google Translate for BIMò (Baldwin, 2018b). It ensures a standardised 

use of terminology across BIM software in multiple languages e.g. the dictionary aligns a ówindowô in 

English as a óFensterô in German. Model View Definitions (MVD) are very important providing ñfiltered 

IFC views basically allowing you to simplify the data exchange process and to avoid sharing useless 

or redundant information while following standardized proceduresò (Biblus, 2020). For example, if 

someone wants an IFC export for energy simulations then they can request that specific ódata 

packageô to avoid getting everything. The principle is shown in Figure 5.23. 
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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).  IDM is ñused to identify discrete processes that are undertaken during 

the life-cycle of a built asset, and to detail the information required to carry them outò (Designing 

Buildings WiKi, 2017). 

 

One of the most significant tools for FM is COBie. Wilkinson (2019) described it as an important 

ñsubset of IFCò, and óBS 1192-4ô (the BS for COBie) ñas a buildingSMART model view definition 

(MVD) which includes operational informationò (BSI, 2014, p. 4). Hamil (2018) noted COBie is ña 

non-proprietary data format as distinct from geometric informationò. As such it importantly addresses 

the transfer of óalphanumeric informationô in BIM projects. It was originally developed by East (2007) 

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 

important as one of UK Governmentôs key óBIM Level 2ô deliverables and as of ñJanuary 2019, the 

UK National Annex within óBS EN ISO 19650-2ô states that non-geometric information exchanges in 

open data formats should be structured to COBie formatò. The various COBie spreadsheet views are 

described in great detail in óBS 1192-4ô. Figure 5.24 illustrates an overview of all the spreadsheets 

used to capture essential information required for the operations phase (BIM Working Party, 2011, 

p. 61). 
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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 scenario where BIM teams work using an óIFC based object 

orientated database with a BIM serverô which prevents the need to constantly exchange large files. 

 

 Figure 5.25: Stakeholders/tools in BIM projects - Meslec, Hubbuch, and Ashworth (2019) 
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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.   

 

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 

retro-modelling of existing buildings: ñ3D modelling applications helped Copenhagen Airport A/S 

achieve a 4.46 percent cost savingsò (Civil + Strucural Engineer, 2018, p. para 1).  

Other academics like Hossain and Yeoh (2018, p. 6) observed: ñmost existing buildings do not have 

a BIM and creating a BIM for existing buildings is challengingò. Khaddaja and Srourb (2016, p. 1532) 

suggested there are considerable technical challenges to be overcome ñmainly revealed in the 

automation of data capture for BIM creation, maintenance and updates for a pre-existing BIM model, 

as well as in handling uncertain dataò. They also note: ñproper data management and interoperability 

are the most serious informational challengesò (ibid). 
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A literature review of over 180 publications by Volk, Stengel and Schultmann (2014, p. 109) 

assessing data capture techniques for existing BA indicated: ñscarce BIM implementation in existing 

buildingsò. Their findings highlighted three major challenges: 

1. High modelling/conversion effort from captured building data into semantic BIM objects 

2. Updating of information in BIM 

3. Handling of uncertain data, objects and relations in BIM occurring in existing buildings  

They also researched a range of possible techniques for capturing/analysing existing BA. Figure 5.27 

shows their summary of the techniques. 

 

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 

create a BIM model for new and existing BA (ibid). 

 

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 

many significant fields of research.  Major advances are being made all the time which will make the 
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creation of simpler 3D models (BIM and others) more possible in the future. Khaddaja and Srourb 

(2016, p. 1526) noted BIM is becoming popular for projects like ñenergy-driven retrofitsò. Other ideas 

for how BIM can be used with existing BA are explored in the óBIM & Existing Building Magazineô 

(Charlton, 2018). In construction there is increased use of automated data capture technology for 

quality and progress checking to reduce faults at handover. Alizadehsalehia and Yitmenaôs (2016, p. 

102) research reported ñsignificant progress towards automating field data capturing real-time 

information from real-life physical project processes and visualization of as-built status of a project 

using BIM has been achievedò. 

5.12 The Governmentôs future plans with respect to digital transformation  

Both this and Chapter 4 highlight that digitalisation and BIM has developed at a fast pace. Back in 

2011 the Government had already set out a ófinal visionô for information delivery. This reflected 

technological advances with the aim of using ñfully web enabled transparent (to the user) scenario, 

based on the buildingSMART IFC/IDM and IFD standardsò (BIM Working Party, 2011, p. 61). Figure 

5.29 illustrates the Governmentôs vision in 2011 in relation to the old BIM levels and the BIM wedge.  

 

 

Figure 5.29: UK Government BIM ófinal visionô (BIM Working Party, 2011) 

 

The BIM2050 group report óBuilt Environment 2050ô (Thompson et al., 2014) provided further useful 

insights as to government thinking about the digital future as we approach a ósecond waveô of BIM 

and key technologies moving the industry to Levels 3/4 (Figure 5.30).   



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

Page 136 of 523 

 

Figure 5.30: Socio-technological frontier (Thompson et al., 2014) 

Philp (2014, p. para 4) noted: ñthe report envisages that digitisation will change the construction 

industry landscape, giving life to new innovative ways of working which are transformative, dynamic, 

rapid and disruptive by designò. Thompson et al. (2014) also reported that the rate of change in 

technology is going to lead to a need to adapt todayôs skills to suit the demand of tomorrowôs 

requirements. Considering what might come in the future, we can see that CDE will become 

increasingly important forming digitally managed platforms ñmade up of a number of information 

management systems (Preidel et al., 2016)ò.  

The report óAsset Information Management - Common Data Environment Functional Requirementsô 

described the future government vision for ña BIM Level 2 Asset Information Management Common 

Data Environment (AIM CDE)ò (BIM Working Group, 2018, p. 2). The purpose ñis to provide a 

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 maintained and operated assetsò (ibid). The cdbb (2020) noted ñwe must recognise 

infrastructure as a system of systems and manage it accordinglyò. They went on to add ñnational 

infrastructure strategies must address the whole system, existing infrastructure as well as newò (ibid). 

 

Figure 5.31 illustrates how different systems might be combined to create such a óAIM CDEô across 

an assetôs life-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 AI 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.  

 

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, to international óISO 19650ô standards. he UK BIM Framework website which replaced older 

Government websites is now 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 avoiding the ógarbage in = garbage 

outô scenario. Chapter 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, ñthe asset and facilities 

management sector play a critical part in the safe, reliable and productive delivery of services across 

the nationò. However, exactly how FMs should best engage in the BIM process ñhas generated 

fervent debate within the extant literatureò (Hosseini et al., 2018, p. 2). An important concept is that  

the óiô in BIM represents the ñinformation which is at the heart of BIMò (Hamil, 2012, p. para 21).  

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 is lost due to a poor óhandover processô, leading to additional time and cost 

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 information from the óBIM processô (shown in green) i.e. 3D models, alphanumeric data and 

documents, in order to support óday-to-day FM operationsô (shown in pink) i.e. óFM processes, 

services, cost control, and productsô. The diminishing green lines reflect the loss of óonsite 

knowledgeô as the D&C team leave the project 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 l óDeath Valley of knowhowô. 
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Azhar, Khalfan and Maqsood (2012, p. 21) suggested ñBIM will significantly help to prevent these 

lossesò.  

 

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. 

 

Figure 6.1: The Death Valley of knowhow at handover (Ashworth, 2019) 
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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 óBS 8536-1:2015, which promotes ñearly involvement of the operator, operations team 

or facility manager, as appropriateò (BSI, 2015a, p. 1). It also notes the importance of óoperabilityô, 

and that to ensure óusabilityô: ñdesign decisions have to be based upon accurate and relevant 

information and data, and their impact on operational needs has to be understood before they are 

committed to construction work and/or installationò (ibid). 

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: ñclients followed by facilities managers benefit most from BIM implementationò. Still, 

ñdespite this, over 70% do not provide a 3D model and Cobie dataset at the conclusion of a projectò 

(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, adding the ñuse of BIM technology in the 

operational phase of a buildingôs life-cycle is just beginning to take hold as building owners look for 

new ways to improve the effectiveness of their facility operationsò. The perceived value by owners of 

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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Only by increased engagement in the process will clients/FMs reap the rich benefits in operation. 

This was highlighted by Sarah Davidson in the ó10th Annual BIM Reportô (NBS, 2020c, p. 8): ñThe 

client has a significant (and arguably the most important) role to play within the information 

management ecosystemò. However, it noted the most common barrier (at 64%) to BIM adoption was 

ñlack of client demandò (ibid, p3); reinforced the argument more needs to be done if BIM is to be 

successful in the operational phase of BA. 

Thomas (2017, p. 2) noted the main role of FMs is to ñrepresent the interests of the owner, client 

(employer) and end-user to ensure that a facility can be operated, maintained and managed 

effectivelyò.  

Figure 6.4 illustrates an óFM-BIM strategyô concept model developed by Ashworth (2016) and 

subsequently updated in 2020. It highlights the role of FMs in BIM projects showing a client óFM 

representativeô (preferably in-house FM, but it could be a FM consultant) appointed as recommended 

by óBS 8536-1ô. They should 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 organisationôs information needs (OIR and AIR) and then draft an EIR which takes into account 

the organisationôs wider corporate and AM strategic approaches.  

Figure 6.3: Potential vs actual ï BIM in operation (McGraw Hill Construction, 2014) 
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Note: The original 2016 model was updated in 2020 to align with the new óISO 19650ô standards, UK BIM Framework guidance with new óBIM Information Protocolô, 

IWFM guidance and the óRIBA 2020 PoWô. 

 

 

 

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 clientôs EIR and information 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: ñIt should be clear why 

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 clientôs 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. 4) argued FMs need access to ñinformation that is current, accurate, and relevantò. 

Florez and Afsari (2018, p. 2) stated the plan for acquiring such information should be SMART and 

include: ñmaterial types, floor characteristics, building functions, floor plans and systems, equipment 

lists, connections between equipment, product data sheets, warranties, preventive maintenance 

schedules etc.ò This 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 ñcollect O&M information about the 

systems and assetsò (Ashworth et al., 2020, p. 6).  

It is important to note that the handover is a ótransition processô as highlighted in the 4P model 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.). A ólessons learntô 

exercise should be conducted to provide an improvement feedback loop for the next BIM project.  

The process may require a final óreduction processô to ensure relevant information 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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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 (óappointing partyô) in line with óISO 19650ô as per Table 6.1.  

Table 6.1: Client activities in the BIM process (UK BIM Framework, 2020a) 

 

óBS 8536-1ô notes: ñthe owner should take steps to ensure that there is sufficient information 

technology in place to support óLevel 2 BIMô, where this is to be adoptedò (BSI, 2015a, p. 22). Clients 

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. This was taken from the IWFM óThe role of FM in 

BIM projectsô (Thomas, 2017, p. 15) and updated to reflect the new RIBA 2020 stages.  

 

 

Figure 6.6 from the UK BIM Framework reminds us of the need to define a clear hierarchy of 

óinformation requirementsô (as detailed in Chapter 5.7) and are central to the success of BIM. The 

OIR is the starting point and its focus should be óhigh-level business relatedô. The AIR is more 

ódetailed appointment specificô, the PIR are óhigh-level project relatedô and finally the EIR should take 

all these into account and be ódetailed appointment specificô. 

Table 6.2: Estimate of FM involvement in RIBA 2020 stages (Thomas, 2017) 
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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 ñfundamental lack of understanding of 

what information should be collected to support the efficient management of assets throughout their 

lifeò.  

 

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 understanding of the organisationôs needs. An example from this approach in practice 

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. 

Figure 6.6: Hierarchy of information requirements (UK BIM Framework, 2020a) 
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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. 

 

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. 

 

 

 

 

 

 

 

 

 

 

Figure 6.9: Process for establishing AIR - Heaton, Parlikad and Schooling (2019) 

 

Experience of developing OIR, AIR and EIR documents has shown they have both óuniqueô and 

ógenericô elements. For example, most OIR will describe ómanagement reportingô needs which usually 

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 people can do is use a ócopy-pasteô approach using other OIR/AIR 

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 formal contracts using an óInformation 

management responsibility matrixô similar to the example shown in óISO 10650-2:2018: Appendix Aô.   

This avoids later misunderstandings and possible legal action. Clients can download the IWFM óEIR 

Template and guidanceô by Ashworth and Tucker (2017a), from the IWFM website which was 

developed specifically to meet the needs of clients/FMs. Figure 6.10 from the paper óCritical success 
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factors for facility management employerôs information requirements (EIR) for BIMô (Ashworth et al., 

2018) illustrates the overall structure of the EIR.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 

 

 

 

 

 

 

 

 

Figure 6.10: Overall structure of IWFM EIR guidance ï (Ashworth et al., 2018) 

 

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. A BIM ócompetence assessmentô should be 

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) 
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There is not space in this work to cover these documents comprehensively. However, a few key 

issues are highlighted here.  óThe role of FM in BIM projectsô (Thomas, 2017) and the óOperational 

readiness guideô (Beadle et al., 2017) 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. 

óBS 8536ô promotes the important principle of ñdesign and construction for operabilityò (BSI, 2015a, 

p. 18). A  detailed list in Appendix B highlights primary FM activities in preparation for a BIM project. 

óBS 8536-1 Annex Gô (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 appoints a person ñresponsible for coordinating all transition-related 

activities with the ownerôs representativeò (ibid, p17). A key task set out in clause 4.3 requires setting 

ótarget performance outcomesô. These should be defined at the project start and include categories 

shown in Table 6.4 with KPIs for checking compliance which are ñdigitally checkableò (ibid, p10):  

Table 6.4: Key performance targets required by óBS 8536-1ô (BSI, 2015a) 

 

óBS 8536-1ô also suggests commissioning, training and handover need to be jointly planned between 

the ódeliveryô and óoperationsô teams.  








































































































































































































































































































































































































































































































































































































































































































































































