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AEC – Architecture Engineering and Construction.

AI – Artificial Intelligence; uses machine learning to replicate human intelligence.

AIM – Asset Information Model; A term to describe the set of information (documents, graphical model and nongraphic data) accrued in the project operation/in-use phase.

AIR – Asset Information Requirements; the part of BIM process defining graphical data and non-graphical data information and documentation needed for lifetime operation and management of the built asset.

AR – Augmented Reality; the process of adding digital information to enhance the physical world.

BDA – Big Data Analytics; is the process of examining large and varied data sets, or big data, to uncover information such as hidden patterns, unknown correlations, market trends and customer preferences.

BEP – BIM Execution Plan; A written plan to integrate BIM tasks and information with stakeholders and processes.

BIM – Building Information Modelling.

ISO – International Standards Organisation.

BS EN ISO 19650 parts 1; The British/European/ISO Standard for managing the entire lifecycle of the built asset using BIM following the same requirements as BIM level 2. Part 1 refers to concepts and principles within the standard.

BS EN ISO 19650 parts 2; The British/European/ISO Standard for managing the entire lifecycle of the built asset using BIM following the same requirements as BIM level 2. Part 2 refers to the delivery phase of the asset.

BS EN ISO 19650 parts 3; The British/European/ISO Standard for managing the entire lifecycle of the built asset using BIM following the same requirements as BIM level 2. Part 3 refers to Operational phase of the asset life cycle.

BS EN ISO 19650 parts 4; The British/European/ISO Standard for managing the entire lifecycle of the built asset using BIM following the same requirements as BIM level 2. Part 4 refers to Information exchange.

BS EN ISO 19650 parts 5; The British/European/ISO Standard for managing the entire lifecycle of the built asset using BIM following the same requirements as BIM level 2. Part 5 refers to security-minded approach to information management.

CAD – Computer Aided Drawing/Drafting; A software tools that feed into the BIM model.

CAFM – Computer Aided Facility Management software system.

CDBB – Centre for Digital Britain, Cambridge University.

CDE – Common Data Environments

CDM – Construction Design and Management Regulations (2015) are regulations that govern the way construction projects are planned in the UK.

CIOB - The Chartered Institute of Building; A worldwide professional body that represents construction and property professionals who work within the built environment.

CMMS – Computerised Maintenance Management System.

COBie – Construction Operations Building Information Exchange; is an information exchange specification for life cycle capture and delivery of information needed by FMs.

EDMS – Electronic Data Management System.

EIR – Employers Information Requirements; also known as Exchange Information Requirements (EIR BS EN ISO 19650) Sets out information to be delivered by project teams along with the standards and processes to be adopted for construction projects.

FE – Further Education Sector.

FM - Facility/ Facilities Management / ; A profession that encompasses multiple disciplines to ensure functionality, comfort, safety and efficiency of the built environment by integrating people, place, process and technology. 

GDPR - -General Data Protection Regulation (GDPR); came into force on 25th May, 2018 and was designed to modernise laws that protect the personal information of individuals. 

GSL – Government Soft Landings aimed at providing smooth transitions between design and construction stages through to the operational stages of the final built asset.

Hard FM - refers to physical structures like mechanical heating, plumbing, fire safety systems, lighting and electrical and air conditioning.

HE – Higher Education Sector. 

HM Government – Her Majesties Government.

IFMA - International Facilities Management Association; World’s largest and most widely recognized international association for facility management professionals.
 
IoB – Internet of Behaviour; refers to attempts to understand the data collected from users’ online activity from a behavioural psychology perspective. It seeks to address the question of how to understand the data, and how to apply that understanding to create and market new products, all from a human psychology perspective.

IoT – Internet of Things; refers to all web-enabled devices that collect, store and send data taken from their surrounding environments using sensors, software, and electronics or communications hardware.

IT – Information Technology.

IWFM - Institute of Workplace and Facilities Management; –A pioneering body for workplace and facilities management professionals. (Previously BIFM – British Institute of Workplace & Facilities Management). 

IWMS – Integrated Workplace Management System.

MEP – Mechanical Electrical and Plumbing.

Microsoft Teams - Is a proprietary business communication platform developed by Microsoft, as part of the Microsoft 365 family of products. A chat-based collaboration platform complete with document sharing, online meetings.

NBS – National Building Specification; is an integrated global platform for everyone involved in the design, supply and construction of the built environment.

O&M – Operations and Maintenance documentation functions, duties and labour associated with the daily operations and normal repairs, replacement of parts and structural components, and other activities needed to preserve an asset so that it continues to provide acceptable services and achieves its expected life.

OIR – Organisational Information Requirements; establishes and categorises the information required to meet the needs of its asset management system.

PAS 1192 series 2-7 – Publicly Available Specification; a fast-track standard and a mechanism to get much needed standards into an industry in a short space of time (Previously titled Product approach specification).

PIM – Project Information Model; developed during the design and construction phase of a project.

Point Cloud – A set of data points that measure the external surfaces of objects around them. Data points are typically produced using 3D laser scanners.

PPM – Planned Preventative Maintenance; a predetermined task or action to be performed on assets

Reality Capture – The process of scanning an object and producing a 3D model.

Revit – A building design software specifically created for BIM.

RICS - Royal Institute of Chartered Surveyors; A world leading professional body for qualifications and standards in land, property, infrastructure and construction.

SFG20 - Service and Facilities Group; a benchmark standard maintenance specification for building engineering services providing building owners, managers, contractors, consultants and end users with the tools to keep buildings properly maintained and compliant.

SMART DATA – Is digital information that is formatted so it can be acted upon at the collection point before being sent to a downstream analytics platform for further data consolidation and analytics.

Soft FM - refers to elements managed by people, landscaping, office decorating, cleaning and security. 

SWG – Service Works Global; is an International provider of facilities, property and workplace management software.

The National Digital Twin – Refers to the Centre for Digital Built Britain, a partnership between the University of Cambridge and the Department for Business, Energy and Industrial Strategy. The digital twin is the virtual representation of a physical object or system across its life cycle. It uses real-time data and other sources to enable learning, reasoning, and dynamically recalibrating for improved decision-making.

Twin View - Digital twin software for the effective maintenance and management of property.

UoB – University of Bath. 

UWE – University of the West of England, Bristol.

VR – Virtual Reality is the process of creating an interactive computer-generated experience.
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[bookmark: _GoBack]This research study seeks to determine the hypothesis that BIM-Integrated FM is a concept that is capable of driving a partnership for delivery utilising an interpretive and subjectivist mythology approach. The study's context is set by evaluating the accepted satisfaction of affiliation through current and contemporary research parameters whilst also examining the more modern learning on BIM-integrated FM and the association and other interest it cultivates. A representative sample of views from industry-recognised professionals who employ and practise BIM for FM within           their organisational operations was drawn upon as an integral part of this thesis. The studies support a specifically developed set of open-ended questions in a structured email format combined with semi-structured interviews issued to sector practitioners. The qualitative information provided valuable insight allowing the author to conduct further evaluation and cross-examination against the literature research studies. 

The study offered an appreciable opportunity to explore the relationships with BIM-integrated FM sector collaboration through the sector practitioners self-guided opinions. It evidenced comparable benefits for unifying BIM-integrated FM with their real-time knowledge and experience. Through a series of questions, the sector practitioners provided their thoughts and opinions about how they interpret BIM-integrated FM operating within their organisations, and how they perceive it was working in reality from a sector perspective. The resultant findings determined a universal comprehension for BIM-integrated FM application in the context of the existing built environment. The responses received from the recipients revealed they were inclined to share similar philosophies and a need for an industry best practice approach to the broader audience.  

The findings suggested industry-wide misconceptions and cultural imbalances still prevail today, even though the individual advantages of stakeholder's engagement and future business continuity seem to be regarded highly. However, the overall cultural disparity remains an industry challenge due to the excessive short-term costs generated during the day-to-day operations and refurbishment strategies to receive any long-term savings and viable benefits associated with a BIM-integrated FM sector realisation. Conclusions established the veritable benefits afforded to a BIM-integrated FM affiliation based upon that most recipients were embracing best practice principles within their organisation's approaches.
viii


[bookmark: _Toc68596136]Chapter 1 – Introduction

[bookmark: _Toc68596137]1.1 Background 

Whether newly designed and built or existing built environments, it has never been more apparent that our building assets are predominantly the most significant expenditure an organisation will finance through its whole life cycle (WLC), and generally constitute some of the highest operating expenses in contrast to staff pay (Pinedo and Walter, 2013). The value of sustaining our existing built environment sustainably and efficiently to optimise asset WLC and investment return could not be more evident. The operational and maintenance phases account for around 60-85% of buildings WLC, with a design and construction phase estimated as only about 5-10% (Lewis et al., 2010). Studies suggest that BIM can reduce asset WLC costs through a more systematic real-time modelling approach to supporting the operation and maintenance processes (Kassem et al., 2015). However, in practice, Building Information Modelling (BIM) adoption within various organisation estate Facilities Management FM is still portraying limitations concerning stakeholder engagement. The predominant cultural challenges even indicate a natural hesitance to endorsing BIM-integrated FM technology applications (Becerik-Gerber et al., 2012).

Research into BIM implies a superior level of recognition within the design and construction sectors instead of the existing built environments. This appreciation within the design and construction sector is augmented by the UK Government’s 2016 mandate involving all UK public sectors new build projects and ongoing commitment for a digital Britain (HM Government, 2015). The use of BIM within the design and construction industry is evident and noticeably accredited as one of the most significant technological advancements adopted by the industry in recent years (Heaton, 2019). 

This study will consider industry misapprehensions associated with BIM, interoperability of FM software platforms and cultural attitudes in the HE sectors and future adoption. Industry misconceptions surrounding BIM can often be interpreted as generally being associated with preselected components that limit their use in reality (Aish & Bandella, 2017, p. 65-73). 

During this study, the respondents to a questionnaire survey offered similar conclusions regarding the BIM software applications we know and use today. Further misconceptions classify BIM as just a 3D model generally associated with new design and build applications, mainly benefiting Architecture Engineering and Construction (AEC) and tier 1 main contractor. Another is about the cost and commercial viability of BIM implementation, staff education and training impacts within organisations. It maybe BIM is deemed as too complicated for many organisation or FM's stakeholder engagement or commitment levels, and many organisations wonder what the tangible benefits gain is by adopting.  BIM adoption and its implementation into operation and maintenance fields are still somewhat disconnected from an organisation's estates FM perspective. There are continued conflicts with getting any form of traction with embedding a BIM-integrated FM concept within current asset management approaches (Heaton, 2019). 





This dissertation contributes to the ongoing debate by evaluating recent research literature on BIM and its utilisation. This research will also endeavour to broaden the understanding by engaging with selected industry-recognised professionals, seeking their individual and organisation viewpoints. It intends to highlight any associated misconceptions or how they interpret industry attitudes to BIM-integrated FM. Such empirical research will support the authors' desire to initiate a more in-depth comprehension of the critical impacts that a BIM-integrated approach could have in FM. The study will follow a line of enquiry that is both reflective and harmonising towards the central hypothesis, key questions and objectives of the dissertation whilst trying to demonstrate potential benefits and limitations in the context of Higher Education (HE) settings.

[bookmark: _Toc68596138]1.2 Research Aims

To evaluate the perceived misconceptions involved in moving operational management of the built environment sector towards BIM integrated FM. The research aims to draw upon contemporary research in pursuing a greater comprehension of fundamental attributes relating to digitally-driven sectors from existing FM and BIM practitioners.

[bookmark: _Toc68596139]1.3 Research Objectives

Investigate the potential benefits of BIM-integrated FM, giving due consideration to the selected participants' perceived industry misconceptions and challenges associated with organisational cultural disparities.

Identify and examine the multifaceted interoperability factors associated with a digitally enabled BIM and integrated facilities management process for the existing built environment. The study will incorporate a university setting as a benchmark case study, complete with industry recognised practitioner opinions.

Identify, examine, and challenge standardised frameworks to capture and integrate existing asset data information into the digital era, considering that not everyone has the same approach to asset managing estates. 

Identify and examine future opportunities for the University of West of England (UWE) to use big data analytics and intelligent digital data innovations in their FM Practice. This research's intention could provide an evaluated overview of the benefits and limitations that may allow for making a business case towards becoming a smart city. 

[bookmark: _Toc68596140]1.4 Research Questions

What are the challenges associated with BIM-integrated FM? 

Is the FM industry embracing technology integration such as BIM and using it to advantage in current FM asset management practices within an existing estate?

What are the perceived sector-related impressions of BIM integrated FM and the potential benefits afforded with existing asset management approaches?

Is BIM, standardised, interoperable software and technology the future of whole life cycle asset management within an ageing estate?

[bookmark: _Toc68596141]1.5 Research Methods profile overview

The author proposes a BIM-integrated FM study using a qualitative method to examine current industry impediments that influence the existing built environment. Following an eclectic fact-finding process, the essential focus is on the valued input of respected peers and industry professionals in this specialisation field. The study will demonstrate and draw upon current industry related perspectives and highlight future aspirations for potential BIM-integrated FM considering cultural impacts, tangible value and apparent limitations. Selected professionals from the industry participated in interviews on Microsoft Teams through a semi-structured approach, with some recipients preferring to respond directly to emailed questions. 

[bookmark: _Toc68596142]1.6 Principles of this research 

The study enabled the author to have the freedom to investigate why the current FM sector is still perceived to be trailing behind digital implementation in practice instead of utilising BIM-integrated FM techniques within their current organisational management approaches. Case study research is currently limited in the course of BIM-integrated applications in the existing built environment. The author's desire concerning the study is;

To interpret and complement industry best practice.
 
To support the digital advancement of BIM-integrated FM.
 
To ascertain if it is a feasible strategy to be adopted by the industry for the existing built environment. 

It will also consider other critical elements required to enable realism for BIM-integrated FM in practice.

[bookmark: _Toc68596143]1.7 Research structure 

Chapter 1 – Introduction: presents a framework and agenda for this qualitative research study. 

Chapter 2 – Literature Review: allows a critical assessment that explores and evaluates the recent case study literature for BIM and FM in the context of HE.

Chapter 3 – Research Methodology: explains the critical structure of the aims and objectives relating to the study enabling the author to conduct a strategic framework towards empirical research.

Chapter 4 – Research Findings and Discussion: presents an analysis of salient points gathered from the questions and interview process conducted with highly regarded sector professionals in the field of BIM and FM. Demonstrate critical assessments that amalgamate the findings by adopting qualitative analysis software and triangulation methods to interpret literature and interview case studies. 

Chapter 5 – Conclusions and Future Recommendations: contributes to delivering a comprehensive summary complemented by the research and recommendations to peers in the field and for any future studies.

Appendix A: Open-ended email questions issued during the study.

Appendix B: Sample responses received from the emailed recipients.

Appendix C: Sample interview transcript.

Appendix D: Quirkos (software) qualitative information supporting Chapter 4.

Appendix E: AUE Published Survey results for Computer Maintenance Management Systems (CMMS) and Computer-Aided Facilities Management (CAFM) systems, supplies for HE sectors.

Appendix F: BIM Technologies, Twinview case study field test at UWE Glenside Campus. 

Appendix G: “Benefits of BIM in FM case study”, Manchester City Council (MCC), courtesy of UoB.
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[bookmark: _Toc66966051][bookmark: _Toc68596145]2.1 Introduction

A persuasive literature review permits the scholar to distinguish others' work with a display of comprehension and depth of knowledge pertinent to the research key aims and objectives, cultivating a detailed understanding, concluding with a valid contribution back into the respective sectors (Ridley, 2012, pp.2-3) (Hart, 1998, p.13). This literature review focuses on gathering a further understanding of the theoretical relationship of BIM integrated FM practices. It will evaluate and convey opinions and ascertain if practicalities exist within university sectors from evolving and delivering strategic and digitally driven operational management approaches related to their existing built environments.

This Literature review examines misapprehensions surrounding the digital integration of BIM in FM for the existing built environment, primarily affecting the university sector. It will consider the interoperability of software platforms, which by design have been considered supportive of this process. A primary aim will be to investigate any contrived obstacles preventing the positive accomplishment of BIM integrated FM, giving a synopsis of some industry-relevant professional opinions, current standards and guidance available at the time of research.   
 
The literature review study will focus and rationally explore potential benefits and limitations of a BIM integrated FM concepts considering contemporary research, leading expert interpretations including essential individual experiences aligned with research objectives one and two detailed below. 

Investigate the potential benefits of BIM-integrated FM, giving due consideration to the selected participants' perceived misconceptions and cultural impacts.

Identify and examine the multifaceted interoperability factors associated with a digitally enabled BIM and integrated facilities management process for the existing built environment. The study will incorporate a university setting as a benchmark case study complete with industry recognised practitioner opinions. 

Identify, examine and challenge standardised frameworks to capture and integrate existing asset data information into the digital era. Giving consideration the fact that not everyone has the same approach to asset managing estates 

Identify and examine future opportunities to the UWE in the form of recommendations in considering big data analytics and intelligent data innovations that provide an evaluated overview of the benefits and limitations that may allow for making a business case towards becoming a smart city. 

The aim will be to capture the third objective through contemporary and empirical research, data gathering methods and exploration. In contrast, the fourth and final objective is the result of objective one, two and three. Investigating the above key objective areas through a literature study will significantly contribute to the complete research. Any acknowledged influences urging the university sector to participate in more realistic digitalised BIM integrated FM approaches will continually be under review during the study. 
Benefits and limitations such as cultural attitudes preventing financial contribution within the sector to drive a digital methodology that acknowledges the existing built environment will also be given due consideration and evaluated accordingly within the study's time constraints. The review's strategic elements will investigate and identify software advancements that potentially provide a stimulus for supporting FM practices within the existing built environment. Notably, current standards, codes of good practice and guidance that technically aim to facilitate a co-ordinated BIM and FM integration within the existing built environment have assessed in terms of their relevance to this study. The main advantage of establishing meaningful information from the literature review study will facilitate further structured debate, intended at developing a more acute understanding of how the existing built environment can incorporate and evolve with digital technology as its future.

Disparities in empirical research will provide a reasonable opportunity to investigate further a credible assessment of the current situation to substantiate results with case study evaluation. Where academic research, industry reports, white papers, books, and articles have been reviewed and referenced, the author has undertaken a considerable attempt to guarantee all research evaluations and reflective commentary were accurate and current at the time of completion. All included research subjected to a monitoring process for amendments within the timeframes awarded to this work and updated accordingly reflecting any opinion change. 

In concluding the study of literature, through a gradual demonstration of inquiry, the study will invoke a natural development of comprehension, representing critical challenges associated with digitalising approaches to BIM integrated FM within the university complex's existing built environment. 

[bookmark: _Toc66966052][bookmark: _Toc67215899][bookmark: _Toc68596146]2.1.1 Background: BIM in FM 

As part of this review, research was not constrained to just public sector environments such as the higher education sector, but gave due consideration to private sector applications as well. UK Government’s construction strategy mandate (HM Government, 2016) reported a growth pattern in applying BIM concerning design and construction sectors, but with not much perspective shown for the existing built environments. 

Preliminary investigation has highlighted some benefits associated with BIM, although there remains limited reported benefits supporting a BIM integrated FM philosophy concerning the existing occupied built environment (Gurvich et al., 2017).
Gurvich et al. (2017) insinuate in their research that challenges remain prevalent in BIM integrated FM adoption from both an individual and organisational perspective. 

Supplementary investigation gathered from industry sources implies this may be the case due to an industry-wide culture and perceptions. However, a lack of credible case study verification exposes the common difficulties surrounding the need to engage critical stakeholders. This research deliberates on appetites for training and development, and the fear around an overdependence on technology that some industry opinions imply remains in its infancy.  Insufficient resources and other external influences with existing FM practitioners may be another critical factor for further limitation to adoption.



Ashworth et al. (2019) recommended that stakeholder clients potentially have an increased probability of seeing tangible benefits from adopting BIM applications during the design and construction periods by facilitating a collaborative approach to sharing relevant and accurate information. Fundamentally, Ashworth et al., (2019) implies that FM needs to be directly involved throughout the design and construction phases to guarantee that any information capture accumulated during this period is not absent from the process. According to a survey conducted by the BIM task group in 2013, “Early FM involvement represents a critical opportunity for facilities management in the BIM4FM” BSRIA (2013). This is especially prevalent during the handover process allowing for seamless integration of valuable information transfer within client CAFM systems. 

The study established from industry experts' opinions advocates that the process of information transfer transparency could further benefit from a three-tiered or three-stage assessment that evaluates the authenticity, accuracy and usability of the information transfer through to FM and their represented CAFM or IWMS systems. Traditional processes associated with the handover have required management that aligned them to specific procedures or standardised methods. The UK Government soft landings (GSL) was developed to provide transitional support from the design and construction stages through to the operation stages of the built asset therefore, avoiding a represented view from stakeholders and Facilities Managers appreciate the limited value or benefit in some cases Philp et al., (2019). Evaluations made during the study on possible advantages from BIM-integrated FM, suggest the need to enhance all handover processes has become apparent. Information collected using a BIM process throughout a building's lifecycle progression will help aid and facilitate a reduction in costs and or time required to collect and build facilities management systems with the ability to replace and make use of the data.

Further considerations to research imply some legitimacy into BIM processes throughout a building's WLC and acknowledge the benefits of subsequently getting early FM involvement by inviting them to the table during conception design processes. The appreciation of inviting FM participation at an early stage of the design and build process often aligns with soft landing methodologies. These soft-landing practices that are explicitly designed to enable health and safety, operational and maintenance phase's evaluations, seemingly assist in reducing operating and maintenance-related tasks intended to sustain the future management mechanisms advocated by university settings and any future WLC commitments once building or transfer of information concludes. 

Research attained from industry representatives suggested that FM contribution is crucial for information transfer. If information transfer is incomplete, we can expect an impact on the FM's ability to operate and maintain the built environment assets. 

[bookmark: _Toc66966053][bookmark: _Toc67215900][bookmark: _Toc68596147]2.1.2 Architecture, Engineering and Construction (AEC) Environments within BIM and FM

The adoption of BIM within the AEC sector has undoubtedly affected modern-day FM asset management and the WLC integration process, supplementing new design and construction cultures with orchestrated improvements. Becerik-Gerber et al. (2012), in an early study implied BIM usage could incorporate the operational and maintenance elements that support building asset location, collection and space management requirements by enabling real-time data approaches. Hilal et al. (2019) Argue that BIM usage has perhaps surpassed that associated with new design and construction to incorporating operation and maintenance elements. However, further studies imply limited evidence to support this collaborative approach in the context of the existing built environments. Future considerations as to the early input of FM, stakeholder clients and contractors still seem vague on research-related studies and interviews with industry professionals. However, according to Hilal et al. (2019) positive motions from the industry itself as a whole to combine the digital functionality of BIM integrating future FM approaches to WLC management show considerable gains. 

Case study research conducted by Kassem et al. (2015) aimed to explore the benefits and challenges of BIM in FM using the Northumbria University campus. The study concluded that any BIM-related benefits to FM occurred from improvements to paper-based exchange methods that warrant the accuracy of required data and simplify information availability and proficiency in the work order procedures. Hilal et al. (2019), reflected on the case study conducted by Kassem et al. (2015) by identifying a series of challenges and concluded that there were deficiencies in these related paper practices that perhaps validated any tangible benefits of BIM in FM. Kassem et al. (2015) implied that challenges remain prevalent from inadequate understanding associated with application prerequisites that consider the modelling aspects and interoperability concerning BIM and FM integrated technologies and software platforms. Kassem et al. (2015) identified as part of the challenges of BIM in FM the existence of unrelated operational systems to manage the same building and a distinct shortage of BIM skills in the FM field itself. Volk et al. (2014), Study evaluated around one hundred and eighty journals associated with BIM and concluded that there is insufficient research evidence supporting BIM application within the existing built environments. The study by Volk et al. (2014) highlighted the contributory factors into this insufficient research investigation as being related to the exchange of as-built information transfer into recognised BIM assets consideration, to managing undefined information, asset relations within BIM for the existing built environment, whilst also trying to ensure all information kept fully updated and current within BIM itself. 

Yalcinkaya and Singh (2014) Implied that their studies, which evaluated around eighty-seven journals, associated with BIM in FM concluded they had identified substantial value for BIM in FM.  These identified benefits encompassed a computerised approach to WLC whilst considering the operational and maintenance elements aimed explicitly at enhancing project-related costs and time-saving principles by accessing graphical and non-graphical techniques. (Yalcinkaya and Singh, 2014) Established similar challenges associated with the adoption of BIM in FM that offered comparisons to the difficulties identified previously by Volk et al. (2014) and (Kassem et al., 2015). Yalcinkaya and Singh (2014) also identified challenges associated with the interoperability between FM CAFM type software platforms and BIM, citing factors that limited tangible benefits linked to the application of BIM in FM through the initial stages of a project. The study also took into consideration deficiencies related to frameworks set up for data exchange like COBie aimed at deciphering information transfer disputes. Ilter and Ergen (2015), evaluated around twenty-four journals relating to BIM applications connected to building maintenance and refurbishment. Discoveries in this research's main areas concentrated on building survey, as-built for BIM and energy management aspects, to support an integrated information process that considers the interoperability factors for a seamless information transfer. 




Ashworth et al. (2019) study into success factors for FM employer's information requirements (EIR) for BIM concluded initial value could be established from the EIR process when utilised within planning stages to support its development as a client interaction tool, allowing for further understanding towards the client’s interpretations and overall information requirements. Ashworth et al. argued that the importance of this interaction process represented a key stakeholder relationship. Hsieh et al. (2019) further supported this by highlighting factors around BIM maturity in the industry, arguing that there remains an immense requirement to support BIM integrated FM systems' interoperability factors. 

Parn et al. (2017) within their studies demonstrated a distinct lack of research analysis related to BIM for FM in the AEC and FM industry. Their conclusion was a result of them evaluating published research related to current case studies and the development of standards influencing the potential implementation of BIM for FM. Their research discoveries suggested FM-related challenges comprise a need to consider a more long-term strategic focus with unique interoperability integration unification with software solutions that strengthen and enhance a deeper comprehension, supplemented by a level of educational support that breeds ongoing expertise within FM practitioners. They argue that the industry still has a distinct need for further case studies that should aim at observing and reporting current industry best practice applications associated with BIM for FM to understand further and clarify developments in this sector. 

[bookmark: _Toc66966054][bookmark: _Toc67215901][bookmark: _Toc68596148]2.1.3 WLC benefits 

Ashworth et al. (2019) research suggests that the operations cost over a whole life cycle (WLC) of the built asset vary significantly. Academic results of this nature can often draw attention and kindle further debate, as research data can frequently be open to diverse and opinionated interpretations. These types of works or opinions are not necessarily retrospective of the industry as a whole and often merely a reflection, although they can be considered more valid if the researchers' own involvement or experience in the field itself are reported. 




















Eastman et al. (2018) estimate operational costs to be approximately 57.5%, whereas Broadbent (2018) places this to be in the region of 75%. Mietineu et al. (2018) implies a higher WLC at around 85%.  Ashworth et al. (2019) argue that it is commonly an agreed understanding in the industry from researched sources that the operational and maintenance period costs associated with WLC are considerably larger than costs incurred within the design and construction periods.
[image: Image result for life cycle in construction]
[bookmark: _Toc66966055][bookmark: _Toc68596207]Figure 1: Illustrates a representation of Life Cycle in Construction (Courtesy of Bionova LCA).

According to (Lewis et al., 2010), the operational and maintenance elements account for around sixty to eighty per cent of a building WLC, with design and construction elements accounting for approximately five to ten per cent.  In a similar context (Teicholz, 2004), the total costs associated with ownership is spent on design and construction with any remaining percentage expenditure left to compensate operational and maintenance WLC phases. According to research, BIM best describes a co-ordinated integrated digital process, providing reliable, shareable data throughout all project phases from initial conceptual design stages to construction, and onto WLC including operation and maintenance (Kelly BIMPlus, 2018).

The role associated with FM seems to be currently developing, but essentially depends on the organisation's requirements. Due to the current Covid-19 pandemic, it has perhaps highlighted that digital applications such as BIM play a pivotal role in supporting and co-ordinating FM practices, demonstrating benefits to organisations. The dynamic complexity of the existing built environment seems to vary, making FM practitioners reactive by nature. They need to be more astute by embracing technology to support long term strategic outputs for managing the existing built environments. 






[bookmark: _Toc66966056][bookmark: _Toc67215902][bookmark: _Toc68596149]2.1.4 The capacity of BIM to support FM 

Kramer and Besenyoi (2018) debate the proposition that BIM can support building information, reducing both time and essential expenditure to assemble and build FM systems. Gerber et al. (2011) study describes the usability of BIM as the 'single source of truth’ by using BIM-FM interoperability software. Stowe et al. (2014) advocate a need for information capture, storage and accessibility as a critical aspect to FM whole life cycle costs (WLC). However, BIM investment and stakeholder appreciation for systems that employ BIM will potentially exceed budget expenditure in the short term, although it suggests that long-term costs will reduce throughout the life of the built asset. 
 
[bookmark: _Toc66966057][bookmark: _Toc67215903][bookmark: _Toc68596150]2.2 Industry Evolution of FM 

Current professional office environment estimated to have started around the 1970s, with the industry experiencing an exponential evolution with a need for the organised office environment. Inevitably, this took on a new meaning for the organisations occupying these spaces. They had to manage their staff and equipment, the office and built environment to maintain their operation.  

Facilities management as an industry concept was technically still in its infancy before it was officially acknowledged in the 1980s under the banner of the International Facility Management Association (IFMA), founded over 40 years ago in the USA. As an association, the IFMA has grown considerably, building up a membership of 24,000 strong as of 2016, all from organisations within the FM sectors from over 100 countries worldwide (IWFM, 2020). The IFMA defines Facilities Management as a “Profession that encompasses multi-disciplines to ensure functionality, comfort, safety and efficiency of the built environment by integrating people, place, process and technology” (IFMA, 2020).

It was in the 1980’s that saw the "Facility Management Institute" adopt a new title ", National Facility Management Association" (NFMA), only to quickly convert into the "International Facility Management Association" (IFMA) through Canadian interest (Roper and Payant, 2014 p.10).   

The UK's equivalent professional body is the "Institute of Workplace and Facilities Management" (IWFM), established 27 years ago in 1993. The IWFM has amassed a membership of around 17,000 industry professionals from over 80 countries worldwide. The IWFM was formally recognised as the "British Institute of Facilities Management" (BIFM), which was used as a trading name of the IWFM. BIFM rebranded in November 2018 to the IWFM to enable the IWFM to work towards a Chartered body status. 

IWFM (2020) quotes the definition adopted by the International Organisation for Standardisation for facilities management (FM) as the “organisational function which integrates people, place and process within the built environment to improve the quality of life of people and the productivity of the core business.” According to (Roper and Payant, 2014 p.4), FM is classified as a relative newcomer within the private sectors. In public sectors worldwide however, FM is widely used within the business model, and has improved the understanding of the potential benefits it brings to organisations. 

[bookmark: _Toc66966058][bookmark: _Toc67215904][bookmark: _Toc68596151]2.2.1 CAFM, CMMS and IWMS Solutions Synopsis

Current CAFM service provider to the University of The West of England (UWE) define a CAFM system by its nature as an AutoCAD integrated software platform that enables multifaceted metrics to support functions associated with FM (Archibus, 2020). 

Research suggests CAFM systems are essentially a form of asset functioning data and management to enhance the practices of managing the built environment through FM. Investigations into Archibus indicate that it was launched as the first CAFM system around 1985, inevitably becoming recognised as the first system to integrate CAD drawings with FM. While CAFM systems cover a broad range of management activities, different organisations will undoubtedly focus on their key areas depending on the facility's needs (Archibus, 2020).

Archibus (2020) suggests that a critical component of CAFM solution is a visual interface, combining CAD images and organisational floor plans with data and data analysis functionality to provide the end-user with a friendly top-down perspective of assets. This process primarily involves the input of 2D CAD drawings. However, as technology has progressed, the Archibus Integrated Workplace Management System (IWMS) takes this concept further with the input enhancement capability of GIS maps and three-dimensional BIM models. The evolution of CAFM enabled FM integration with AutoCAD allows the users to manage facilities through a graphical interface technology. As with most software platforms, the need to improve and combine increased capacities meant the Archibus CAFM platform needed to evolve into the IWMS solution. Archibus (2020) states that IWMS and CAFM solutions although technically similar are perhaps seen to be at different stages in the evolution of FM, suggesting that the IWMS software platform is more advanced technology aimed at superseding CAFM in the workplace today. 'Think of IWMS as enhanced CAFM.'
[bookmark: _Toc67215905]Appendix E – Illustrates AUE Published Survey Results for CMMS/CAFM Systems, Suppliers for HE Sector.


[bookmark: _Toc66966059]

[bookmark: _Toc68596208]Figure 2: Illustrates Association of University Engineers (AUE) 2018 survey results for CMMS/CAFM Systems, Suppliers for HE Sector.



[bookmark: _Toc66966060][bookmark: _Toc67215906][bookmark: _Toc68596152]2.2.2 Evolution of BIM

BIM emerged during the 1970s with conceptualised computer design systems. These systems have, in essence, become an integral part of the architecture process used today. (Aish, Bredella, 2017, p.65-73) BIM is often perceived by many as a relatively new concept. However, evidence suggests modelling software technologies up to and including the present-day BIM has been embryonic for over fifty years (Silva, 2011). BIM cannot be justifiably accredited to anyone or anywhere specifically. However, research suggests that historically it has experienced recorded use assigned to areas of central and northern Europe, the USA and Japan (Bergen, 2011).

Aish & Bredella (2017, p.65-73) argue that admired researchers, referring to Chuck Eastman (1975), are widely acclaimed and influential in linking the gap between architecture and software. According to them Chuck Eastman’s BDS software and Robert Aish’s (1986) Riyadh University Computer-Aided Production system RUCAPS established themselves as having fundamental impacts towards being early system forerunners associated with the hypothesis of Building Modelling. Recorded renovation of Heathrow’s airport terminal three was the first to use a building modelling software platform under the guise of RUCAPS. However, according to Aish & Bredella, 2017 it was not until Heathrow's airport terminal's completion that it was recognised as a revolutionary technology, five years later. Research also stated that Robert Aish’s (1986) paper ‘Building Modelling: The Key to Integrated Construction CAD’ used terminology accredited with the theory of “Building Modelling”, therefore creating the basis for what we recognise today as Building Information Modelling (BIM). Further research by Aish (1986)  evidenced by (Aish & Bredella, 2017, p.65-73) indicates that GMW computers Ltd and Robert Aish, the developer of RUCAPS, lay claim to it being the ‘Proto-BIM’, a system designed to alleviate limitations often associated with building represented 2D drawings. According to (Eastman et al., 2008), RUCAPS is, in technical terms, the prototype of the BIM we use today.

Supplementary investigation dictates the term BIM first appeared in a paper written by G.A. Van Nederveen and F.P. Tolman (1992), although it did not become the recognised term commonly used today until around 2002.
 
According to (Aish & Bredella, 2017, p.65-73), these innovative software systems were perhaps not without fault and described as building model hypotheses made by other industry-related experts at the time. Research investigations perceive that this misconception aimed explicitly at the notion that a building modelled through preselected components is an unnecessary interpretation. Aish & Bredella (2017, p.65-73) acknowledged how this had an impact on architects' accepted design practises, when it seemingly reversed and invalidated the design rulebook to make the architect consider not just the design, but the elements that will constitute the finished building. This disparity also implies apparent disparagements associated with RUCAPS and other building modelling systems that are still prevalent today and consider building modelling systems limiting. 

Although study investigations describe early BIM formats as not being without fault, any misconceptions were generally associated with preselected components that limited their use in reality. The interoperability pattern and the need for one size fit all solution remain prevalent and debated today. However, further studies suggest it could be considered a benefit to improve BIM integration with other recognised software platforms to co-ordinate the way we receive, use and search for data without the need to navigate large models. 
Demonstrating legitimacy to this argument could pose challenges because larger commercial contractors, private sector organisations or University establishments will already utilise BIM to their full advantage. However, it will leave other smaller establishments and contractors lagging behind the digital curve. 

[bookmark: _Toc66966061][bookmark: _Toc67215907][bookmark: _Toc68596153]2.3 Building Information Model UK 

Research investigations Digital Built Britain HM Government (2015) imply that the actual emergence of BIM into the UK construction industry was during the early twentieth century. HM Government, (2015) describes BIM as a control mechanism to stabilise and prevent the sector from heading into further financial ruin as the UK Government had limited funds to support new infrastructures. It was apparent that new builds were becoming increasingly expensive with delays in completion, becoming another critical factor that ultimately led to stakeholder disappointment. The global financial crisis around 2008 provided a welcome framework of change concerning the construction industry. Public sector organisations had limited funds available to supplement time-consuming, costly and wasteful construction projects. The Construction Excellence (2009) identified some key issues relating to the UK construction industry. The report recommended the sector itself was not under control and essentially becoming very unpredictable, concluding that it is not able to meet agreed project costs and programmes.

Studies imply this was a very troubling time for the construction industry for clients of construction projects and the UK Government. Unfortunately, further research dictates that it still took a few more years before BIM in the UK construction industry become a mandated process initiated by Her Majesties (HM) Government (2016).

In 2011, the Government Construction Strategy mandated using Level two BIM on all public sector projects (HM Government 2016). Researched literature implies that BIM conjures up many thought-provoking processes with a vast proportion of variance in views and opinions from an industry perspective. The definition of BIM alluded to by Mordue (2019) shows an inconsistent approach by many participants, perhaps complicated further because the UK Government adopted the philosophy of a push-pull strategy for BIM adoption in the UK. 

A recent NBS, (2017) survey supports this suggestion stating a third of respondents are not clear on what they needed to do in complying with the HM Government BIM mandate. One of the main reasons for this may be due to a lack of understanding compounded with limited education of these government BIM directives enabling clients to benefit from them (HM Government, 2016).

Further, NBS, (2017) statistical information suggests that just over half of those surveyed agreed that the Government was heading in the right direction with its BIM program, with the industry seeing growth from around 2014. The survey also stated that work still needs to be done with over 65% of the survey results suggesting BIM can benefit the project design element. However, of those surveyed, 72% believe clients will still not fully understand the BIM benefits (NBS, 2017).



[bookmark: _Toc66966062][bookmark: _Toc67215908][bookmark: _Toc68596154]2.3.1 The BIM-level classifications 

There are currently four levels of BIM, scaled 0 to 3, with level 2 categorised by the UK government as the minimum target level for all public sector work (UK government mandate, HM Government, 2016). The document also states that all those involved with the running and operation of existing public sector environments will need specific detailed knowledge and understanding of BIM to continue acknowledging a new digital environment. 

[bookmark: _Toc66966063][bookmark: _Toc67215909][bookmark: _Toc68596155]2.3.2 BIM Level Overview 

BIM Level 0 - Classified as an introductory level CAD used by only a few parties, generally a paper-based method with information transferred as digital or hard copy formats involving 2D CAD (Mordue, 2019).

BIM Level 1 – A more improved hybrid type solution than Level 0 supporting 3D CAD at a concept stage and 2D designing all within the publicly available specification BS 1192 (2013) Parameters. There is some information sharing via a common data environment (CDE) but no evidence that supports other party disciplines who own the information. (Mordue, 2019).

BIM level 2 – Mandated in April 2016, Level 2 is a combined assessment of BIM development, defined by a British standard in a collection of publicly available specifications:  BS1192 and a suite of PAS1192 documents.  These standards are partially superseded by BS ISO 19560-1(2018) and BS ISO 19560-2 (2019) Information management for BIM, classed as a step in the right direction for BIM, allowing all parties to utilise 3D models. Amalgamated model information requires sharing within Change Data Capture (CDC) data formats, providing a distinct advantage to how circulated information can be and discharged to various parties Mordue, (2019).

BIM Level 3 – Often referred to as Open BIM, although according to (Mordue 2019), the UK may be untimely in its approach to BIM level 3, especially as the industry is still contending with BIM level 2. Mordue (2019) argues that BIM level 3 reaching fruition in the next five to ten years as questionable. However, the BIM wedge features the industry's intention to adopt an integrated solution formulated around the open BIM standards. Co-operation between all parties using Industry Foundation Classes (IFC) collective and shared project model accessed allows all parties to access full access Mordue, (2019).



[image: The Bew Richards 'wedge']
[bookmark: _Toc66966064]
[bookmark: _Toc68596209]Figure 3: (Mordue, 2019) Explaining the Levels of BIM.

BIM level 3 will likely involve multiple parties working on the same model across a vast area cloud network or the web.  The result is in all disciplines Architects, Structures and Mechanical Electrical and Plumbing (MEP) working on the same live model.  The Government's overall aim is for all public sector developments to perform at level 3 by 2025 (HM Government, 2015). According to Modue (2019), the Digital Built Britain strategy (2015) conceptualises a more elaborate plan than just BIM itself. 

[bookmark: _Toc66966065][bookmark: _Toc67215910][bookmark: _Toc68596156]2.3.3 Industry Foundation Classes (IFC) synopsis 

Industry Foundation Classes (IFC) – In its simplest form, a software information collection and sharing platform used by many in the public sector to simplify interoperability in the building environment. It allows for information integration between other essential BIM software solutions such as Revit design modelling platforms. 

[bookmark: _Toc66966066][bookmark: _Toc67215911][bookmark: _Toc68596157]2.3.4 Construction Operations Building Information Exchange (COBie) 

Construction Operations Building Information Exchange (COBie) – Like the IFC described above and widely used within the construction industry, building developments, allows for information integration between other essential BIM software solutions such as Revit design modelling platforms. Established in 2006, COBie’s main objective was to embellish the required data information exchanged between FM’s or asset managers throughout the new build design, construction and future facility WLC phases. COBie is classified as an industry foundation IFC data format that integrates direct software exchanges within an excel spreadsheet transfer. Data is generally collected during design and construction phases (East and Brodt, 2007). Current studies gathered from industry professionals imply that Cobie is not without its critics, and this is often associated with data collection inadvertently being duplicated, meaning additional costs to operations and maintenance if not captured and filtered out.  (Yu et al., 2000) research implied a specific need required by FM environments to integrate more robust data information capture tools.

Despite the industry growth of BIM since 2016, mainly within the design, engineering and construction environments, challenges are still highly prevalent from an operational FM viewpoint. 

It is worth noting that in 2016 The Royal Institute of Chartered Surveyors (RICS) were able to provide the world’s first certified BIM training programme. 

Some industry professionals and sector-specific stakeholders argue that BIM integration barriers still need addressing, stating they are perhaps still too complicated. Studies suggest that the current climate, sadly acerbated by COVID-19, predicts limited investment, listing paybacks a barrier and unrealistic BIM4FM Survey BSRIA (2013). 

[bookmark: _Toc66966067][bookmark: _Toc67215912][bookmark: _Toc68596158]2.4 Challenges Representing BIM in FM

The implementation of BIM within the design, planning and construction industry, primarily since the government mandate April 2016 (HM Government, 2016), has grown proportionally as education, awareness and usage have developed. However, the use of BIM solutions within the existing building stock in HE sector is less than its new buildings, as the new buildings only create a tiny proportion of existing building stock. Current estimations suggest that only around 2% of BIM is apportioned to design, with further 13% to new build construction. Leaving the existing built environments requirement for BIM in support of operation and facilities management elements at around 85% Ashworth et al. (2019). Green shoots of growth are now be experienced with the sector starting to see a significant cultural transformation in the acceptance, education, awareness and integration of BIM, especially within the higher education sector. One of the critical challenges facing the higher education industry when looking into how they embrace digital BIM consolidation with facilities management is how they will complete the method of informing the model with as-built drawing information. 

It has been understood that BIM data rights are still a contentious area of debate through copyright protection and other governmental factors. Therefore, another question would be who is accountable for producing and retaining the model through the building's life, as this element in itself still seems exceptionally vague. It is evident from the research evaluations that any form or adoption-related to BIM-integrated FM will undoubtedly need permanent monitoring procedures that capture refurbishments. All reactive modifications allow the model and data to continue being accurate.

The BIM4FM survey (BSRIA, 2013) also supported this by emphasising a challenge around the initial costs of software, but staff training also needs allocating. A further report written and published around 2013 by RICS recommends that the BIM4FM Group look to understand further BIM within professional organisations and in partnership with computer software developers to safeguard the BIM digitalisation within buildings' operation (FM Behind on BIM RICS, 2013). One of the main factors For RICS to recommend the statement above was the survey they conducted with industry professionals that concluded over one-third of facilities management experts were ignorant about BIM ability to support them and their buildings. However, a government poll taken around a similar time and backed by BIM4FM concluded a slightly different viewpoint. They established that around 65% of those experts surveyed were indeed aware of BIM, with a further 62% agreeing BIM itself would support facilities management functions. However, an estimated quarter of experts also suggested they already adopt BIM processes within their building projects. This feedback led the BIM4FM to agree that the facilities management sector are still confused by the capabilities of BIM by thinking it is just a 3D modelling software platform (BIM4FM Survey BSRIA, 2013).


Another critical dynamic to be given consideration is the individuals involved in the BIM-integrated FM processes. Enabling a standard data environment approach with key individuals such as the facilities managers will allow information established to assist with understanding the current operation and lifecycle of existing higher educational buildings. Adopting this type of process inspires strategic thinking processes that further develop over time, reducing the total operating costs. 

According to a 2016 NBS survey, 65% of respondents believe BIM is not sufficiently standardised, yet 22% neither agree nor disagree. Only 13% disagree, possibly caused in part by the array of software solutions currently in the market place. 

[bookmark: _Toc66966068][bookmark: _Toc67215913][bookmark: _Toc68596159]2.4.1 Benefits for BIM Integrated FM in Private and Public Sectors

NBS, (2020) report concluded the adoption of BIM in the UK industry had grown considerably following on from 2011, which showed only 43% of those surveyed not having an awareness of BIM. The NBS states that this appreciation of BIM is comprehensive, with 73% of those surveyed recently using BIM. 

The NBS developed BIM reports as a mechanism to capture and record differences in viewpoints relating to BIM that reflected its application within the UK. The NBS designed its accounts as a reference point for the UK sector, aiming to gauge industry realisation towards BIM, emphasising areas of development need (NBS, 2016). 

[bookmark: _Toc66966069][bookmark: _Toc67215914][bookmark: _Toc68596160]2.4.2 Future of BIM

According to the NBS, the construction industry's future is digital, with BIM being the future of design and facility management longevity. (NBS, 2016)

The UK Governments Construction 2025 fundamentally aims to target lower costs, provide faster delivery, and reduce emissions with more significant improvements noted in the UK's export capability, fulfilling the ambitious plan of placing the UK at the forefront of International construction (HM Government, 2015). The UK Governments Construction Strategy 2011 is a developed framework for a range of work streams, all of which contribute to the 2025 strategy. The UK Governments Construction Strategy 2016 – 2020 also builds upon the strategies laid out in 2011 documentation HM Government (2016).

The UK Governments Construction Strategy 2011 suggest that this framework formed the basis of the Governments BIM hypothesis; “Government as a client can derive significant improvements in cost, value and carbon performance through the use of open sharable asset information." HM Government, (2016). BIM and the recognised digital design and construction are an integral element of the strategy by assisting in increased productivity and collaboration through technology HM Government, (2016). Investigations suggest that most end-users approach BIM by following either PAS, BS1192 or BS EN ISO 19650 series of standards to help support and requirements. 




[bookmark: _Toc66966071][bookmark: _Toc67215916][bookmark: _Toc68596161]2.5 Summary Overview 

Literature research concluded that BIM-integrated FM approaches remains a complex process, highlighted by many conscientious academics and industry professionals alike. It is evident in the study that the industry impediments toward a BIM-integrated FM approach still indicate a bias towards new design and construction even though the substantial percentages of the existing built environment could provide a tangible benefit to organisations. The most critical elements to be considered from the literature research would be recommendations on the future direction in BIM integrated FM adoption, which needs to form a basis upon industry best practice with shared research and results to the broader audience.

To conclude, a more profound understanding of how the public and private sectors are rising to the challenge of BIM integrated FM, a traditional approach towards empirical research of a contemporary nature to be conducted. The investigation's specifics will endeavour to determine how the industries respondents are developing strategies for building a more encompassing and usable model that supports all facets of their estate. It will also aim to further understand the recipient's future aspirations to meet objectives in how BIM integrated FM benefits them from a more exhaustive evaluation. The following steps associated with this research will feature the research methodology development processes to summarise the practical research strategy approaches adopted from information collection techniques and management of the researcher's role. 


























[bookmark: _Toc68596162]Chapter 3 – Research methodology 

[bookmark: _Toc66035593][bookmark: _Toc68596163]3.1 Introduction 

The research methodology will focus on meeting the objective aims and questions posed within previous chapters to demonstrate a more concise understanding of 
BIM-integrated FM practices within the existing built environment. 

The author aspires to expose potential barriers to implementing BIM for the facilities management of HE and existing built environments. The study aims to follow a qualitative thematic approach whilst simultaneously examining salient factors raised within chapters 2, 3 and 4 in thorough detail, considering best industry practice supported by research literature and professional qualitative viewpoints.

The study is established upon the precept that there is an unbiased nature in the sector based upon best practice principles, knowledge and experience of the individuals without prejudice. Theoretical and practical comprehension by way of description is limited and compelled by personal opinions and experiences. The study focuses on a unique opportunity to acquire practicable information in a present-day format, aiming to explore existing limitations to discover possibilities for facilitation within existing built environments.

[bookmark: _Toc67215915][bookmark: _Toc68596164]3.2 A Practical Application for BIM in Higher Education FM

To seek other professional opinions and practicable applications in integrating BIM within the higher education sector contact was, established with a UWE representative. This opportunity allowed consideration and perspective from a University environment as a case study methodology. 

The UWE representative describes the projects and challenges they have brought to the UWE concerning BIM. The UWE's implied challenges were concerning their new build projects and the '3D Modelled Buildings'. The difficulty was how they could prevent contractors from sending those models lacking information. In discussing this a little further, the UWE described the faculty of business and law as one of the buildings used as an academic environment. The other was their new student accommodation (Walls Court Park 2). Through this communication, both buildings had their own set of issues, which mainly surrounded the information level. For example, WCP 2 handed over to the UWE with six separate models, with the mechanical and electrical and asset information missing. In contrast, the FBL building had far better detail handed over to the UWE, including complete mechanical and electrical and asset-rich information. 

These experiences and lack of information regarding the new build have had a positive impact on the UWE. They have completed a significant review of its processes concerning BIM. Their decision to invest and develop techniques has been a positive step in the HE sectors and has helped understand how the UWE can use BIM data and manage BIM within the existing estate. From an FM perspective, the UWE's current CAFM system concerning their day-to-day operation and maintenance has left representatives that control these software platforms in some respect at odds. The UWE CAFM system has already, developed to support UWE and invested in all staff and contractors trained in its usage. 
However, this now presents the major challenge that the UWE BIM team wishes to invest in and further develop BIMFM by using another software platform. Unfortunately, this system does not currently interface with the current UWE CAFM system so that no data sharing can occur, meaning they operate as two completely separate systems. Currently, the UWE has met the Government targets set out in May 2011 for 'collaborative 3D BIM' with all project and asset information, documentation, and electronic data by 2016. The UWE aims to continue complying with this process and work towards BIM level 3 maturity.

[bookmark: _Toc66035594][bookmark: _Toc68596165]3.3 literature research summary 

Preliminary research engaged the methodical inquiry of industry-related documentation entailing a review of white papers, survey reports, governing body publications, journals, internet searches, webinar training, government websites, and British standards to support current quantifiable themes in the context of BIM-integrated FM sector applications. 

The author considered case study investigations relating to the feasibility of BIM integrated FM operations within existing built environments and experiences to ascertain the feasibility
Alternatively, if it is theoretically transferable to BIM-integrated FM operations. 

These theories have conducted investigations that correspond to interpretations, findings, limitations which by recommendations in later study dialogue. The provenance of the primary research itself is positive reflection and success in terms of measures that have encapsulated current industry drivers, trends and realistic opinions debated within this study. 

The authors of primary research regarding original evidence support the justification of findings. Evidence acquired from primary research inspired the author to seek sector practitioners and specialists' responses via open-ended email questions and semi-structured informal interviews reflecting on literature analysis and the studies hypothesis, key objectives, and questions. 

[bookmark: _Toc66035595][bookmark: _Toc68596166]3.4 Research Framework 

Justification and validation noted from the respondent's responses to semi-structured interviews and emails with open-ended questions informed the study aims and objectives. Respondents' organisational experience and knowledge of BIM-integrated FM provided the author with their objective opinions. The methodology model comprises a respected group of industry professionals located across many roles and organisations required to enhance existing digital capacities through strategic visions and further develop BIM-integrated FM strategies. 

BIM Groups
BIM Consultancies
Production of 3D model Geometry (Scan to BIM)
Product suppliers (Software Vendors)
Academics
Estates (Private and Public sectors)



The questionnaire was considered an appropriate technique to accumulate and draw out specific responses from the twelve respondents. The questions designed aimed to establish current and truthful responses while making it as far-reaching to sector professional as practical under the constraints of a pandemic and with limited administration and information gathering timeframes adding complexity to the study. For example, the author's attendance would have made for face-to-face contact at annual events organised by industry governing bodies and site visits to see BIM integration applications within FM practices.

The study's motivation was to comprehend further how other organisations and counterparts perceive, understand and use BIM functionality within their related roles and organisations whilst also seeking comment about how they feel about its adoption on the broader field. It seeks to understand further industry misconceptions that have perhaps resulted in or influenced by cultural stances and how they tackle this aspect.

Email questions issued to twenty-four industry professionals formulated and driven by the study objectives and hypothesis informed study analysis. The findings of the questions and associated interview analysis present in the format of a qualitative. 

[bookmark: _Toc66035596][bookmark: _Toc68596167]3.4 .1. Qualitative approach

According to Patton (2012), numerous guidance supports qualitative, mixed methods or quantitative studies. Although conducted through a progressive and often flexible nature asserted by qualitative investigations, the researcher can discover subject-related information, results, and the ability to transpose then into unique findings. Qualitative methods encourage the researcher to identify critical themes or patterns associated with their research data collection. However, there is no specific technique or rules for qualitative research. The study usually follows and interprets traditional approaches employing a structure coding philosophy to gather and describe themes and patterns associated with data collection (Saldana, 2015, pg. 297). 

The circulation of open-ended email format questions combined with semi-structured interviews prompted a mainly positive response from the twenty-four industry sector professionals. Overall, the study received thirteen responses broken down into six email returns to questions, six interviews through MS Teams or Google meet. One declined to comment, and eleven classified as nonreturned or incomplete responses.   

[bookmark: _Toc66035598][bookmark: _Toc68596168]3.5 Ethical consideration for research 

To address this thesis study's nature and scope, the author needed to involve sector-related and willing participants. Therefore, ethical considerations (Oliver, 2010) (Kara, 2018) aligned with the University of Wales Trinity Saint David's current ethical policies and procedures.

Research study participants appraised of the parameters and any obligations befitted on them with the opportunity and right to withdraw at any stage of the process. All governing rules associated with the UWTSD have been applied throughout the research process and are conducive to attaining complete confidentiality in protecting the participants' rights anonymity that fall under the General Data Protection Regulations (GDPR, 2018).
[bookmark: _Toc68596169]Chapter 4 – Findings

[bookmark: _Toc68596170]4.1 Introduction 

The author adopted an initial exploratory approach to asking emailed respondents questions aligned to the studies key aims, objectives and questions. The question preference implemented was an open-ended format allowing the respondents to voice their views and opinions in a contextual sense relating to how they fundamentally perceive and utilise BIM structures within their organisation and an FM application. Following initial evaluations and feedback from recipients towards a lesson learnt perspective associated with the formatted email questionnaire, the author re-evaluated the approach to a semi-structured questioning of interviewees in the subsequent stages. This process aimed to question the interviewees in a more succinct and structured manner evoking a natural discussion during the interview stage Biggam, (2018).    

This chapter provides a sample of key industry professionals' findings utilising BIM and FM applications within their organisation. The data represents an increasing number of responses about keywords or topics that reflect their own perspective opinions and valued responses to BIM-integrated FM questions that have embraced in a previous chapter.  The keywords and topics were drawn out from the respondents through the interview or email correspondence and aligned with the study's main aims, objectives, and questions.  This chapter will present pertinent information in the discussion phase to demonstrate how the industry professionals' findings compare and contrast within the literature review. 

[bookmark: _Toc68596171]4.2 Email derived open-ended Questions and responses  

(Q01) "Recipients are asked if they are utilising or are embracing BIM applications for existing estate management philosophies.”

Generally, recipients responded to this question positively and clearly defined them utilising BIM to manage asset information linked to the models; however, different processes still required some recipients to map their asset into another format accepted by their CAFM systems.

(Q02/3) “Recipients are asked if regard implementation of BIM in the FM sector has had any positive changes within the industry? Secondly, whether more recent case studies are available that show tangible benefits related to BIM integrated FM for existing builds rather than just headlining new builds?”

The author established that this question evoked a different set of responses, with some recipients suggesting that although the industry is taking gradual steps towards adopting BIM processes for the existing estate, they see a positive change to the implementation of BIM in the FM sector in the whole. A small percentage of the recipients also states that as the industry continues to adapt BIM slowly, they consider that maybe due to many organisations wanting or needing to keep on doing what they have always been doing. In contrast, a minority of organisations will try to embrace this process and will endeavour to embrace a positive change.  

Others alluded to a focus on the recently moved deadline for net-zero buildings from 2050 to 2030, which they are hopeful will encourage a more motivated approach from organisations and local councils adopting BIM within their existing estates and FM practices. Another response to this question implied that industry change comes from different directions, stating that the industry desires to connect and modernise the existing built environment to realise the benefits of 21st-century technology. One respondent argues that the building technology sector is adopting methods associated with the implementation and use of the Internet of Things (IoT) and sensor data linked to models to provide perspective and human-understandable scenarios related to how their buildings assets perform. In essence, BIM has demonstrated tangible benefits for the new design and build, but currently, there is no real industry incentive to procure BIM-integrated FM for an existing built environment.

(Q04) “The UWE's procurement of its term contractor is for periods of approximately five years. Do you see this as an obstacle, perhaps for BIM integrated FM?”

Many of the responses to this question implied contractor procurement associated with their organisation made up either an in-house, outsourced or combination of both. Further commentary suggested that they did not foresee this as an obstacle to BIM-integrated FM implementation as long as it can become mandated in using BIM within an organisational approach. These draft procedures enable the dissemination, supported and followed by all internal and external contractors. 

(Q05/6) “Do you think as an industry we are experiencing a struggle with the cultural approaches to adopting new processes and technologies in our FM operations area? Is this a key challenge for BIM experts, or do you see FM sectors as notoriously challenging to take up or try new technologies unless proven benefits?” 

The dominant response to this question was an emphatic “yes” from many of the respondents, with some stating trying to manage people’s expectations and simplifying BIM as a supporting working technology process is a fundamental element for improving its adoption. Others argued they did not see this to be an FM sector-specific problem as the adoption of any new processes is a challenge in all areas, implying it is perhaps typical and a consequence of not exploring the people side of things, with BIM experts also currently still experiencing challenges in the design and construction stages. Another critical point raised by the respondents alluded to industry’s cultural struggles perhaps being compounded by a distinct lack of joined-up direction towards implementing BIM and FM, as BIM is not that well understood, and many organisations have no desire to recognise or indeed use it. 

(Q07) “Is there a concern from your expert perspective with the interoperability of BIM technologies and current CAFM systems?” 

The universal consensus to respondents answering this question was mainly in agreement, stating they did see the sector experiencing interoperability related concerns associated with BIM and CAFM platforms, with one recipient citing the foremost being that current CAFM system’s reliance on linear data structures that are very restrictive and difficult to manage. Another respondent indicated their CAFM system constraints mean they need to export data into Excel for re-import rather than having a two-way synchronising process. Again, this concern is a reiteration of this rated by another respondent that argues CAFM systems need to develop quickly. 
To accept BIM models and Construction Operations Building Information Exchange (COBie) standard files, they have to export Computer-Aided Design (CAD) drawings from the BIM models and asset spreadsheets to import them into their CAFM software very time-consuming process. Additional respondent comments insinuate there are limited CAFM solutions in the market that are ready for BIM integration, further suggesting that in many cases, any form of integration may rely on custom-built solutions that seamlessly provide connections between CAFM, Asset Information Model (AIM) and Common Data Environments (CDE). An academic respondent's response suggested no significant concerns, as the use of programming and visual programming can resolve interoperability issues. Standards, guidance and local organisation process and procedures EIRs, OIRs, CDEs again reflective of new build handover stages and ongoing WLC commitments but from the authors perspective and what the research intended to demonstrate is where are we with the mechanisms that link our existing built environment into a digital application.

(Q08/9) “Is there or do you think there could be a standardised approach or framework for BIM integrated FM strategies in the future, and will it be mandatory like with new builds, design and construction? Specification that defines information and processes required to capture all existing building data and lifecycle requirements?”

Many respondents agreed with these questions, stating a standardised approach that is government-backed and legislated to provide tangible benefits to the industry. However, a respondent who is not opposed to mandatory processes believes that any form of standardisation is limited in scope by using a standard classification system that benefits FM's, but states standardisation is impossible for everything as many organisations operate in different fields using different technology. Many recipients have indicated they all use their standard approaches that reflect their organisations' needs and or requirements but agree that benefits from having a common standard shared across the industry may be beneficial. In the author's opinion, this response reflects the need to develop long-term industry aspiration towards following a national digital twin concept in conjunction with the Centre for Digital Britain (CDBB). To the authors' knowledge and research exploration into this topic, there is nothing in place that stands out or defines a framework process that initiates future-proofing of our existing built environments or captures and measures the real-life operation complexities associated with the management of these highly diverse estates. Considerations for these environments' rationalisation, especially from a Covid-19 perspective, may alter mind-sets into how we manage, operate, staff, and maintain these buildings. Further consideration should apply to more sustained and efficient processes. Many organisations will undoubtedly have vast amounts of staff working remotely but still have a financial obligation to maintain buildings to a safe and compliant standard while also committing to decarbonisation net zero emissions targets by 2030.

(Q10) "If BIM integrated FM was an emerging field back in 2014/15, what is its status now?” 

Responses indicate that BIM in FM remains a developing field with some suggestions for at least another decade. However, it still seems impeded by a lack of real impetus, incentive, or agenda for organisations to embrace the motion fully.  



(Q11) "Further to the contemporary research I have sourced and read through, it seems that BIM is still better understood when it comes to design and construction, meaning that the value for BIM integrated FM is still yet to be demonstrated?” 

The majority of respondents agreed, with some implying that part of FM's problem is they are less used to having professionals dedicated to drawing (or now 3D modelling) within their organisation.  If a model is helpful to an organisation beyond handover, then the model's maintenance is required as buildings are changed and updated over time. Academic colleagues disagreed with this question describing hard FM as physical structures like mechanical heating, plumbing, fire safety systems, lighting and electrical and air conditioning associated with design and construction. The value demonstrated is the same, but describing soft FM elements managed by people, landscaping, office decorating, cleaning and security suggest there is still much to explore as live data associated with supporting soft FM is challenging to acquire. They also hint that as we learn and develop more understanding towards innovative concepts such as IoT, Internet of Behaviour IoB and edging technologies to support the industry, it will become easier to collect live data that supports BIM-FM adoption. Additional responses allude that we now build up a growing supply of BIM models that enable innovation in the next piece of the puzzle, which is FM.

[bookmark: _Toc68596172]4.3 Semi-structured Interview findings 

[bookmark: _Toc68596173]4.3.1 Introduction

Due to the exploratory framework affiliated with this study, the author also completed a series of semi-structured interviews with selected participants to allow for a more open and realistic response aimed at inciting more profound expert views and opinions for BIM-integrated FM in the context of the existing built environment in the HE sectors. The author asked the interviewees a series of questions with similarities to those conducted in the emailed questions but generally addressed the main obstacles to implementing BIM-integrated FM. 

[bookmark: _Toc68596174]4.4 Interview findings

Interviewees universally acknowledged the use of BIM to support the organisational requirements, with some implying that throughout their careers, they have also seen many changes that have helped formulate a detailed comprehension of the challenges not just within their environments but faced in the industry as a whole. The interview results established many similarities with the emailed question responses and also available literature. However, they did not evidence any real concerns relating to industry misconceptions of BIM in FM, apart from perhaps buy-in from stakeholder client still being minimal in reality. The interviews established that most of the respondents working in an FM specific role have previous design experience with 'Revit' and 'CAD' and therefore have a clear understanding or invested interests in digital technologies such as BIM supporting the organisational role. Many organisation interviewees suggested they employ three-dimensional tools that support a graphical representation such as BIM, established that benefits have come through new constructions programmes. Despite that, significant challenges still prevail in the industry regarding the existing built environment because of stakeholder commitment associated with the costs of bringing an existing built environment to a state represented by a new design and build on BIM. 



[bookmark: _Toc68596175]4.4.1 BIM-Integrated FM Industry Realisation or Limitation

A significant refurbishment prompted by a client requirement to house one of the world's most powerful computers in the UK initiated a significant thought provoked process within this particular organisation backed up with a developmental framework designed around digital implantation. By taking advantage of a 3D BIM model, overlaid with information from conducting and applying cloud point laser scanning techniques, surveys and inputting existing O&M information and drawings, the organisation incorporates asset value to this heavy investment process. This particular organisation took the opportunity and advantage associated with a detailed asset verification process to enrich their BIM model capability and drive best practice integration value from their term-contractor. With assets detailed within a model, they also found they could assign standard maintenance specifications outline within service and facilities group SFG20 model of tasks (SFG20 UK, 2021). The respondents from this particular case study reiterated the fact that the collaboration of BIM from their perspective and the process involved with asset verification enabled them as an organisation to fully comprehend what assets from a mechanical, electrical and fabric-related were in place and how they need to maintain and manage their WLC commitments to the assets going forward. One key aspect described by the respondent as the value from this process was that when they came about changing their term contractor support, they provided comprehensive asset data to the tendering process that rescinded the contractor's opportunity to put forward any compensation events through findings assets not recorded. Therefore, this process provided them with a very robust way of estimating their maintenance term contract (MTC) from their stakeholder perspective. They also stated that they were better equipped to identify the assets and space to develop a mature WLC plan.

Another industry organisation interpretation towards WLC excel asset representation suggests it is a powerful tool for FMs. They describe that its representation of data in the form of pivot tables or formats that capture WLC replacement, cost projections and support for budget applications through the use of business cases in a red, amber and green (RAG) rating bias do not take in their experience any consideration into any BIM model support or application. The author highlights another potential limitation with this process in that the capture of any day-to-day reactive asset replacements and associated costs that apply to these elements are often overlooked and not captured. They are as an organisation much like the author and sympathetic to the challenges faced by the industry in reality, aligned to the fact that many existing built environments have been in operation for varying amounts of time and understand assets have expiry by way of life expectancy and often require intervention which includes varying levels of attention at specific times. In the authors' opinion, run to fail cultures and reactive interventions in respect to many organisational life expectancy cases are often too late, leading to premature failure of the asset identified as not having the appropriate service and maintenance regimes supporting correct levels specified by the manufacturer's recommendations.


Different experiences associated with organisation recipients’ stress to the author that term contractors can often fall short on experience and knowledge for many asset-related tasks leaving them as organisational FMs to rely on sub-contractor specialisms. The author appreciates that this may be a subjective viewpoint of this particular organisation but understands this is not perhaps unique and that shortfalls related to term contractor capabilities are an organisation Achilles heel. 
Perhaps considered a casualty of a bidding process from a term contractor to capture a blue-chip contract which includes the prestige of having it and also for them to becoming a profitable business maintenance operation. 

In the author experience working in the HE, sectors comparison can be drawn from the previous statement in that there is often a continual battle with a focus on many different opinions into how asset management completion processes, and in many cases, it is still a contentious topic and one yet to be resolved. An overuse of excel paper-based approaches to WLC and FM practices in the industry within the authors' experience of the HE sector has perhaps hampered an objective and definitive digital integrated approach. If we are not digitally linking asset management processes in real-time, we create risk factors and limitations to updating, managing, and visualising assets, which, along with any key attributes, become more challenging. Although if asset management is done correctly and meant digitally, then in the authors' opinion, it makes a very compelling argument when an FM practitioner can present a business case for future finance and maintenance.

Some respondents suggest that the industry needs a catalyst to help set realistic budgets to meet our existing building stock's future implementation and digital needs. One of the respondents stated the catalyst for them was a water pollution-related incident on one of their existing sites that brought about an enforcement order from the environment agency. This instigated a process of modelling drainage around the site due to a lack of Operation and Maintenance (O&M) documented data giving them the necessary information required. In response, this particular organisation decided to model all of the associated buildings to develop a detailed graphical representation of the site in its entirety, advocating that this modelling process has produced definitive benefits to them as an organisation. Ongoing benefits have included greater stakeholder engagement and financial support that have allowed this particular organisation to keep enriching data scheduling of its assets into the model to support the built environment, end-users and contractors. They have also completed more detailed modelling of all internal fixture, fittings, and furniture, allocating numbers or references that link back to the model, which helps them schedule occupancy and manages the whole environment. The interviewee for this particular organisation stated that no one would regret implementing BIM strategies, but the challenge was initiating the process. This systematic process or described modelling culture is a sensible approach to managing the existing built environment. It depicts a potential best practice case study that in the future could encourage FM practitioners alike to consider warranting this type of process as part of an ongoing organisational commitment to capturing buildings and updating assets into a digital form. 

The results also indicated different BIM management approaches, with some organisations opting for an externalised approach which means they have to set aside or ring-fenced budget to cover this element. Whereas other organisations, specifically in HE or public sector management, BIM is implemented internally through dedicated teams. There are advantages and disadvantages to this management of BIM within any organisational set-up, with further feedback from respondents declaring some disadvantages in communication and any industry incentives to adopt or support funding for BIM in FM and the existing built environment at present. Most of the respondents have started to integrate BIM within their FM practices, and they allude to initial cost outputs that support this process as being excessive, whilst they acknowledge more long-term benefits from BIM-integrated FM applications in often diverse and dynamic estates scattered across the country. 
Other reported benefits include more opportunity for structured condition-based maintenance regimes integrating new technologies such as the IoT to manage assets more efficiently than traditional methods of time-based maintenance practices. 

Contractor procurement methods adopted within the interviewee's organisations suggest the use of outsourced term contractors supplemented by any requirements for specialisms coming from specific external contractors. Although many of the respondent's stated that they did not see any contractor procurement process as an obstacle towards BIM-integrated FM implementation within their organisation. However, recommended procedural support structures for contractors and their asset protection to be given as a benefit. The majority of the respondents declared that this is perhaps still a contentious topic in many organisations.  From their perspective, combined with their current term contractor approaches, any interoperability related concerns associated with BIM and CAFM platforms have been engineered out locally by purchasing and adopting CAFM software that represents the essential requirements of their current organisation needs. Other industry-specific professionals interviewed during this research study imply they are already embracing the technology suggesting its key benefits are the time and money saved with access to digital building information. Although some respondents cite limited CAFM solutions in the marketplace that support BIM integration, it suggests a need for custom-built solutions that seamlessly provide connections between BIM and CAFM systems. 

All of the interviewed respondents agreed with an industry need to mandate processes that support the existing built environment with considerations given to similar attributes established to benefit new construction. A need to evolve, support and continually adapt to an existing and ageing estate is not just a concern for the author but also for the respondents who suggest as an industry, we a good at sharing information with interested parties through the mediums of many channels such as conferences or online webinars but are we reaching the wider audience and making an impact. There are many people out in the industry professing to be experts but are we as an industry falling into a group that's incestuously talking to each other all the time. A particular respondent stated they attended a sector related group meeting where they all took the opportunity to raise the question of how, as professionals do, we widen the message of BIM within FM. The thought process behind the question was that the virtual world and the connected world should not be complicated. The general response given to the respondent was that your presence at the event justifies your question as it is shared with other industry professional operating in the community. The interviewee's impact on the response given is that, in their opinion, these types of events have the same interested attendees, but how can we consider the parts of the sector that are perhaps not as knowledgeable in this area. 

The interviewees' consensus was that they are still seeking to achieve best practice but are struggling to get or identify viable case studies to achieve best practice in the industry and especially those related to the existing built environments as opposed to new builds. In the authors' opinion, this implied that as an industry are, we guilty of inciting obstacles, insecurities or are we disappearing within the relative safety of the organisations we work within whilst waiting to see if others make the first move towards successful progression for sharing best practice innovation techniques for BIM in FM. Could this be an example of an industry-wide silo effect with a very limited or narrow thought process impeding or accepting technology. Whether this is because of sector internalised cultural implications, funding, government interest, knowledge or technology limitations or even the fact that organisation, on the whole, maybe waiting for others to lead with case studies, it is difficult for the author to pinpoint with some degree of accuracy during the constraints associated with research. 

Interviewees overwhelmingly agree that BIM in FM remains a developing field, with some also inclined to suggest that the FM industry remains behind in its approach towards integrating digital technologies and another implying that their FM approach put them ahead. They would like to see industry Facilities Managers or Building Managers driving the digital agenda to benefit in the future.  

[bookmark: _Toc68596176]4.4.2 Smarter building considerations

Further interaction with the organisation in charge of one of the world's most powerful computers suggests they are starting to interact with the concept of more intelligent buildings that report their own faults. They explain to the author that this is partly due to the considerable detail they have gone to in capturing all the assets that have given them the confidence to pursue this innovative building concept and nature and locational constraints associated with their assets. The interviewees suggest that by taking a step-by-step approach to technology using the IoT and cloud-based platforms, they are starting to see benefits afforded to them as an organisation. They describe to the author that they have experience compliance issues on a particular remote site relating to emergency lighting. They state that one of the main reasons behind this innovative building concept for them is that unless they can send a contractor that's been to the site before, the asset becomes very difficult to find and fix. Therefore, having technologies that, in the case of lights that can perform self-tests and include a built-in intelligence to warn of faults whilst bringing on others to maintain a light source is a massive benefit to them as an organisation. They describe that this type of technology enables them to send out an engineer no longer to check lights and take light readings because this type of system is already doing it, saving on physical labour resource and maintenance. 

[bookmark: _Toc68596177]4.5 Construction barriers toward BIM and WLC FM 

Further experience relayed to the author as part of this study was for the respondents to portray further insights into construction-type projects in the delivery stage process, which can be a mix of private or public sectors. The discussion reveals that leading tier-one type contractors working on projects ensure that a BIM model handed to the client on handover. However, unless the client is genuinely pro-active, the contractors create this model as a typical scenario and hand over any related O&M documentation and hand it to a client. There is nothing wrong with this approach, but what if this is the first time the client has seen or been part of this model process and is perhaps not that knowledgeable or pro-active. In reality, how does this help the client if they have had to buy into a model. Research suggests that some clients may have no comprehension in terms of the associated software or the extent of information provided to them in the form of an information model. Respondents describe this as a challenging situation for clients if they don't understand, especially if they have not had any involvement with the process from conception to completion. In the author experience, this demonstrates a high degree and potential for time wasted opportunities and no client value if not involved from the outset. The authors' experience offers similarities that mimicked the traditional O&M delivery process whereby estates or FM representatives were never really involved until perhaps invited for final handover. Quite simply, if we have all this information in a model format and do not understand it or take full advantage of it, then quite literally, it gathers dust.

[bookmark: _Toc68596178]4.6 What is the Government Message within the Industry toward BIM or digital concepts.

Some respondents understandably are inclined to have mixed views when it comes to the government-industry approach or message. A few of the respondents discussed the Centre for Digital Built Britain (CDBB) scenario instigated by the government and managed through Cambridge University; the CDBB is a government-led and funded process working towards a more innovative digital Britain integrating the 'National Digital Twin' concept. The authors understand that for all intense and purpose, the CDBB are a commercial enterprise in their own right, whereas other sector-related groups are often made up or complemented by volunteers. The CDBB by virtual of their work get paid to some extent and can imply they have more time and have a more commercial bias or vested interest, so in some of the respondent's perspective, the CDBB can come across as having a slightly different perspective as other BIM and FM groups. Some recipients suggest that the CDBB is perhaps not that integrated with current BIM groups or FMs industry-wide but seem to manage a 'National Digital Twin' government led/funded concept, so the view of respondents is are political elements involved.

The author finds Interesting the human aspect whereby people want to be the first pioneers of BIM best practice, with some trying hard to collaborate, but is that potentially part of the industry's reason for not embracing it. Is there indeed a commercially secret agenda here or something else going on preventing this process, or is it just about if we let people know how we are doing it, they will copy it, and we are going to keep our edge. Although in the authors' opinion, if we had government saying we want all our buildings modelled in BIM and managed in BIM, a mandated in effect what impact would this have on the industry and if the 2016 Mandate BIM level 2 was associated with construction works in the public sector, what is currently going on in the private sector. 

The authors' opinion on researching the most recent information perhaps describes another missed opportunity within the London Plan Greater London Authority (2021). This particular document, published in March 2021, sets out the opportunity areas within London, setting out a vision of what they want the capitol to look like and develop over the coming years, like a planning document. The document itself is five hundred and fifty-two pages, with no mention of BIM, but it does describe digital connectivity to support more devices. In the authors' opinion, this document tries to describe digital connectivity, but what is meant by this from a government standpoint is what the industry needs. If we refer back to Dame Judith Hackitt report, Hackitt (2018) states a need for the golden thread of information to be captured digitally on developments. The one hundred- and fifty-nine-page report which mentions BIM on twenty-three separate occasions with the word digital being mentioned fifty-nine emphasises a requirement within recommendation section 8.2 for BIM integrated approaches, further stating the government needs to work within the industry and agree what information should be held, recorded or managed digitally. The recommendations section 8.1 state a need to mandate digitally by default. The Governments BIM mandate HM Government (2016) was a significant driver for digital built Britain and asset management through construction stages with BIM support. 

Boris Johnson's Ten-point Green recovery plan (Department for Business, Energy & Industrial Strategy 10 Point Plan, 2020), a thirty-eight-page document that describes the governments' vision to building back better and work towards net-zero decarbonisation programmes, has no mention of BIM or digital implemented concepts to support this strategy. 

The latest Government Draft Building Safety Bill Department for Ministry of Housing, Communities and Local Government, Draft Building Safety Bill, (2020) suggests they have pulled away from BIM use, so is this a lost opportunity. The draft building safely bill is a three hundred- and thirty-three-page document with no mention of BIM, although it suggests a golden thread of information held digitally. If we follow this advice and try to decipher the government strategic plan for digital information, then in the authors' opinion, could we not use SharePoint as that technically a digital platform. If compared with the DJH report, 2018, she stated that we should mandate BIM and, in the governments, the initial response to DJH; yes, this is a good idea but has since moved away from that as this example demonstrates. Do we have some stakeholders who have the ear of government and may have convinced them not to go down the BIM route in the authors' opinion lacks clarity and belief in the form of industry implementation.

[bookmark: _Toc68596179]4.7 Summary overview 

In summary, the interviewees for this particular organisation submit valid arguments for the benefits associated with having a fully federated model that integrates all their assets and associated key attributes transfers into CAFM software. Their perception as an organisation is this process has provided them with a more extraordinary ability to support future projects, WLC replacement whilst having an ability to control and fix costs because they know what they have and what it takes to repair or replace their assets. As a highly recognised organisation, they suggest the FM industry as a whole is perhaps antiquated in its approach and often struggle to understand the value technology can imply that FM is wedded to time-based maintenance. Whether it is required or not, advocates believe that the industry needs to leap towards condition-based maintenance strategies that integrate BIM, which they advise as having a significant role to play. Further dialogue with this organisation alludes to hierarchies having an awareness from an industry standpoint to the scale, complexity and importance FMs as a profession. Therefore, their recommendation would be to staff it adequately, fund it properly, support technology and training. Then FMs will be equipped to keep an organisation safe and operational with the added benefit that stakeholder engagement sees reduce costs in the long run. Another organisation interviewee advocates to the author that FM teams should be the ones driving the digital agenda because it gives them the control and benefits in time to come. Research conducted by Bernstein et al. (2004) suggested that any form of BIM implementation will undoubtedly provide a more significant impact and improve success when it is client-driven.













[bookmark: _Toc68596180]Chapter 5 – Conclusions 

[bookmark: _Toc68596181]5.1 Introduction

The purpose of the research study was to evaluate industry-posed misconceptions and organisational challenges in moving operational management of the existing built environment in a HE framework towards BIM-integrated FM.  

Critical elements for the research study from the authors’ perspective were to provide an assessment evaluating the operational management of the built environment sectors' perceived misconceptions towards BIM integrated FM and consider organisational cultural patterns and future technology aspirations. The study has drawn upon contemporary research in pursuing a greater comprehension of fundamental attributes relating to digitally-driven sectors from existing FM and BIM practitioners.

The studies main objectives were formulated for the existing built environment in the setting of HE sectors to derive the following ideology:

[bookmark: _Toc68596182]5.2 Research Objectives Summary

The studies' main objectives will explore various avenues specific to the topic fundamentals, examining opportunities for digitally enabled BIM concepts that offer integration with current facilities management for the existing built environment. It will consider cultural disparities associated with any form of implementation and misconception surrounding the viability and legitimacy with BIM solutions demonstrating transferability within FM. The study will seek clarification through industry-related information and collated feedback from recognised organisations, practitioners and professional with a wide variety of experience and specialisms. The aim of this will be to demonstrate industry best practice applications against comparisons based upon a university setting used as a benchmark case study. Further contemplation will investigate interoperability factors associated with BIM and CAFM software platforms. Other considerations towards frameworks used to capture asset data in diverse formats with the provisor that not every organisation has an all-encompassing approach towards the existing built environment. Finally, using the UWE as a benchmark showcase their future commitments and aspirations towards transforming futures and how they share similar philosophies with Bristol City Council.

[bookmark: _Toc68596183]5.3 Findings summary and Conclusions 

In summary, aligned with the objective one described above insinuates that although misconceptions associated with BIM described in a previous chapter, the study's findings did not conclude severe concern or a need to substantiate them in any great detail. In the authors' opinion and that of many of the respondents, most industry-related misconceptions manifested from poor communication, client, end-user word of mouth or even information within publications unintentionally misconstrued. Whatever the case may be, the industry will always succumb too many misconceptions as digital technology developed, but the critical factor is to communicate accurate information that follows industry best practice. However, the findings did indicate some comparable responses from the recipients that were suggestive that even in the HE sector, limited comprehension of BIM seems to be a common theme. 
Many suggest that client often assume that the function of BIM is just a 3D model that allows a visual representation generally related to new design and construction concepts rather than experiencing any adoption potential to supporting the existing built environment. Further information disclosed from the findings established that the industry disconnected in its approach to new build construction and operational management than associated with FM practices supporting the operation and management of the existing built environment. The authors' opinion suggests that this may result from poor communication and the absence of interest and desire to adopt BIM. If we take into consideration the literature review element to supporting this study, which suggested that BIM in the AEC sector has orchestrated a visible impact on FM asset management and WLC integration; however, the further study implied limited evidence that supported this collaborative approach in the context of the existing built environment. The study also alluded to obstacles relating to the impact of BIM, citing costs and its commercial viability for future implementation as a potential factor and cultural challenge. The study findings suggest an air of complexity towards BIM with evidence of a debate in its infancy regarding whether tangible benefits can validate its implementation into the existing built environment.

In concluding, the summary of findings aligned with the studies objective one. Many similarities exhibited to the email questions and interviewees responses, set against the current literature framework, evidenced many known themes and whether they imply benefits or limitations associated with BIM-integrated FM implementation into practice. The industry indicates that it is still going around in circles trying to identify and remove misconceptions and cultural challenges but still fails to gain meaningful traction. Whether this is a constraint of trying to consider or manage too many facets associated with the existing built environments and establish ways to reach or produce tangible benefits associated with the process of BIM-integrated FM remains, in the author opinion, a topic for future debate. 

The author intended to demonstrate through selected recipients and literature study contribution a more contemporary and realistic interpretation of the status associated with industry misconceptions afforded to BIM and any integration with the built environment and FM. A fundamental aspect of the study that the author will take away as any future consideration is how industry professionals manage future aspirations and expectations to adopt any form of BIM-integrated FM philosophy. In the author experience, much of the associated costs for BIM are generally incorporated within a new design and build concept within the procurement processes. The existing and somewhat diverse, and dynamic built environments overlooked as they perhaps pose a more significant challenge. The existing built environments from the authors' experience rely heavily on organisational funding to maintain agreed standards of operation, generally covered by outline business cases (OBC) presented to stakeholders for approval. From the authors perspective, any existing built environment would benefit from adopting and including BIM concepts within any future OBC aspirations, especially when faced with the appropriate opportunity to capture and record assets in real-time. The author believes that this would support the existing built environments asset WLC and potentially save time and costs to operating and managing the existing built environment in the future. 

Summary aligned with objective two interoperability obstacles affecting digitally enabled BIM integrated FM towards an existing built estate. The study's main finding alludes to the fact that many of the selected recipients are using the functionality brought about by BIM and starting to link them with managing asset information. Unfortunately, the process associated with integrity asset within the findings implies that some recipients need to map their asset into another format accepted by their CAFM system. 
In the authors' opinion, this is potentially the stumbling block and interoperability constraints of BIM integrated processes. A BIM model developed during new build design and construction, and asset information integrated from a COBIE drop of data. This COBIE data then has to be interpreted by an organisation CAFM system to set up the reactive and maintenance tasks. As demonstrated in this study, many clients may not be in a position to comprehend a new BIM model and its use, let alone any COBIE data. CAFM systems rely on linear data, usually in formatted excel data, causing many organisation time and difficulty managing large volumes of data. The study also established that many respondents have to export data into excel for re-import rather than having a more two-way synchronised approach. A key finding from the study was an overarching support or industry need for a fully integrated custom-built software solution that seamlessly provides connectivity between CAFM systems. 

In concluding, the summary findings aligned with the studies objective two. The study findings relating to interoperability factors associated with digitally enabled BIM-integrated FM management processes have proved enlightening in the authors' view. The studies finding suggests concerns with the existing built environment and highlights ongoing issues relating to a new design and building concepts and data management. It is apparent and demonstrates from this study that the industry requires a fully integrated approach to overcome interoperability concerns. The consensus was for the industry to develop a custom-built software solution that addresses the issue of interoperability. 

The study's findings generated a good level of debate relating to objective three. Generally, many respondents were not opposed to a standardised approach, which could be UK Government support and mandated to a point. Being a standardised approach would be challenging too many organisations that perhaps operate in different fields and use different technology. Many recipients indicated they use standard approaches that reflected their organisational requirements but agreed that the benefits of having a common standard could be advantageous. In the author's opinion, the industry-related PAS and newly associated suite of BS EN ISO 19650 standards show bias towards new design and build and the ongoing WLC operation of these buildings.

In concluding, the summary of findings aligned with the studies objective three. The study suggests that industry is still sailing into a prevailing wind of change when it comes to standardised approaches. In the author's opinion, the industry's challenge as a whole should aim at implementing standardised frameworks that support the capture and integration of our existing built asset into our virtual world.

[bookmark: _Toc68596184]5.4 Limitations to study

Due to the current global pandemic and personal shielding constraints, study progression relating to the research methodology element was not without difficulties, especially relating to the level initially envisaged for the case study element. Therefore, the study has adopted a greater emphasis on the research methods such as interviews, email correspondence with key industry experts, academic papers, and topic-related webinars covering both industry opinions and software innovations, Covid -19 estate management and obligations, textbooks and internet research. Anything to give comprehension towards the industries current perceptions relating to BIM integrated FM for the exiting built environment with a university setting.


[bookmark: _Toc68596185]5.5 Discussion and Recommendations 

Numerous surveys within the industries key users' groups have recorded recent updates to particular standards and guidance documentation. The respective standards and guidance documents describe Publicly Available Specification (PAS 1192) to British Standard/European Standard/International Organisational Standardisation (BS EN ISO 19650) standards for managing WLC information for the built asset. With BIM, it also integrates different elements or updating specific organisational Employers Information Requirements (EIR), also known as Exchange Information Requirements (EIR), Organisational Information Requirements (OIR), Asset Information Requirements (AIR), and CDEs are still clearly apparent in the author's opinion that the industry as a whole is still struggling to get any form of traction towards satisfying BIM-integrated FM. 

In the authors' opinion, FM practitioners' traditional methods portray obstacles that void digital growth through BIM integrated FM processes. In the future, organisations need to consider adopting a "building manager" type role, different from a typical FM role. A building manager's role devised to manage the estate solely enabling a single source of responsibility with ownership of all data and processes, much like Dame Judith Hackitt has referred to in her golden thread analogy that followed the terrible Grenfell Tower fire incident June 2017. The Dame Judith Hackitt report 'building a safer future' describes High-Rise Residential Buildings (HRRBs) and three gateway systems or processes to ownership and accountability and information sharing for transparency purposes with residence or clients. 

In the authors experience that mainly relates to the HE sectors FM processes along with exposure to business continuity to the organisation, statutory compliance, H&S, energy and sustainability, waste management, room management, reactive work, refurbishment, maintenance is all completed by specialist contractors at varying degrees and often “siloed” in approach to a given time or task. Despite some interviewees disagreeing, the author still believes there to be a distinct level of connection or interoperability concerns with varying software levels. In the authors' experience, when dealing with term contractors that use their own dedicated platforms to manage their operative daily functions and tasks, interoperability is still an obstacle to data sharing and integration. In the author's view, this dysfunctional process absorbs valuable time in managing different software solutions. 

Another apparent difficulty is managing asset data and keeping it updated in a dynamic environment in the author's experience. Quite often, this gets manifested by a lack of consideration when providing asset information that supports contractors at different tier levels, impacting a provision for accurate cost appraisals associated with planned works. The constraints associated with planned works and the consequence of tighter time frames for completion often impact information management and asset transfer considerations. Therefore, any planned works have the potential to get handed back to a client without fully compiled asset verification processes, manufacturers installed information and adequately fulfilled O&Ms, health and safety information, and associated digital capture elements that enrich any BIM Model enabling future management. In the authors' opinion, the industry shows signs of improving but is, unfortunately, a long way off from a fully functional and integrated digital process intuitive towards all parties' needs and a successful asset management operation. 



In the author's opinion, accountability, mandate and or legislation should require serious consideration. Otherwise, the industry will keep circumventing the inevitable digital reality by continually finding justification, such as talking about what we can do as an industry at webinars, conferences, or conducting surveys, but never actually implementing any of the findings. It seems to show a tenuous understanding. However, it stills allow organisations to keep barriers in place and restrict cultural and organisational growth. We need to think about the impacts we can make now, especially as we have a responsibility to reduce carbon net-zero by 2030, become more sustainable and efficient in the way we manage and operate our existing environments and even more so now we are experiencing an unprecedented pandemic that turned us on our heads. Buildings and assets need to be managed more astutely and rationalised accordingly for longevity and payback on asset investments.  

We need to demonstrate and capitalise on and form of cultural shift to a broader audience through real-time case studies that fundamentally present viable benefits.  The only limitations the author opinion portrays are cultural obstacles that require more sincere industry-wide engagement, communication and commitment to the process from stakeholders, contractors, software vendors and manufacturers. Inevitably, in the author's opinion and experience, getting this type of commitment for BIM-integrated FM will only evolve as an industry through appreciation for a golden thread of information, best practice implementation, digital support, mandated processes, and case study recognition. 

[bookmark: _Toc68596186]5.6 Main study Recommendations

Recommend further development with technology through software vendors towards custom-built CAFM systems that support BIM integration to alleviate interoperability concerns in the industry. The software will need to have the capability to capture and record the required asset management in real-time and automatically update the model. This will also support another of the study's key findings that alludes to the manual export and import of data through excel as a time constraint and a restrictive obstacle to BIM adoption. 

Recommend further case study analysis towards bridging the gap between new build design and construction through to operational WLC that further integrates the FM or Building Manager to support further comprehension of BIM use. This process directly aims to demystify any misconceptions by establishing the correct lines of communication and justifying any potential benefit and OBC for BIM-integrated FM implementation. Further considerations should invoke complete clarity towards the validity and reliability of BIM-integrated FM that demonstrates financial redress for the existing built environments.  

Recommendation for a standardised or even a mandated approach with Government support encompasses a framework towards addressing the challenges raised in the findings. A framework of standards that aim to compliment BS EN ISO 19650 and digital connectivity and provide clear direction for the operation, WLC and asset management integration of the existing built environments. This will further support critical findings in the study that refers to many organisations operating in these diverse areas and using different technologies.




[bookmark: _Toc68596187]5.7 Transforming futures Bristol UWE
 
Future considerations aligned with objective 4 represent the University of the West of England Bristol ambitious 2030 vision. The strategic vision intention is to set out a primary focus over the next ten years, and although the UWE, like other organisations, has been impacted by COVID-19. The future commitment to aligning Bristol's net-zero ambitions Bristol City Council Bristol One City Climate Strategy (2030) is still a main philosophy at the UWE. The author recently had the opportunity to attend an online meeting with the Department for Business Energy and Industrial Strategy (BEIS). The meeting chaired by the BEIS welcomed other vital partners, which included the UWE, University of Bristol and Bristol City Council, which are the first local council in the UK to declare a climate emergency. The meeting presents the techno-economic modelling findings and discusses the recommended energy efficiency and low carbon heat interventions for university campuses in the city. 

The UWE Frenchay campus has already moved forward with implemented its own technologies in developing a district heating network to support the ever-changing campus in a move to net-zero decarbonisation 2030 visions. The UWE continues to drive future technologies with a bold and new development that will help meet strong demand from our students for campus living and guarantee on-campus accommodation for all first-year students (as stated in Strategy 2030). A new development of accommodation will feature a modern, vibrant design and aligned with our commitment to address climate change and sustainability challenges, being built to the highest sustainability standard Passivhaus. Construction work on phase 1 of the new buildings is expected to begin in summer 2021 and be completed and ready for occupation in September 2023.



























[bookmark: _Toc68596188]5.7.1 UWE Strategy 2030 Commitment.

	Strategy Commitment 2030
	Performance measurement

	Be carbon neutral as an organisation, with net-zero emissions of greenhouse gases by 2030
	Emission of CO2 from Scopes 1, 2 and 3 - annual totals and per capita for the combined staff and student population

	Work through UWE Bristol's ISO 14001 standard to set clear targets and action plans to reduce water and energy use, cut waste generation, build circular economy principles and enhance biodiversity.  
	Continued certification under ISO 14001. Delivery against target and action plans.


	As signatories to the UK Plastic Pact, eliminate all but essential single-use plastic and meet the 2025 targets for recycling and reuse.
	Agreed definitions of Definition of 'essential single-use.  Annual audit of single-use plastic use.

	Each of our campuses as clean air and smoke-free zone.
	The concentration of nitrogen dioxide and particulate matter on each effective establishment of smoke-free zones.

	Invest in and secure year-on-year improvement in sustainable travel for staff, students and visitors.
	The annual improvement in sustainable travel recorded through a travel survey.

	Work with staff and students to address explicitly climate change and environmental challenges through our teaching, learning and curriculum.
	Expectations set and included in all programmes under the UWE Bristol Enhancement Framework and related policies and audit of achievement.

	Support research that addresses issues relating to climate change, environmental challenges and biodiversity.
	Number and percentage of internally and externally funded projects that address climate and environmental issues and map onto the UN Sustainable Development Goals.



[bookmark: _Toc68596210]Table 1: Illustrates the Future Sustainable aspirations of the UWE towards 2030 Transforming Futures.

The University of the West of England Bristol Strategy 2030 Transforming Futures (2021)

[bookmark: _Toc68596189]5.8 Self-Reflection 

The author has resonated throughout the study process that BIM-related technology and the FM sector, although seeing credible improvement towards implantation, still indicate a dysfunctionality and aura preventing adoption. In applying further case study analysis to the author, it is confident that further validity to BIM-integrated FM can be sorted using a genuinely modern and unified digital approach that manipulates the situation demonstrated from the research and enables the organisation to be more practical implementation.
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1. I am currently engaged with my research methodology but already find myself with a few questions, as case studies seem limited? 

2. I kindly wondered without taking too much of your time up if I could run by a few of my initial questions by you in respect to (example Archibus) perspective in order to ascertain if you are considering or are actually embracing BIM applications for existing estate management philosophies? 

3. I am trying to ascertain your unique professional comment and that of any other BIM/FM experts in firstly understanding if anything has changed in the industry? 

4. Secondly, whether more recent case studies are available that show tangible benefits related to BIM integrated FM for existing builds rather than just headlining new builds? 

5. The UWE’s procurement of its term contractor is for periods of approx. 5 years do you see this as an obstacle perhaps for BIM integrated FM? For example, we still experience issues with poor hand-over and transfer of knowledge between term contractors even though operatives generally remain the same through toupee processes. Usually, significant cost we generally have to conduct more surveys usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes.

6. My worry is that we just seem to not learn and I’m sure this extends to other FE/HE and industry sectors perhaps causing pain with limited gains from paying out money for surveys, thermal imaging, drone, conditioning surveys? 

7. Do you think we could be investing this money into a digital future and software that supports BIM integrated FM strategies?  

8. Do you think we are experiencing a struggle with the cultural approaches to adopting new processes and technologies in our FM operations area? 

9. Is this a key challenge for BIM experts or do you see FM sectors as being notorious difficult to take up or try new technologies unless benefits are proven? 

10. Is there a concern from your expert perspective with the interoperability of BIM technologies and current CAFM systems? 

11. Is there or do you think there could be a standardised approach or framework put in place for BIM integrated FM strategies in the future and will it be mandatory like with new builds, design and construction? 

12. Specification that defines information and processes required to capture all existing building data and lifecycle requirements? 

13. If BIM integrated, FM was an emerging field back in 2014/15 what is its status now? 

14. Further to the contemporary research, I have sourced and read through it seems that BIM is still better understood when it comes to design and construction meaning that the value for BIM integrated FM is still yet to be demonstrated? 
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LM email question resonses - BIM integrated FM strategies in relation to existing estates.

Hi Richard.

Firstly I would like to apologize for such a delay, colleagues are quite busy and it took some time to get the answers from them and that was not the top priority for them.

You can find our answers in the original text below in red colour.

Best regards.

LM.


Hi LM,

I trust this finds you and your colleagues at Prague Airport estates safe and well during these unprecedented times?  

I hope you have no objections to me contacting you, but my esteemed colleague Mike Ford (UWE BIM Manager) has suggest contacting you in relation to me seeking expert feedback in relation to MSc dissertation. I am proudly conducting my MSc Property and Facilities Management and currently undertaking my dissertation programme in the University of Wales Trinity St David in Swansea as a part-time student.

Background.

I currently work for the UWE and have been the main Estates point of contact for the accommodation for over 10 years. During my career I have developed skills from a practical perspective through into building services design progressing into the FM sector. In my role for accommodation, I have developed a lifecycle programme and conducted condition surveys and asset management strategies employed into the UWE CAFM systems but apart from the link with Mike and BIM on our new build accommodation there seems to be no link between BIM and existing estates? 

I am currently engaged with my dissertation literature review/research methodology but already find myself with a few questions as case studies seem limited? I kindly wondered without taking too much of your time up if I could run by a few of my initial questions by you in respect to Prague Airport estates and ascertain if you are utilising BIM with your existing estate FM management? 

I’m trying to ascertain your professional comment and that of any other BIM experts in firstly understanding if anything has changed in the airport industry? and secondly whether more recent case studies are available that show tangible benefits related to BIM integrated FM for existing builds rather than just headlining new builds?  
  
Not sure if Prague Airport estates have in house or outsourced maintenance contractors but there at the UWE’s procurement of its term contractor is for periods of approx. 5 years do you see this as an obstacle perhaps for BIM integrated FM? 
Most of the maintenance at PA is done in-house. Due to my experience with external suppliers, I think outsourced maintenance might be challenging for BIM integrated FM but does not necessarily need to be a major obstacle. The only and main obstacle could be ability of small companies to work in advanced digital methods, but we can support them by our internal teams to update BIM/FM model.

For example, we still experience issues with poor hand-over and transfer of knowledge etc between term contractors even though operatives generally remain the same through toupee processes. Usually, significant cost we generally have to conduct more surveys usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes?
Unfortunately, we don’t yet have any experience on this subject since all our BIM projects haven’t so far gotten further than into design stage.
 
My worry is that we just seem to not learn and I’m sure this extends to other FE/HE and industry sectors causing us pain and limited gains from paying out money for surveys, thermal imaging, drone, conditioning surveys etc? When we could be investing this money into a digital future and software that supports BIM integrated FM strategies?  
Well, we don’t know what to answer… 
 
Do you think we are experiencing a struggle with the cultural approaches to adopting new processes and technologies in our FM operations area? Is this a key challenge for BIM experts or do you see FM sectors as being notorious difficult to take up or try new technologies unless benefits are proven? 
I don’t think this is an FM sector specific problem. Adoption of new processes is a challenge for BIM experts, but we are experiencing these challenges in the design/construction stages just as much.  
 
Is there a concern from your expert perspective with the interoperability of BIM technologies and current CAFM systems? 
Definitely yes. There are a few CAFM solutions on the market that were made ready for BIM integration and few trying to adapt to it. However, in many cases the integration will rely on custom-built solutions and connections between CAFM, AIMs and CDEs. This will most likely be our case as well. 
 
Is there or do you think there could be a standardised approach or framework put in place for BIM integrated FM strategies in the future and will it be mandatory like with new builds, design and construction? Specification that defines information and processes required to capture all existing building data and lifecycle requirements? 
I believe standardization in a limited scope (eg. using a common classification system) is possible and facility owners could benefit from it, although not everything can be standardized since every organization operates in a different field, uses different technology systems and different processes. Mandatory standardization of building data (at least in a basic scope) definitely makes sense for state-owned facilities.

  
If BIM integrated FM was an emerging field back in 2014/15 what is its status now? 
In the Czech Republic I’m afraid it will still be an emerging field at least for the following decade.  

Further to the contemporary research I have sourced and read through it seems that BIM is still better understood when it comes to design and construction meaning that the value for BIM integrated FM is still yet to be demonstrated? What would be your thoughts on this question?
As it is obvious from my previous answers I totally agree. There aren’t many case studies available that could prove the theoretical benefits of BIM integrated FM and it’s up to the early adopters to demonstrate it. 

[bookmark: _Toc68596195]Sample B – Academic 
RC email question responses - BIM integrated FM in relation to existing estates dissertation.
Hi Dr RC,
I hope you have no objections to me contacting you but my esteemed colleague Mike Ford (UWE BIM Manager) has suggest contacting you in relation to me seeking expert feedback in relation to MSc dissertation. I am proudly conducting my MSc Property and Facilities Management dissertation programme in the University of Wales Trinity St David in Swansea as a part-time student.
Mike was showing me your exceptional work in relation to the subject Towards Smart Universities’ estates and investigation of BIM and IoT supporting reactive maintenance services as I have a genuine interest in this topic also.
Background.
I currently work for the UWE and have been the main Estates point of contact for the accommodation for over 10 years. During my career I have developed skills from a practical perspective through into building services design progressing into the FM sector. In my role for accommodation, I have developed a lifecycle programme and conducted condition surveys and asset management strategies employed into the UWE CAFM systems but apart from the link with Mike and BIM on our new build accommodation there seems to be no link between BIM and existing estates? ​This is not quite true. The UK is slightly behind but there are organisations that have their existing assets already modelled. Perhaps not fully modelled and linked to the CAFM system but nonetheless connected to some extent. The environmental agency, Heathrow, Sellafield, Highways England, Railway, the army, John Lewis, etc... University wise, UWE, Birmingham, Coventry, and Nottingham seem to have more than other Universities. Bath has some capabilities.
I am currently engaged with my Literature review/research methodology but already find myself with a few questions as case studies seem limited? ​I am surprised as the number of publications in this area has increased exponentially in the last few years.  I kindly wondered without taking too much of your time up if I could run by a few of my initial questions by you in respect to UOB and ascertain if you are utilising BIM with your existing estate management? ​I can try to answer to my best knowledge, but I do not work at the Estates department. I am an associate professor at the Architecture and Civil Engineering department.
I’m trying to ascertain your professional comment and that of any other BIM experts in firstly understanding if anything has changed in the industry? And secondly whether more recent case studies are available that show tangible benefits related to BIM integrated FM for existing builds rather than just headlining new builds?  ​Yes, things are changing. The move of the deadline for net-zero building from 2050 to 2030 made councils to wake up that they will need BIM. There are many cases I seen. Fortaleza airport in Brazil, Municipality di Milano (Italy), all the cases mentioned above in Heathrow in the UK. The research on the Manchester library I led had 10 ROI mini case studies done. You can find them on the old BIM Task group website (as the site is now down, you will have to use way back machine type of searching engine.
Not sure if the UOB have in house or outsourced maintenance contractors but there at the UWE’s procurement of its term contractor for periods of approx. 5 years do you see this as an obstacle perhaps for BIM integrated FM? ​Bath uses a mixed approach. Re obstacle, yes and no. If the type of supplier is widely available, the UoB can demand the use of BIM, if is a service provision in shortage of professionals, Bath cannot demand its use.
For example, we still experience issues with poor hand-over and transfer of knowledge etc between term contractors even though operatives generally remain the same through toupee processes. Usually, significant cost we generally have to conduct more surveys usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes? ​As above, on a case-by-case basis. However, UWE is a large organisation and in general suppliers are smaller firms. As it happens in construction, UWE should provide support and training, engage with supplier to explain the new modus-operadi based on BIM. The larger look after the smaller principle. 
My frustration is that we just seem to not learn and I’m sure this extends to other HE sectors causing us pain and limited gains from paying out money for surveys, thermal imaging, drone, conditioning surveys etc? When we could be investing this money into a digital future and software that supports BIM integrated FM strategies?  ​It is not so simple. Universities, in general, fail to have an OIR bought in by the CEOs... because of that, AIMs tend to be very operational. You cannot blame others if you haven’t done the homework (i.e., a well-defined OIM, AIM and EIRs linked to the business proposition). HE organisations have yet to learn that their facilities impact service delivery. E.g. With covid, all universities had to adapt occupancy ratios. Those without a digital model had to work hard and manually to understand classroom capacity and then redesign teaching. Perhaps, this experience has shown them the importance.  
Do you think we are experiencing a struggle with the cultural approaches to adopting new processes and technologies in our FM operations area? ​That is always the case in all areas. It is normal and a consequence of not exploring the people side of things. Most of BIM work has been on technology... 10% on process and 1% on people. Is this a key challenge for BIM experts or do you see FM sectors as being notorious difficult to take up or try new technologies unless benefits are proven? ​Some resistance is normal as I mentioned above. However, FM departments often see the loss or personnel due to budget cuts and they are overloaded with work. Implementing a new management system based on BIM for large organisation is a very large task. It requires investment, planning. Trying to change the tyre while driving the car is never an easy task either, so I think is about having a plan for removing barrier and a change management plan in place. 
Is there a concern from your expert perspective with the interoperability of BIM technologies and current CAFM systems? ​Not a significant one. The use of programming and visual programming can resolve issues of interoperability. It is not as complex as it is for engineering.
Is there or do you think there could be a standardised approach or framework put in place for BIM integrated FM strategies in the future and will it be mandatory like with new builds, design and construction? Specification that defines information and processes required to capture all existing building data and lifecycle requirements? ​I am not sure if I understand the question. BIM or information modelling is about modelling structured information, which basically means standardised structures. The standards are already there. The issue is that people need to adopt them (that is the issue).
If BIM integrated FM was an emerging field back in 2014/15 what is its status now? ​My first case study on BIM started in 2008, I was also working on a nd modelling research project. I see that the knowledge has evolved tremendously, the adoption is still embyonic and the speed is still slow. That is normal though, there has been no pressure from organisations or the government. Perhaps, with the net-zero call and organisation having to report on the use of energy and CO2 emmissions, things will speed up a bit in relation to BIM and BMS systems. 
Further to the contemporary research I have sourced and read through it seems that BIM is still better understood when it comes to design and construction meaning that the value for BIM integrated FM is still yet to be demonstrated? What would be your thoughts on this question? ​I do not agree completely. Hard FM is about design and construction to, so the value is the same and it has been demonstrated already. For operations (soft FM), there is much to be explored but live data to support better SFM is hard to acquire for various reasons. See my video as an example related to waste (https://www.youtube.com/watch?v=kze6PEBxrCg). As we learn more about IoT, IoB and edging technologies, it will become easier to collect live data to that feeds into FM and enable macro-BIM-FM adoption.
I hope my answers help you with your project. Good luck with the dissertation. Fascinating topic.
Best wishes,
Ricardo
Dr Ricardo Codinhoto
Associate Professor | Architecture, Design and the Built & Digital Environment
Bath University, UK
Editor in Chief | Architectural Engineering and Design Management
LinkedIn | Dr Ricardo Codinhoto
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HS email question response - BIM integrated FM strategies in relation to existing estates.

Hi Richard,

Yes of course I’m more than happy to support. Please see my comments below in red.


Many thanks,
Hadeel


Hadeel S. Saadoon | Estates Digital Services - BIM Manager |MSc. CMgr MCMI MCIAT ACIOB BRE BIM AP BREEAM AP 
Coventry University Estates | G32 Alma Building, Alma Street, Coventry CV1 5QA | T: +44 (0) 7448016322 
Chair of BIM4Estates – UK BIM Alliance
Estates – Creating Places for Excellence

Hi Hadeel,

I hope you have no objections to me contacting you, but my esteemed colleague Mike Ford (UWE BIM Manager) has suggest contacting you in relation to me seeking expert feedback in relation to MSc dissertation. I am proudly conducting my MSc Property and Facilities Management and currently undertaking my dissertation programme in the University of Wales Trinity St David in Swansea as a part-time student.

Background;

I currently work for the UWE and have been the main Estates point of contact for the accommodation for over 10 years. During my career I have developed skills from a practical perspective through into building services design progressing into the FM sector. In my role for accommodation, I have developed a lifecycle programme and conducted condition surveys and asset management strategies employed into the UWE CAFM systems but apart from the link with Mike and BIM on our new build accommodation there seems to be no link between BIM and existing estates? 

I am currently engaged with my Literature review/research methodology but already find myself with a few questions as case studies seem limited? I kindly wondered without taking too much of your time up if I could run by a few of my initial questions by you in respect to your estates and ascertain if you are utilising BIM with your existing estate FM management?  Yes, we are utilising BIM, mainly asset information coming from the BIM models, but we map them into another format accepted by our CAFM system Planon

I’m trying to ascertain your professional comment and that of any other BIM experts in firstly understanding if anything has changed in the industry? Yes, the industry has changed, and BIM is now widely adopted not only by designers and contractors but also by Facility Managers and secondly whether more recent case studies are available that show tangible benefits related to BIM integrated FM for existing builds rather than just headlining new builds?  I’m sure you can find some case studies online I recommend checking the CDBB website and searching for Cambridge University work. We are working on publishing case studies as well of our work at Coventry Uni which will be on the CDBB website once finished.
  
Not sure if University Coventry estates have in house or outsourced maintenance contractors but there at the UWE’s procurement of its term contractor is for periods of approx. 5 years do you see this as an obstacle perhaps for BIM integrated FM? We have both in-house and outsources contractors, it’s not an obstacle as long as you draft procedures that can be disseminated and followed by all maintenance technicians and external contractors.

For example, we still experience issues with poor hand-over and transfer of knowledge etc between term contractors even though operatives generally remain the same through toupee processes. Usually, significant cost we generally have to conduct more surveys usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes? Yes, we face the same issues, and we are trying to reduce them by providing templates to capture asset data, same templates we use to import data into the CAFM system and also the exact same unified template that is part of the EIR/AIR for capturing asset data of new projects.
 
My worry is that we just seem to not learn and I’m sure this extends to other FE/HE sectors causing us pain and limited gains from paying out money for surveys, thermal imaging, drone, conditioning surveys etc? When we could be investing this money into a digital future and software that supports BIM integrated FM strategies?   You don’t need drones and thermal imaging equipment and expensive technologies, you can start simple by working on the existing processes first and using available technologies, we use simple laser measures for surveys to update our drawings and create BIM Models in house, we don’t know when we’ll ever get the budget for example to purchase a point cloud surveying machine but for now this works.
 
Do you think we are experiencing a struggle with the cultural approaches to adopting new processes and technologies in our FM operations area? Is this a key challenge for BIM experts or do you see FM sectors as being notorious difficult to take up or try new technologies unless benefits are proven? Yes, working with people and managing their expectations and simplifying BIM as a process and technology that supports work is key for better adoption
 
Is there a concern from your expert perspective with the interoperability of BIM technologies and current CAFM systems? Yes, CAFM systems need to develop quickly to accept BIM models and COBie standard files. Currently we export CAD drawings from the BIM models and asset spreadsheets to import into our CAFM which is very time consuming, so this is a major issue.
 
Is there or do you think there could be a standardised approach or framework put in place for BIM integrated FM strategies in the future and will it be mandatory like with new builds, design and construction? Specification that defines information and processes required to capture all existing building data and lifecycle requirements? 
Yes, I recommend reading this https://www.iwfm.org.uk/resource/bim-data-for-fm-systems.html?parentId=4D64E6F8-D893-4FF1-BABA5DF2244A7063 , Mike can potentially provide a free copy for you I think he was one of the authors.

If BIM integrated FM was an emerging field back in 2014/15 what is its status now? It would probably be much more developed!

Further to the contemporary research I have sourced and read through it seems that BIM is still better understood when it comes to design and construction meaning that the value for BIM integrated FM is still yet to be demonstrated? What would be your thoughts on this question? Yes, I agree more work needs to be done on the BIM for FM side.

[bookmark: _Toc68596197]Sample D – Estates BIM Manager

MF email responses (red) reference BIM-integrated FM 
 
I’m trying to ascertain your professional comment and that of any other BIM experts you may know in firstly understanding if anything has changed in the industry since this article/research was undertaken in 2014/15 and secondary whether it has been superseded by more recent case studies that show tangible benefits related to BIM integrated FM for existing builds rather than just headlining new builds?  
 
The industry continues to slowly adapt to BIM.  You'll find many FM organisations try to keep on doing what they have always been doing while there are a minority of organisations doing some exceptional work.  I've recently had a catch up with our friends at Prague airport, they've used lockdown to capture all their assets and model up their buildings using Revizto as a platform to asset capture.  Even as recently as last week we've taken a big step forwards in the way we're asking contractors to capture data on our behalf.  I'm happy to run through this with you. 
 
In order for me to critically evaluated and validate research or information gathered I will be searching every avenue but unfortunately my searches have found no other case study representation that show improvements have been made between BIM and FM? Information found is related to construction with FM’s being involved from an earlier part of the project to understand its future lifecycle! Existing builds make up more than our new builds so surely it would make sense to also concentrate on these areas in conjunction with appropriate CAFM systems? 
 
I haven't seen much in the way of literature on the subject, it might be worth reaching out to Trina.  We've done lots of work on conversion of the existing estate into BIM, we've got everything except the main building at Glenside.  The report mentioned that laser scanning is a good way to capture assets, I'd disagree and say it's a very good way of capturing geometry, turning geometry into assets needs a human that can identify them.  This is often a lot harder than you'd think.  Socket outlet = easy, pipe = very hard to tell what system it belongs to and if its flow or return, enclose box = is it electrical / fire alarm/access control? 
 
In your expert opinion after refereeing to the article Literature review that the UWE’s procurement of its term contractor for periods of approx. 5 is also an obstacle perhaps for BIM integrated FM? We still have issues for example with poor hand-over between term contractors even though operatives generally remain the same through toupee processes. We generally have to conduct more surveys prime example usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes? The latest example I can give is Carroll court recently surveyed in order to provide a business case to the exec to re-develop because as it passed its useful life expectancy.  
 
We just seem to not learn and I’m sure this extends to other HE sectors in that we all keep paying out money for surveys, thermal imaging, drone, conditioning surveys etc? We could invest this money into software that supports BIM integrated FM strategies.  
 
You've highlighted a big problem here, it's not necessarily a BIM problem but one of communication.  For example, I fed the BIM requirements for the next MTC into Richard Searle, I found out last week that none of that info was fed into the new MTC and I'm meeting with Paul in half an hour to discuss it.  If communication is breaking down within the Estates department, one step removed (the MTC) is going to be worse.  More generally there are problems with a 5-year contract, the rate of change means that even on medium scale building projects lasting 9months to 1.5years, there can be big differences in the organisation's needs from start to completion.  There is also an expectations gap as colleagues are consulted on their information needs and see them absent from handover information due to this lag period. 
 
Do you think we are experiencing a struggle with the cultural approaches to adopting new processes and technologies in our FM operations area? Is this a key challenge for BIM experts or do you see FM sectors as being notorious difficult to take up or try new technologies unless benefits are proven? 
 
Absolutely and it's an issue compounded both in lacking a director of estates (for a joined-up direction shared by projects, maintenance and the rest of Facilities) and the COVID restrictions making it harder to talk to each other and share ideas.  BIM is also not well understood, and many have no desire to even try and better understand it. 
 
 I maintain that good data management insists that data is only held once as a single source of truth.  Where information has a graphical requirement be that pipes on a water plan, hazards symbols on a site plan or a boiler shown on an elevation within a plant room, BIM is the only graphical database technology that can enable a single source.
 
Is there a concern for your expert perspective with the interoperability of BIM technologies and current CAFM systems? 
 
Yes, our system means we have to export data into Excel for re-import rather than having a two-way sync process.  At least for more recent projects, Archibus is holding the same unique ID as the models.  Even where physical labels are required, it's the model ID's which are being printed on the new QR code labels. 
 
Is there or will there be a standardised approach or framework put in place for BIM integrated FM strategies in the future and will it be mandatory like with new builds, design and construction? Specification that defines information and processes required to capture all existing building data and lifecycle requirements? 
 
We have a standard approach for UWE, this wouldn't necessarily work for other types of organisations eg hospitals.  We have previously spoken with other nearby universities about having a common standard, this would help local designers and contractors to get used to a common approach.  More work would be needed on this. 
  
If BIM integrated FM was an emerging field back in 2014/15 what is its status now? I suspect it’s still in this phase through lack of education and the social impacts it brings? I also agree in principle that BIM is still better understood when it comes to design and construction meaning that the value for BIM integrated FM is still yet to be demonstrated? 
 
I agree.  Part of the problem with FM is they are less used to having professionals dedicated to drawing (or now 3D modelling) within their organisation.  If a model is to be useful to an organisation beyond handover, maintenance of the model is required as buildings are changed and updated over time. 
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#Ralph James – Met Office (Skype meeting 14:30 – 15:30, 23/06/2020).

BIM & FM the Met Office Perspective.

Ralph - FM perspective very important thing to draw out.

Ralph - Met Office has two buildings, two halves if you like of their HQ campus. The original building, which finished around 2004 and that was not BIM. It utilised standard CAD processes and you name it; it was never updated. So various projects came along and never updated either. The story being teased out is that the Met Office were in this weird situation of a design build run which essentially it looked like a PFI except that it wasn’t as the Met Office owned its own asset. Now they were therefore in a run phase with a special purpose vehicle called the stratus consortium and the Met Office insisted that they had an electronic means of managing etc. So, move forward the clock to the Met Office not being at all satisfied, which Ralph suggests I teased out in questions to him via email was where they went for a new contract and the successful contractor was “CBRE” and they allowed them six months to mobilise. The Met Office knew that it was going to take a long, long time for them to undertake a full-on asset verification of the main building and they would throw up a load of questions. Undoubtedly from an FM and maintenance perspective they would come back and say we can’t do this one because it’s out of support, it’s old, it’s not been maintained, it’s therefore a problem. The Met Office did indeed find a system such as that however, when the Met Office completed on the Exeter Science Park (Ralph trying to put this into context for me by displaying a Revizto drawing/ plan of the building) he hopes this will give me a feel for what they did. The Met Office science park was a couple of buildings they had to design build and fit out to house their next generation supercomputer back then. (RB TO LOOK INTO THIS).

(Showing drawing on screen)
The Met Office “Ralph” managed to get a full on “COBIE” drop on, which was very useful, Useful in itself but not quite as useful of taking this COBIE drop and dropping it into their own CAFM system.
The Met Office tested the marketplace for a suitable CAFM system and ended up with a system called “Concept Evolution” by Fsi.

Ralph showing another building concept but internet band width running very slowly and unable to display as an example.

(Unable to display due to internet issues).
Trying to showcase a collaboration building model of what the Met Office ended up with. From a maintenance perspective and within this model they have every single attribute of the maintainable assets. Which from that you can assign it an SFG20 code for maintenance or define early on if you want to run a certain asset to fail? For example, glass panels. (Ralph – hovering over them, screen shot of glass panels displaying all the asset info such as manufacturer etc). So, pitching the attributes of each of the individual elements is very useful thing. The point Ralph is trying to highlight to me is that they ended up with a lot of questions from “CBRE” about the main buildings, but he got absolutely none in relation to these set of buildings shown on screen. The reason for this is that it was absolutely clear what the mechanical, electrical and fabric systems required to be maintained. 

“Ralph”
So, if anybody is looking for validation in respect to BIM when you’re handing over BIM level accredited buildings with all the attributes pitched out then you’re not going to get the questions from the contractor, you’re not going to get compensation events because they didn’t find the assets and it’s a very robust way of estimating. * Note: from Ralph’s perspective this is an extremely important factor and he realise early on that if he could roll this out across the wider Met Office estates it would provide advantages. (*Having had time to digest & reflect on our conversation the Met Office benefited greatly from BIM models to support their FM strategies across their estate). 
Firstly - you can identify the assets and you can identify them in space (made reference to something by Skanska last year!)
Secondly – You can develop a mature life cycle plan.
Because guess what.
Ralph – tells his leaders/ management that you say you have no money but if you spend another 20k on this Air Handling Unit (AHU) for example he can pretty much guarantee that is going to have a much longer life than the one they perhaps want to put in because it’s cheaper and subject to more maintenance etc.
F.Gas/ Free cooler? Don’t want as to avoid reliance of gases/ F.gas etc. I guess what Ralph is explaining to me is that he is finding being able to visualise what he’s got along with the attributes if done correctly makes a very compelling argument when as an FM your seeking money for maintenance etc.

By way of evolving “Ralph Met Office” developed the BIM viewer with espeye to support their CAFM system (‘concept evolution’) again following a rigorous search of the marketplace. Ralph was able to persuade the powers that be that this company was right for them and was going places. In terms of development and people using it have very similar estates following a case study visit to Filton Airbus Bristol who also use it in their particular set-up. The Met has over four hundred pieces of land, equipment radar’s etc. So, for an FM team to manage that you need the proper tools. * Ralph’s ultimate goal from all of this work is to get a smart building that actually reports its own faults. So, by specifying sensor technology that reports into a cloud-based platform when they have renewed things (assets) they can use one piece of class to see where the faults lie in the system. By then superimposing a BIM model over the top of that it ought to be possible with the correct technology and we know that we can do this by putting on the oculus glasses on and so forth. So, with the Met Office having such a disparate (meaning essentially different in kind, not able to be compared) estate for example a property asset on top of mountain says and somebodies looking for, let’s just say a faulty light (emergency) which also gives us a compliance issue. So, unless they have been to site before these assets are not easily findable because of being behind locked doors, in stairwells and therefore wouldn’t it be nice then (Ralph aware these technologies exist as they are about to trial it). Where the lights perform their own self-test and then the lights themselves undertake fault analysis function. So, the lights they are about to buy you essentially buy 120% of what you actually need, and their theory is they will warranty them for 5 years based on the fact LED technology do fail but their unit is so intelligent that it will bring on spares to maintain the light output. All of which Ralph finds fascinating and they report into the cloud, report their own faults etc. So no longer have you got the engineer going around doing his light level readings because these systems are already doing it. They are also reporting their status which means in the walk around you don’t need to do that anymore because the emergency lights are going to report in allowing you to see that on a piece of glass (computer/ tablet, etc). Met Office Ralph pursuing!!

*Water system – Spiher which does flow rate and temperature measurements on water outlets right across the estates. Incredibly useful during COVID-19 from their CAFM system to send a workflow out to station manager to go run shower for example. This allows them to demonstrate compliance on L8. (NOT BIM RELATED AS SUCH)

14:20 – Another angle from BIM: Balloon sheds one in Lerwich Scotland and one in Camborne Cornwell. They are identical devices and what they decided to do was with the one in Scotland which no one really knows about as it’s been there forever from around early 80’s with no records, no nothing and it’s rotting away.

So, what they had “Skanska” came along and paid them a fair price and this is a development version. Ralph trying to show screen example but unable too!!

RB: Poses the question to Ralph in relation to how he finds the interoperability of BIM and his CAFM system?

18:24 - Ralph: Personally, he has no uses, and he finds it wonderful however, the FM industry is quite behind the times perhaps being brutal. He thinks its perhaps quite immature that the FM industry have not realised the benefits that it can bring as they are perhaps very wedded to time-based maintenance whether its required or not and the industry does need to make a leap towards condition-based maintenance. That condition-based maintenance to Ralph is where BIM has a significant part to play. Ralph has seen things like vibration analysis, thermographic camera’s on pumps, gearing on chillers you name it we know the value of BMS in terms of monitoring itself its one tiny leap that says okay you can maintain & keep your statutory and regulatory compliance but if you’ve got a pump set that requires you to pump oil into whether it’s being used or not would require a major leap, although you have to have the right sort of contract in place with your service provider and for them to share in the benefit and that to Ralph is an important point to make because we constantly hear let’s say in the SW region that term providers have perhaps specified maintenance to be undertaken rather than it being client led. *5-year contracts and need for re-survey of assets.

19:20 – Ralph senses the pain!
What the Met Office did with CBRE is they did a competitive dialogue, so they got the best in class and contractually we set up the means where any innovation they bring to the table that results in a saving we can share the gain 50/50. So, for instance if they do a conditioning survey on the boilers and they say you know the burner that you have probably got around 3 years left in them but if you do a capital budget now of “X” we think we can guarantee the life of the asset for a further 15 years and you’re going to have reduce commission and we will put technology in place that actually did the (20:14) flue gases and altered the burner ratio and all that good stuff, meaning that actually the maintenance burden is then reduced. That means we can move onto other things and satisfied in the knowledge of that, but if you’re high bound to time-based maintenance Ralph thinks you’re going to struggle with that type of approach and are you ever going to get the best out of what is supposed to be professional engineering organisation.

22:00 – Ralph
The Met Office did a full BIM level 2 remodel of a structure they used to inflate weather balloons in subsequently launched them from. It’s quite a complex structure as it rotates, it’s got gas Hydrogen or Helium gas safe lamps a fabric that’s supposed to fall off the sides when it explodes. It has motor to rotate it on a circle railway line. So, it’s actually quite complex but we never had was a full on survey of what they had and by that Ralph means how lamps were there how many security cameras are there , what is the door, is it a roller shutter, what’s the motor, is there a chain, what’s the gear box like so having had that done we then did a point cloud scan of whole thing superimposed them together and the reason Ralph wanted to do that is because he could take that fully federated model with all the various attributes and transfer into our CAFM system. (23:08)

Conversation link lost but it needed to match their site in Lerwich (Scotland), they did not want to re-invent it as they knew this structure wanted! So in doing that what we do from an FM perspective is we can go to the market place and see who’s interested, and see who’s going to do it correctly in the BIM environment (23:36), knowing that we can import both attributes directly into CAFM plus the model directly into CAFM and that’s an advantage from the chief financial officers perspective is he’s going to know that the developed design is pretty solid, it’s there and the only variable is going to be the ground conditions that they discover when they start pouring concrete. So, you can pretty much fix the costs as well (24:11) because the elements that go into making the balloon shed have been identified you can get a pretty good approximation also of its expected life span and so then you can set up the depreciation on that product (24:32) code correctly because what currently happens probably everywhere is that somebody will (put in – Ralph gives an example; a diesel generator never used, the only time it’s used is when engineer maintains it (24:40) which we all know these things exist. So, we think what the utility of that diesel generator is. We have environmental risk in the oil, we have the oil that’s probably not been scrubbed drainage environmental risk assessment, filling site on top of a mountain side is kind of difficult and the lack of technology so here’s the scenario – The power goes off to sit top of a mountain in Scotland. The first thing that happens is the site applied UPS picks up the load, invisibly to the Met Office that site is still wanting the I’s and O’s are following out of its lovely pictures etc. The UPS then notifies diesel that if mains has not been restored and diesel stores up, takes up the load and everyone’s a winner. But I have no idea how much fuel is in there, how much duel is in the day tank or bulk store. So, the ultimate result is that diesel is going to run out of gas and then the UPS is going to kick in and all through this the Met Office have had no alerts, nothing going on! (26:08) So Ralph has to question this utility having a diesel generator on these sites. Right, everybody agrees we need to get rid of it, so Ralph intends to get rid of it but when you start to look into the finance system, and you see that somebody life this as 25 years. So, the remaining value of that asset does not truly represent its value. You have an asset that’s not been used but not in use with this huge value (26:39) attached to it, so unless you take a big depreciation hit on your FM budget you might as-well just leave it there which is utterly mad but that is what is happening.
(26:52) So what do we do about that, well what Ralph is attempting to do is to create a whole set of facsimiles, a weather radar is essentially a portacabin some “IT” and a radar set, disk set up tower that’s pretty much it the important thing there is knowing what the state of health the mains is because people have tried to put in BMS but the bit they have missed is the bit that goes off is your network. Which is so obvious so Ralph is looking at working with a firm called Metricas that will use maybe 2G technologies (low level radio) where its independent of mains so what that would do is you would put a current transformer on the mains input and it then raises an alarm. It’s as simple as that because to the people of Exeter if the mains has gone off the UPS picks up the load then there are things that can do that effectively stop the radar.
*Poor sound!!
You can also have this function in reverse so the mains have now been restored for 5 minutes, you could probably initiate soft start.

Couple of good things came out of this.
1.) No point sending an engineer if there’s no mains because nothing he/she/they can do and your risking (24hr call out), so if the FM or CAFM system using smart technology based around a BIM model can say I’ve lost the mains send a workflow to our network monitoring people to say mains is out they can initiate to call out. You can save money doing that and you can make the network model more resilient, not achieving the crashes as regularly they have been.
(29:33) – So Ralph thinks that there is a place for it there and doesn’t need to be a complicated BIM model it can just be a representation which is one of the things Ralph is also attempting to do.
Ralph curious he’s been doing a lot of talking and suggests I must have a lot of questions?

(34:30) Ralph -Statutory compliance the can of worms that keeps giving embraces 14001 audit processes and uses them to his advantage and uses it to drive some of improvements. (35:18) This may sound a little vague but if the good and the great are hearing that Ralph’s peers are doing a fantastic job, but they are not doing this, and we have asked them to do that then all of a sudden, some people or people in power are aware of the scale and complexity and importance of FM as a profession. A professional team sitting in there keeping you lot out of jail. So, staff it properly, fund it properly, provide regular training and we will keep you safe and the bonus is if you do that correctly it’s going to cost you less in the long run.
Referring to what RB said earlier. Capturing asset important factor and (36:09) the first a contract does confirm the asset and their condition because Met Office put this in the contract.

**These are our assets, and these are what we think they are in terms of a condition, define the condition using CIBSE guides.

If they disagree then we say okay well, you tell us why think that asset is degraded, and we may agree it’s a degraded asset but that allows us to take action. So, if you got a degraded asset that is lifed in the system for another 25 years and they say no way it’s rotting to pieces it only (37:00) going to last another 5 years then Ralph can take direct action to depreciate that asset so when it fails everyone knows it’s going to fail as it’s depreciated down to zero. So, it can work in contact with the finance systems as well, so they know hats coming.

** You will know this from your lifestyle planning which is a very powerful root if it’s done correctly! But getting people to agree on a standard that is very difficult as we know.

(37:31) One of the good things concept evolution offers the Met Office is an app they run called “FSI go”, but it’s quite expensive and the instance of the app needs to be on every device! Well, the Met Office do not want this expensive so if Ralph has CBRE running right this way across a building and there’s how many engineers then Ralph does not want this expense. So maybe the way forwards is to enable his own engineers with the app as they are supposed to go around testing these sites once a year or albeit every two years, they can identify the asset take photos and drop-down box tick, tick, tick condition “B” done! And that recorded which is pretty useful if you can look at all the condition “C’s” & “D’s” and say a lot of emergency lights are now a failing let’s invest and make them all self-reporting.

(38:40) Ralph wants to drive the smart technologies.
>Lost sound and Quality!

(41:32) Rich and his team from UWE talking about how we could do a completion tender. What was the process? How did it look? And you the Met Office got a decision based on quality! Where quality was 70% of the bids and cost was 30% in terms of bid evaluation.

*You get what you pay for!

Baby steps do a small building first! Can they afford not to be compliant? (Spiker water systems). Call Ralph back and he will arrange a visit and for John Trotley come along & walk you through the system.

RB Questions have you digitally scanned a building/
*3D scanning – yes balloon shed fully scanned on BIM model, revit based using original drawing and then superimposing a cloud scan over the top of it just to refine the geometry. So that you can then go (59:54) to market, so yes Ralph done that once and from that they got maintainable assets and something that’s already becoming developed design. Ralph has also attempted to do a really cheap point cloud scan of the building so brought in a firm which said they could do it for £1400 so Ralph thought this isn’t going to be very detailed and boy was he’s right, it was absolutely appalling, and you would have been better off looking on google earth. (1:00:24).

(1:01:05) Probably do it again or another radar shed using a drone but it’s only as good as having smart sensors linked to the model to tell engineer where the fault is occurring and Ralph thinks that some way off, he thinks currently but suggests that’s perhaps the smart phone for instance may show you the fault with them?
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Google Meeting AS – JPL (25/11/2020 – 7pm/8pm Wednesday.


(AS , MRICS, Partner and Senior Manager, Partnership, Head Office Facilities, JPL Property Development).

[15:30] AS – States he was reflecting on my questions which I previously sent him via email (22nd Nov 2020) and suggests they are a good set of questions. 

[15:49] RB – Yes hopefully that is the case. I have completed a lot of research which has included reading academic type articles covering this subject dating back to around 2012. Unfortunately, these are technically very dated (in relation to perhaps today thinking) however, they do provide a valuable insight into the early mind-sets associated with industry perceptions of BIM and FM.

[16:23] RB – Suggests that from his initial research, patterns can be drawn upon that highlight a tentative willingness to embrace BIM within a design and new build perspective but highlights a gap in research associated with the existing build environment seeing any benefits. RB – has spoken to a discrete sample of practitioners within the public sector to ascertain a more contemporary approach to research evaluation.

[16:31] RB – Describes that fundamentally the UWE are growing as a University in respect to BIM. The in-house team led by colleagues provides training, advice and guidance to UK and European practitioners that supports the driving of BIM from a practical perspective whilst trying to highlight and demonstrate the associated benefits.

[16:40 RB – Ask AS if JPL also benefit from having a dedicated in-house team? Describing that the UWE BIM team in essence endeavours to provide a collaborative approach BIM that’s also developing further understanding and techniques into how BIM and existing built environments.

[17:03] RB – Mentions that the reason for reaching out to AS is in part due to his research and latching onto a recent article/ interviews conducted by BIMPLUS dates 12th July 2020.

Titled: “AS, JPL – responding to the challenging office environment”.

[17:09] AS – Yes, that was conducted by one of our suppliers actually, who asked Andy as an expert if he wouldn’t mind being interviewed. Andy kindly agreed to the interview and he was sent a load of questions which he answered and then the supplier published it on his own site which then allowed BIMPLUS to pick it up and re-published the interview, to which Andy was amazed to see how these types of discussions if you like grow arms and legs.

[17:38] RB – Suggests a common interest related to the article content associated with Andy and the challenges and opportunities of an existing built environment and how this estate could benefit from being digitalised.

[18:07] AS – Describes his background as being a construction project manager by trade, moving into Facilities Management. Basically, running the head office campuses for John Lewis Partnership property and development department. This allowed him the opportunity to run and operate an office in Victoria and an office and distribution centre in Bracknell. He describes the Bracknell site of being around 70 acres (283, 290m²) of space which incorporates a distribution centre and office environment.

[19:48] It has area 3000 workstations in the office area a then London Victoria is slightly below that with around 2800 workstations. He explains that as Bracknell is spread out as a campus he suggests that it may not be to dissimulate to the university UWE campus in the way they run and operate it.

[20:49] AS  – goes onto describe the Bracknell site/ campus of a lot of buildings and outdoor spaces opposed to London Victoria is basically 12 floors all stacked on top of each other due to space density constraints being imposed. On the whole two very different propositions as such, from a facilities management perspective. Andy states that throughout his career he has always had an interest I modern technology and design and seen the benefits of using things like ‘REVIT’ and ‘CAD’ in its early days to support his roles. When he started building things, he mentions that they were using and working on drawing boards. A manual and time-consuming process to building design that RB can also relate to in his early career. Andy suggests that the evaluation of ‘computer aided design’ and then really ‘building information modelling’ turned the design industry on its head.

[21:04] AS  – Suggests that in two organisations now he has championed the use of 3 dimensional tools that support a graphical representation/ image and the scheduling of data to support the graphical representations.

[21:13] AS  – Describes how from his experience how he’s seen the benefits through construction programmes and being able to schedule information. The challenge however, when it comes to dealing with the ‘existing estate’ is that it costs so much to get us to that, or a similar state represented by new design and build. Andy describes the need for a catalyst to get you going so in terms of RB question about setting up a realistic budget.

[21:47] actually we did set a realistic budget, but it came off the back of needing to do a piece of work. So that piece of work for Bracknell which AS  suggest as being the project RB is referring to under this study. RB – Confirms as being the case.

[22:00] A – The importance for this piece of work was that there was some pollution that had gotten into a water course and the environment agency came and pointed the finger at JPL (AS ) and said you must be responsible for releasing this pollutant/ chemical into the water course and it killed all of these fish or is having a detrimental effect on the local environment etc.

[22:18] AS - was pretty sure they were not responsible for this as they had no reported leaks and it was not a chemical, they used or were familiar with leaving them a little perplexed. 

[22:30] the environment agency said this may be the case, but can we have a look at your drainage plans. So, it was at this point of course the maintenance team when rooting through the draws asking if anyone has or seen the drainage drawings/ plans. Unfortunately, Andy finds that the information they possessed did not provide the level of detail associated.

[23:01] so the catalyst for it was they were almost required by the environment agency to go and survey their drainage systems.

[23:08] AS  – Describes this at the Bracknell site as being a large project as they had to identify all the interceptor’s attenuation for the storm water taking into consideration that the flood relief for a road where they built a carpark over the top sort of thing.

[23:33] A states they had some form of Topo survey, which was basically a layout in reality that was complemented however, they really did not have enough data that reflected the site. 

[23:48] AS  – Plan was to contact a specialist he has worked with in the past ‘Digital Inc’, as he found them to be more effective than costs provided by the surveyors which were incumbent at the time were a company called Plowmancraven. So, what this allowed Andy to do was to get the budget assigned to Plowmans by getting a quote off them which was approved by a building surveyor. Andy suggested taking a look at the quote provides by Plowman’s and kicked it around in discussions they were able to ‘point cloud’ survey and use ‘drones’ and whatever else that was required on the site to help create the ‘big model’.

[24:36] AS  – Thinks that with all of this stuff, I guess referring to the existing built environment that you really need a catalyst to get going and, in their case, it was this pollution in the water course raised by the environmental agency. So actually, starting small they were able to ‘point cloud’ all the Bracknell buildings under this in great detail, just a form of building masses if you like although we ‘modelled’ the drainage.

[24:57] AS  – So in effect this gave them a more detailed ‘model’ representation of all the drainage and access points and an overall drainage plan. They then decided to model all of the buildings in a massing format, street furniture, roads and carparking etc. The aim of this was just get a graphical representation of that site in its entirety. This then provided them with the catalyst to include other bits to keep adding to the ‘model’ itself which includes all the data scheduling of assets into the model, thus allowing AS  to keep enhancing the model in support of the built environment. This will include adding to the richness of management of the site. The idea going forward is now if they intend to have any spare money they intend to keep developing and updating the model and the data surrounding it.
[25:50] AS  – Describes how from following on from the Bracknell site that they have also survey scanned London Victoria site. ‘Digital Inc’ conducted this for AS  again which they have now spent a lot of time ‘modelling’ all of the furniture, floors allocating numbers of every desk allowing them to benefit from scheduling occupancy and data associated with the whole building. So, whenever anyone needs information, or they re-configure that space then they can quickly get new data with that for example someone needing to go through with a highlighter counting how many people are sitting in teams working on that front.

[26:30] AS – states that you really need, if you’re going to do ‘BIM’ properly and use ‘BIM’ properly then you really need these formational catalysts. Don’t do a ‘BIM model’ and say how do we want to use it? Or right what do we want to do with it? We should perhaps be thinking how we deliver that.

RB – Build up the basic model by completing model mass of Building representations and then enrich them all or the model that is with data through a process of development. i.e., lifecycle/ refurbishment, re-configurated for new use etc. Learn then how to use and interpret the model representations for their intended purpose and benefit not just a 3D model but an information model applying this into right stages. 

[28:02] AS – Refers to RB thoughts as‘re-absorbing’ whereby you put all the pieces together and eventually you end up with a full picture. By completing their process little by little then and do it for the right reason then it will add value.

(Critical thinking element) RB – Fundamentally feels that we need to consider all the conceptual processes such as point cloud, laser scanning use of drones, thermal imaging and augmented reality techniques in order to capture, record, operate and manage our existing built environments leaving a legacy of valuable information the is digital.

[30:15] AS  – Tends to agree and suggest we really need to use the step-by-step processes s=described as the ‘golden source’ of information o that single source BIM ‘model’ don’t start another spread sheet unless it’s part of the modelling, you know where to hold your data there got to be a real ‘structure’ approach.

[30:35] RB – Describing costs associated with the UWE for just a scanning process as being in the region of 60k representing a building that was around 10,000m².

The information captured as part of the scanning process was fed back to the UWE inhouse BIM team who then represented this in a model. Maybe not the most cost-effective process especially if you’re trying to gain stakeholder buy in. Potentially worth looking into the investment of the relevant scanning equipment and training an in-house team to complete a process of existing building surveys! (more of a cost-effective approach and also you get more of a personal interest in ensuring the accuracy of data collected thus avoiding any potential of data gaps and risk of needing (business case for scanner!) to re- survey causing further disruption and costs.

[32:09] AS  – Agrees in principle that this is still a challenge referring to a conference he attended well probably 5 years ago now and to his knowledge no one has cracked this get is ‘How do you survey unseen’ So it’s great to be able to scan an office until you get a false ceiling and that’s where the challenge comes in particularly if you’re operating in these spaces you can’t sensibly access and survey because quite simply the ‘point cloud’ will not penetrate it (false ceiling) (voids) etc.

[34:42] (Condition survey status and existing o&m status!) RB – Mentions that a topic of concern within the UWE for example is ‘Condition Survey’s’ or lack of which may be due in part to a lack of existing o&m information being available or recorded in a central source. Speaking from experience it seems a lot of information has been lost or misplaced in relation to both Conditioning Survey and o&m status. Whether this is a result of a poorly managed and manually recorded system or approach remains to be seen however, the effect of experienced staff leaving or referring may have a bearing or information being taken with them as they could have inadvertently been carrying it around in the boot of the car or storing it in a garage. Hence the need for a ‘Structured’ and ‘Standardised approach’.

[33:19] AS – Agrees and states that RB has indeed identified a massive problem in that people or information does get stored up here in the memory, you know Fred knows where the water main is and the tap that controls the site and then Fred retires and then you have a problem after a year such as any information on the items/ system in question, has anyone got Fred’s number.

[33:41] AS – Suggests that the other problem is that FM teams are great problem solver’s meaning they often problem solve in the moment, you know make do, keep it cost effective and the thought of let’s keep all the point references, well shall we go and find the point references now we will just get them to order and to tell us what point it is what do we need a ‘BIM’ model for, I will take it to the shop and if we get it roughly right that will be fine.

[34:23] RB – Describes other complications to the process relating to existing built environment especially with those that pre-date 2000. These buildings have increased risk and require management of ‘Asbestos’ stating that the collaboration of these specialist teams needs to be given consideration. 

[34:48] AS – Mentions that they capture especially in their London Victoria site the asbestos that is identified in the ‘model itself’. So, it’s not just being tag/ labelled in the affected areas of the building itself but digitally represented accurately in the model.

[34:57] AS  – This allows them to schedule this warning/ hazard information relating to asbestos management accurately prior to any works such as taking a wall, we know because it’s digitally stored in the model that we can’t undertake this process, or the process needs further intervention by others such as asbestos removal teams to allow the works to proceed safely.

[35:21] RB – Asks Andy if this model information is linked to their asbestos register? 

[35:27] AS  – Suggest not stating that it’s almost a duplicated of the asbestos register as it’s a requirement in law to regularly keep this register updated with regular inspections/ surveys to gather required information.

[35:33] AS – Suggests they use socotec asbestos limited to manage their asbestos and they have their own platform and states that the ‘interoperability’ of the two systems is just not there!

[35:48] RB – Agrees and gives Andy another example experienced with CAFM platforms not having the required level of interoperability functionality with the model. 

[26:13] RB – Goes onto describe the challenges he faced with regards to the UWE CAFM Archibus System in the way that the information, assets data had to be collected and transferred into the system in order to aid a more accurate representation and output of PPM/ reactive tasks.

Notes: Dissertation Recommendations could include further case study analysis into improve platforms that offer enhanced interoperability functionality such as what RB is investigating with regards to ‘team view’.

[37:10] AS  – Ask how to find example there are lots of small maintenance contractors that won’t have you know ‘BIM Capability’ using his electrical contractor as an example who does not even have ‘CAD’ meaning Andy has the architect to model it all up for him, which I suppose in its self or a stroke of genius as it saves him buying the design package, paying for annual subscriptions licenses and also costs associated with training and education etc. the electrical contractor if asked to design a project wouldn’t know where to start but he knows where to put the lights and he can lay it out physically however, would be unable to model it.

[38:00] RB – Agrees with Andy and adds by saying that FM tend to struggle here because we tend to, we often rely on sub-contractor specialisms because even if we use and rely on term incumbent contractors, we seem to fall short of the experience, knowledge and competence required for many tasks. This could be a casualty of bidding war to capture a blue-chip contract which includes the kudos of having it but in order to become a profitable business maintenance operation. 

[38:10] In RB’s opinion term contractor are often exposed to recruitment constraints through capped or agreed levels of salaries associated with mechanical, electrical and fabric related personnel. (Technically you get what you pay for) This may be a constraint of their own management or an agreed or contacted obligation from the client who is technically paying for a specific service agreement. In RB experience the UWE term contractors have never been on board with BIM and models and unless mind-set change from stakeholders’ perspectives it will be a challenge to engage any term contractor into the benefits of BIM integrated FM seen, recognised and educated to them, even with the benefits of an in-house team. 

[38:38] AS  – States John Lewis externalise their approach to BIM and have to make sure they have a budget available to cover this aspect or job to continually update all the BIM information with the as built.

[38:54] RB – Describes to Andy other conversations held with the Met Office that perhaps run and operate their sites differently. Basically, the Met Office has engaged in the scanning of their existing built environment incorporating the data into ‘BIM Model’. The main head office weather supercomputer is based down in Exeter however, it relies upon important information be fed into it from various and very remotely located weather stations set ups around the UK. The Met Office are seeing the benefit of BIM/ CAFM Integrated FM by also incorporating the ‘IOT’ (Internet of Things) Sensor technology lights systems that self-diagnose faults and report them back to a control team. His means that they can better assess the need to send engineer to site to investigate feedback and quote for repair with return visits etc b saving their money through use of technology available to them however, they have to take into cost implications associated with ‘IOT’ sensor technology and assess whether it is feasible under a lifecycle business case model. 

RB – Also suggests that the Met Office Estates/ building portfolios may not in many cases be similar to that of the UWE or JLP. RB would describe the Met Office sites around the country as being constantly standardised in that they are replicated with exactly the same, complete with asset makeup. RB tells Andy about all the teams that make up the UWE Estates, BIM compliances, energy, health and safety, room management, helpdesk CAFM etc.

[42:10] RB – Replies back by saying it’s not quite as straight forward as that but there is some form of conceptual road map that depicts the UWE Estate from graphical perspective as model blocks. RB suggests that from this the idea would be as previously discussed to schedule in all the asset discussed to schedule in all the asset related information to en-rich the model with the complexity of data bringing the model to life. RB explains this will be ongoing process of adding detail such as floor, doors, windows, mechanical and electrical elements and information. All done through laser scanning ‘point cloud’ and physical survey.

[43:24] RB – Suggests that the interesting thing from his perspective that he’s seeing tangible benefits however, the buy in from stakeholders remains a constant challenge.

[43:53] AS  – Asks a question to RB by asking if the constant challenge with attitudes that surround existing buildings, such as we can just let it run or we can just touch up paint work etc. Andy – asks if we find this mind-set effects our ‘BIM’ strategy or that, you are asking to model stuff that then or elements of the building that suddenly you can’t get a business or way to be able to do it?

[44:07] RB – Replies saying this could indeed be the case relating to some aspects of the existing estates. Describes the situation of the Glenside campus a late 18th century ex NHS hospital. The property has been re-configured over many years to meet expectations of end user however, have we just papered over the cracks? Constant battle with limited budgets to just keep buildings operational. Lack of future insight or major refurbishment plans in place.  Minor or sporadic areas redeveloped with input from NHS but that is part sue to the medical course offered and delivered by the UWE. Perhaps a consideration would be o partner up with NHS and invest in this asset. We seem to go around in circles with repairs and asbestos management that offers a structured approach.
RB – Also mentions limitations associated with timeframes, for example ACS have limited windows of opportunity between student contracts. So, if you only get a few weeks how you can contemplate major works. Contractors understand this constraint and inevitably this invites additional costs to complete works required. We also experience a lack of willingness to scan/ survey during these types of refurbishments even though in future both time and money will be saved. We are also exposed to additional costs during projects due to gaps in knowledge or data because as works progress the contractor finds a major issue that once identified needs to be repaired all within the same timeframes hence even more cost against a contingency budget. Basically, it’s a budget juggling act, as one area that demands or requires more expenditure for one reason or another area hence the lifecycle strategy never catches up and is continually adjusted you suit. We also then have to take into consideration reactive works or unexpected failures, fire damage, floods and power failures. So, I guess what I’m trying to say is BIM integrated FM falls down the list of priorities until its value is recognised by how it will save money in the long-term operation and management of existing built environments.

Existing buildings/ estates demand an increase inattention from spend to labour expectations, so the challenge is like what AS refers to as need for a catalyst to capture buildings/ assets digitally.

[45:27] AS  – Do you find your stakeholders are asking lots of questions about what’s this ‘BIM’ line on the cost plan and things like that? Andy – suggests from his experience construction people are the worst because they say we don’t need the ‘BIM’ element as we can save you money because we will just go in and build it.

[45:45] AS  – Goes onto saying that really the ‘FM team’ should be the ones driving that digital agenda because it gives them benefit in time to come.

[45:54] RB – Agrees with this notice suggesting it may not be ‘BIM for FM’ but ‘FM for BIM’ with FM controlling the build environment with a digital mind-set or culture.

[48:49] RB – Asks Andy from starting in 2018 how long did it take to complete the project in Bracknell and Victoria?

[48:58] AS – Responds by saying that the ‘BIM Model’ is never complete with regards to a ‘BIM strategy’ but that particular element associated with the drainage survey took six months work to complete with no real pressure being place on contractor to complete. Difficult to quantify exactly as the building remained operational 24/7 tasks had to be completed at irregular times allowing things like the drainage footage being done on weekends when carpark was not as full etc. Andy suggests they also had weather constraints, but it took around 4 weeks of scanning total but again not all the works were completed in one fixed time period hence it is taking around 6 months to complete. Andy – Suggests that the modelling element took the longest time taking around 3 months with a further 3 months tweaking and fine tuning the model. Getting things like drainage right, all of the output right and labelling etc. so in total around 6 months. 

[50:55] RB – Asks Andy if following these projects if they are starting to see the benefits of this programme?

[51:09] AS  – So certainly the team are using it every day, so my stakeholders are end user and probably the maintenance team to a certain extent referring to them as being an end user. Whilst we have got the discipline of knowing where the information is which is supporting us running a more efficient space because with this detail of information it allows us to turn things around quicker. The quality of presentation is better meaning we are not photocopy little bits of drawings onto things or whatever. Graphically the visualisation of things is much better and much more intuitive meaning people really understand them and you’re not just preserving drawings. So yes, but would they identify a tangible benefit Andy thinks is still an interesting question and one he does not know the answer to at the moment.

[52:08] AS  – Suggests BIM for FM is certainly making life easier, is it making life cheaper, you only build it one way, so you never know do you.

[52:15] RB – Describes the use of different platforms such as Revizto and GFM (UWE’s current term contractor incumbent) IFS software which have limited interoperability functionality with UWE CAFM systems. Even the UWE WR system is a separate platform called ‘Touch point’.

[53:45] AS – Yes this can be a contentious topic and goes onto say that their current term contractor is CBRE. They also use their own bespoke platform which comes with the contract. So, holding asset information because that’s the other thing that is not well managed is asset information. So, if you ask an asset supplier/ contractor to come in as you need an asset survey done, you end up with stickers everywhere and nothing above the ceiling gets taken notice of. So, one of the things Andy wants to do or he did do in new builds was an asset verification from the model, so let’s label all the assets in reality rather than as the jobs finishing, we send a couple of operatives around with a ladder and a roll of stickers and a clip board.

[55:20] RB – Concurs with AS in that the process of sending operatives around with stickers and a clip board seemed to be the norm. Although, moving forward with improved understanding that this approach did not work we as an estates team seem to be reviewing the data in the model and asset information held in our CAFM system, tie them together and refresh the assets or data out on site.

[55:33] AS – Agrees with this as FM’s need to drive this process and that’s where he thinks how you do drive and identify value? Well, it’s the quality of information but actually you could never put a price on it. Andy mentions that they did some stuff with ‘Revit’ looking at JPL branches. So, if you can imagine a JLP branch which is around 1000,000/ 200,000 squared feet something like that. So, we would complete ‘Revit’ survey or ‘Point clouds’ getting somebody to build the models for us. As the equipment changed and moved Andy had an operative who found a way of linking a ‘CAD’ file with a ‘Revit’ file so it would automatically update. So, we had people in shops that could operate ‘CAD’ and they would go around and plot all the fixtures wherever they were, and we would feed that through, and it came up with a routine using little bit of processing software. 

[56:40] that looked at the 2D layout, looked at the 3D layout and if there were discrepancies, you would move the 3D layout to accommodate and replicate the 3D layout and then we could schedule it. That process scanned weeks of processing and counting suggesting that’s a good business case to do that. 

[57:20] RB – Suggest Revizto came provided benefit during the COVID-19 situation by allowing us to digitally access the model remotely and apply signage, gel stations and other valuable information rather than printing off a drawing as manually attending site as a survey process. The term contract had more accurate information to then install their information on site again saving weeks of work time and labour resources.

[58:21] AS  – To build on that JPL run an animation of areas making a video so people understood what they were going to get. So basically, it was a walk-through helping people to visualise, which they set to music and talked about what life was going to be like so in effect they used it as a communication tool as well.

{59:00] AS – Suggests you would not have created an animation if you had not invested in a ‘BIM Model’. That’s what I mean by when you talk about nobody ever regrets, well I don’t think anyone ever regrets doing it you just find other uses for it and like you whether it’s being asset verification or whether it be COVID secure layout you’re just finding more uses for it. It’s very difficult to put that into a business case right upfront saying I want to scan this building because we have got a pandemic around the corner and it will help lay the signage out for it.

{1:00:09] RB – Suggests that BIM has a relatively positive track record with regards to new build and asks Andy if he thinks attitudes will or are changing towards the use of BIM supporting FM in the existing built environment?

[1:00:39] AS – well eventually there will be more spaces with models as the basis of the tool being used to develop them. Although AS still thinks these will be this challenge between construction and FM in getting the FM information put into the ‘BIM Model’ so that the FM team can use it.

[1:00:58] RB – Mentions COBIE drop information process asking Andy if he has come across this concept or used it in any way?

[1:00:59] AS – yes and no but it’s not something they prescribe as part of their ‘BIM’ execution plan but hopefully we can build into it although essentially, they have no use for it as they can’t do anything with it once they have got it and with investment in building space at the moment is fairly low not only with COVID but retail downturn things like that. So, you’re in a declining market. Anyway, so there’s a little bit of make do and mend. Andy thinks that as we generate more data people will find more ways of using that data and it will evolve but suspects we are on a long, long journey.

[1:02:19] AS  – Responds to a further question from RB asking if they are considering rationalisation of existing building stock? Responding with he thinks the pandemic has accelerated a lot of change that was probably ready to happen but had no cause to happen and the pandemic has certainly accelerated that, so now for example when my kids go to university will they even leave home, or will they just go to university at home?

[1:02:50] RB – Agrees and thinks blended learning processes will take over and perhaps this will be the same in respect to existing building stock. Find other uses for existing buildings? RB – Ask AS, about ‘Condition based maintenance’ and the ‘Internet of things’ is this a concept you are familiar with are adopting at John Lewis?
[1:03:53] AS – suggests they do a little bit of condition-based maintenance certainly in Waitrose. So, refrigeration is based on condition which is a very sophisticated system that monitors and measures etc, but it’s not linked to a ‘BIM Strategy’ at the moment. So, at Waitrose every fridge/ freezer meter has got a sensor in it and often the monitoring company and we currently us a company called ‘Mex Controls’. They will know about a fridge fault before the branch do and they’re ringing the branch saying we have noticed a fridge fault here and just to let you know we have dispatched an engineer to you, and they are on their way, but you may want to move your product to prevent for example your ice cream melting in an hour. So, it’s about real time monitoring so when condition goes out of boundaries, they can do something about it. 

[1:05:01] AS – Responding to another question by RB relating to CBRE suggests they are in year two of a five-year contract. This being the first time they have outsourced maintenance, whereas before that we were internally delivered. AS suggests they use a gain share approach in that if they save us money then we got some of and they get some of it back as well! RB notes this is very similar to RJ’S approach with CBRE at the MO.

[1:06:00] Interview concludes with thanks to AS for his valued time and input to the process.

[bookmark: _Toc68596201]Sample C – Academic and BIM Group

Chat transcript notes: (24/07/2020)

(CG) FM world not that good at managing change.
(5.11) – World of FM
Conference: BIM for estates CG attended suggests UWE as a campus display! Or is recognised as a best practice client that CG refers too when presenting advocates UWE in her lectures to upcoming students also.

(6.26) An information model that soft landings concept never cease to amaze Christine who’s been party to BIM for FM and UK BIM alliance for around 3 – 4 years on the periphery and the buy in from clients is still minimal Christine,  describes her experience of this as being fits & starts and a lot of token gestures, but even and this is one of the things she says quite frequently even if there’s been a really good information model created by virtual of a project delivery when it comes to operational stage if there’s not, let’s say an educated FM team out there. If there aren’t my estates personnel that have been party to that project, again it seems that all of that effort is potentially wasted. Yeah, there are loads of advantages in terms of use of information modelling but the project delivery. The potential for the future is still largely ignored and the people that really seem to pick up on are the people who sell this software and that’s not necessary a bad thing but of course as a client if your co-opted or persuaded by a supplier you’re not all always coming from the right direction for the future, so I think the whole scenario is really, really challenging.

Over and above what Christine refers to us the practicalities of FM or estates management, she thinks again there’s a huge potential out there to adapt those models in terms of managing a supply chain, managing procurement and not withstanding sustainability but it’s slowly, slowly one step at a time isn’t it. In terms of let’s get these people understanding the basic premise of the information model in the first instance and I hopeful your aware BSI have in the last 2-3 weeks have launched the next stage of the ISO, obviously 19650 pt2 in terms of delivery, most recently they have published because its and ISO standard, most recently they have delivered part 5 which reference security, pending some parties suggest August and some suggest September but pending is pt. 3, which is probably the stage you and I are most interested in which is the operation stage, but with her BIM Alliance hat on again she has the concern that we are always sharing information with the interested parties, so if you knew this was ongoing likewise you and I would probably click onto the BSI website and they have done some really good presentations in terms of part 5 and no doubt they will in terms of part 3 however, are we getting to the wider world? Christine suggests she doesn’t think we are. Again, she doesn’t think it’s going to take some considerable time. There’s lots and lots of people out there professing to be experts in a field but we are all very incestuously talking to each other all of the time. (10.59).

When she raised this question with UK BIM Alliance in how do we widen that message and in our virtual world and our connected world it shouldn’t be (11.15) quite so difficult to do that you know without all that trudge down to London to go to an exhibition and listen to something, but we are still only sharing that with people who are interested and the response that she was given because she is communities lead for one of them and she chairs BIM for FM and the answer was well if you have an event you share it with your community and again Christine is of the opinion that’s the same people that are interested. What about the people that know nothing of this? (11.48) So again really, really challenging!

(11.58) In terms of case studies Christine is always seeking best practice case studies because she does not actively work in construction any longer. She can present a case study with no bias and it’s not because she done something or someone’s she knows on a project that she’s involved in. She can be quite objective in terms of what she asks people to present but a really good example if like of a lack of case study.

(12.28) Christine put her hand up to be involved in a project relating to BIM for housing associations and she thought that would be a really good correlation because housing association, to state the obvious have substantive estates and it doesn’t matter whether it’s social housing, rented, owned but there are substantive estates which need to be managed in a strategic way and day to day way and she volunteered to assist in the provision of case study and part of her personnel thought process was she could share those case studies with the wider world. Even with a world that is very focussed on terms of the delivery in terms of housing association there were hardly any case studies brought forwards and that was. Several of us around a table trying to seek those case studies and I think part of the answer is which Christine has been given several times over and in part she understands it, but we seem to be going round in circles from whether you call it estates or FM’s perspective client and you do need that material from clients. Clients are loathed to share information because they have/ haven’t been doing or using information modelling for long enough to have really relevant data. Everybody disappears behind their own personnel brick wall and waits to see someone else present something and we don’t then progress further towards, so Christine asks me if that’s where UWE sits at the moment?

RB – Suggests looking at or using Twinview as a potential case study in or to derive information and data that is relevant and useful in a meaningful and more useful digital FM world, using campus buildings as an example. CDBB digital twin element is this the same “SMART BUILDINGS” future?

RB suggests from his opinion that the UWE is still ways off in getting information and results out into the wider field/ world. We seem to work in Silo’s with very limited or narrow thought process into excepting technology whether that’s because of knowledge limitations or the fact that we are waiting for someone else to present more case study information. Who knows but another aspect could be the lack of stake holder appetite to spend large amounts of money into these concepts especially now we all been affected by COVID-19 pandemic?

Christine has reference this before and suggests she thinks there’s quite a big disconnect between soft landings and information model not necessarily in your own UWE case but she thinks soft landings is sold as a premise, BSRIA are for ever talking they are the experts in the field in terms of soft landings and it’s seen as having quite a good hand over mechanism short term, it’s seen as beneficial in terms of generating post occupancy  reviews but it doesn’t link the use of the information model very well. Christine tried and this was considerable time ago probably talking last summer, tried to pull together a presentation particular to soft landings and she did let software provider present but that software provider who wasn’t selling their product, they were talking about their past experience and again the two really didn’t marry very well and to Christine they absolutely should do because that premise of soft landing bringing someone from FM or the estates involved into play, really, really early on but this is one of the major criticisms of our industry is we are so siloes and yet in terms of virtual information modelling, we are just going round or we are within them self-same silo because one thing to mention that Christine is looking at as part of UK BIM Alliance and it’s one of her colleagues who’s leading on this is we created all of the BIM 4 groups so Christine is BIM 4 FM and Mike Ford is BIM 4 Estates and you have probably come across Hadeel from Coventry and she part of a leadership team with Christine and she’s part of BIM Estates. Now FM and Estates they correlate, they are almost you know just slightly different terminology we could talking about the self-same thing, in that are we talking about university Estates or are we talking about NHS Estates or Housing Estates, quite literally and by virtual of all these different Silo’s we have created as specialist interest groups actually we are all repeating the same thing but we are not pulling together and Christine finds this a struggle as well and unfortunately for you and I we can only help promoting best practice none of them have CDBB and the hierarchy of BIM Alliance do up to a point but you and I are not empowered to say this is the best way forward the best we can do is share what we know, it might be something we have been involved or something we have confidence in from  others and share it with that wider audience. (Struggle or challenge Christine suggests).

RB – asks Christine if the CDBB will be eventually in a position with UK Gov to perhaps standardise a more shared digital approach very much like that seen when they evoked the BIM mandate 2016?

CG – Christine has a mixed view there because CDBB comprise employees which is the University of Cambridge and it’s got a title and Christine knows some of the people that she has come across in different facets. They either have to speak on behalf of CDBB or on their own commercial right if you follow me there is a commercial line to follow and it’s because CDBB has funding and its government backed it comes from a slightly different perspective as the UK BIM Alliance and everybody in the UK BIM Alliance is a volunteer obviously some people get paid but virtual of their own organisation and they have more time to give, and I suppose they have commercial or vested interest there. There’s a whole host of people like you and I and Hadeel who just get involved because again we want to share best practice.
So loathed to agree or disagree with you in terms of CDBB because they come from a slightly different perspective and Christine thinks as she was listening to something the other day and again about “Digital Twin” and again it was an online presentation and you have 3-4 people online giving their perspective and again this applies to almost everything across construction until we have a complete consistency in terms of message Christine tends to think we are always going to “Not going to say fail” but we are going to struggle with some of the challenges and she frequently says and people look at her and people say no you can’t say that but she frequently says I would mandate things and she doesn’t just mean as the Gov mandate because that, the original legislative, there are lots of words out there from our Mark Farmer and Judith Hackett in terms of we must use BIM and that’s all they say and I guess quite rightly that’s all they say because theirs’s are high level reports and they can’t be prescriptive within these reports. But of course, people walk away and say well we are using technology surely that’s BIM and that again isn’t taking the information model as far as you and I perhaps would prefer and would like you know many more advantages of taking the information model a stage or two further so Christine would like everything mandated! Even if we go back to the British Standards, they are not pre-requisites you don’t have to use them do you if your party to a contract, they can be specified in the contract which then gives them a different stance, but they are not mandated which makes life difficult, so Christine would mandate and she guesses that the current life example is people don’t know where they are going in terms of wearing face masks, I think is effective today or tomorrow. If it was crystal clear your breaking the law if you don’t as we now have seat belts and at least everyone knows where they stand, and they work forward from there. But Christine can’t mandate, and neither can you (RB) all we can do is keep recommending and that wider world that isn’t informed simply has to become informed otherwise they are breaking laws but without going off on a tangent that would be one of Christine recommendations.

CG asks RB where he is with what he’s trying to produce?

Developing a literature review, and currently reading through a lot of articles and research papers around the topic, describing how experience of the current UWE team contractor is difficult to manage as they are not on board with BIM or any digital concepts that may support them in providing a more innovative service back to us the client? Very much day to day paper/ excel format no logic towards how things that get replaced in an existing portfolio/ estate need to be approved and also link to CAFM Asset allowing the new to replace old (recorded) and update lifecycle etc.

CG Suggests we as a client could impose that whether that reduces the number of contractors you might use or limits you.

Gives example of a tier one contractor that if you observed from a distance you would think they are doing everything right but from an FM perspective I think your understanding what I’m trying to say Christine asks if we ever use “Willmott Dixon” (WD).
RB – replies yes, we have perhaps used them on projects in the past!

CG – Now “WD” and this is Christine personal experience as it might be very different with the guy’s UWE have used. As a major tier one contractor they are set up very well, they obviously got regional organisation and they seemingly have and Christine’s experience in this instance is with the north west of England that they seemingly have let’s say someone who leads and I mean real practical team, who leads in terms of their projects from a regional perspective and who insures, now whether this is financially driven or whether it’s all project she’s not wholly sure but they allegedly and she knows they do, do this in practice that regional lead. They manage this or liaises with individual projects in the delivery stage and that can be a mix of public and private sector and they ensure to the client but what they do is they unless they got a truly pro-active client and this may well work in your case, but unless they have got a truly pro-active client they create the model as you do with in an ordinary scenario as you do when you get to a hand over of O&M documentation, they hand that model to the client, now that might be the first time that client has come across that information model. How on earth does it help the client if they have had to buy into the model, perhaps they got no understanding in terms of software or the extent of information as an information model actually can be in the best possible way quite challenging to understand if you have not been party to something? So, if you talk or listen to (WD) they will say well we do provide information model but what’s the point in a model that you’ve never had any level of liaison that’s relative to client and the client is never going to use for the future in same degree. Whilst Christine is fully aware, they chase this up contractors for information to incorporate within the model what a lot wasted effort if nobody’s had a buy in from the outset just like the traditional O&M’s if you got an estates team or an FM team who are never involved within one of the projects Christine seen this on a public sector project. If you have got a client that is going to and it doesn’t matter if it’s stacks of folders or a fashion CD or it’s on a usb or a trusty integrated information model uploaded on a cloud, if you got people who don’t understand what that is and the pending use of that the advantages are it just sits there and quite literally gathers dust. Christine not sure if that happens on UWE projects but suggest perhaps it could be one of my case studies in terms of you may use that model and this is best practice and its quite difficult when it’s your own study and project but turn it round to a Willmott Dixon case study and clients who have further and bought into that model and further use that model compared to the number of clients who say thank you very much and never even look at the model.

RB – Agrees and suggests that the UWE are lucky to have Mike/ Josh representing them who provide detailed model to the contractor and support and are involved throughout a construction with the Met Office and Christine agrees another very good case study and it’s one of the few.

Met Office scan buildings and have them modelled knowing every aspect of them including detailed assets which they provide to contractors in relation to planned projects which include new and refurbishments but also use this information to their advantages when get a term contractor on board.
The Met Office they expect costs to come back from the contractor with no hidden or added extra! Because they know their assets their life expectancy, their condition, where they are etc… However, if a contractor comes back and says for example from reviewing asset and model data for example that your boiler in building X has or is reaching end of life expectancy prematurely the Met Office will say okay give us a report! They will and do with their current provider look if parts are available share the savings so if they keep the boiler operational by replacing parts and extending the life expectancy going new energy efficiency then the Met Office share this saving from a financial positive thereby making the contractor more innovative and sustainable in their approach to supporting the Met Office.
So, like you say Christine if another well-developed thought-out case study that is moving in a slightly different direction then the contractor model you have just described.
GC confirms she teaches across FM from a project management perspective and teaches relative to information modelling and it’s not just Christine, but they are forever telling standards and she’s hopeful I’m (RB) is doing this that when you do your research, go in construction environment get a wider world in terms of research to explore unlike a lot of other subject areas. So go to best practice documentation, go back to the drivers whether it’s Judith Hackett, whether it’s Mark Farmer “quote best practice example don’t simply revert to other academic papers and her comment is always if your quoting say which in someone head they might think is quite recent but to get something published by 2015 chances are drafted and written in 2013 and then that paper is so out of date and relative to our information modelling world because it’s so out of date and this is just between you and I Christine suggests other presenters/ other lecturers are still presenting out of date information because they are not part of a wider knowledge base say or UK BIM Alliance and they are still reverting to let’s say some of the original presentation that were provided by Mark. But in 2012 and there’s nothing wrong with what he said in 2012 it’s just we should be looking at what he’s saying today and that’s quite challenging.
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Quirkos is quite simply a software tool that supports the analysation of qualitative textual data formats like transcripts of interviews and surveys. The platform can also help the user with literature and systematic reviews. The software is straightforward to use, allowing the development of themes from inputted text, bubbles on the canvas screen then start to grow as data is added to them, allowing a quick visual representation of the key themes and patterns emerging.  The programme allows the user to interact with a very intuitive visual interface. The author found this complimented the manual processes of using highlighters and word documents to establish key themes and patterns from the recorded data. Once completed, the software enables the user to develop and share multiple formatted type reports with visual overviews as displayed in this appendix. 
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	16
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	Industry Best practice applications of BIM/FM
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	BIM-integrated FM sector adoption
	What is being done to recognise and capture these estates?
	RMB
	19

	COVID-19
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	BIM & existing Estates
	
	                             
	RMB
	22
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	RMB
	2

	BIM - Design and Build
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	RMB
	14
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	EIR, AIR's
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	15

	CAFM/IWMS/CMMS
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	20
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	28
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	RMB
	10

	Digital Twin
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	6
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	FM Processes
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	3
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	Net-Zero
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	10
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	RMB
	12
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	1
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	4
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	BIM Processes
	
	Industry foundation classes data model is intended to describe architectural, building and construction industry data.
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	Important aspect of Digital integration for estates
	RMB
	46
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	RMB
	1
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	1
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	1
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	1

	Project management
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	1
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	1
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	Industry standard software tool for maintenance related specification
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Text Sorted by Theme
BIM-integrated FM sector adoption
	
	Yes, we are utilising BIM, mainly asset information coming from the BIM models, but we map them into another format accepted by our CAFM system Planon

	
	Source: Hadeel Saadoon email question response



	
	You don’t need drones and thermal imaging equipment and expensive technologies, you can start simple by working on the existing processes first and using available technologies, we use simple laser measures for surveys to update our drawings and create BIM Models in house, we don’t know when we’ll ever get the budget for example to purchase a point cloud surveying machine but for now this works.

	
	Source: Hadeel Saadoon email question response



	
	Yes, CAFM systems need to develop quickly to accept BIM models and COBie standard files. Currently we export CAD drawings from the BIM models and asset spreadsheets to import into our CAFM which is very time consuming, so this is a major issue.

	
	Source: Hadeel Saadoon email question response




Interoperability
	
	Yes, CAFM systems need to develop quickly to accept BIM models and COBie standard files. Currently we export CAD drawings from the BIM models and asset spreadsheets to import into our CAFM which is very time consuming, so this is a major issue.

	
	Source: Hadeel Saadoon email question response



	
	I don’t think this is an FM sector specific problem. Adoption of new processes is a challenge for BIM experts, but we are experiencing these challenges in the design/construction stages just as much.  

	
	Source: Lukas Moravek email question responses



	
	There are a few CAFM solutions on the market that were made ready for BIM integration and few trying to adapt to it. However, in many cases the integration will rely on custom-built solutions and connections between CAFM, AIMs and CDEs. This will most likely be our case as well. 

	
	Source: Lukas Moravek email question responses



	
	This is not quite true. The UK is slightly behind but there are organisations that have their existing assets already modelled. Perhaps not fully modelled and linked to the CAFM system but nonetheless connected to some extent. The environmental agency, Heathrow, Sellafield, Highways England, Railway, the army, John Lewis, etc... University wise, UWE, Birmingham, Coventry, and Nottingham seem to have more than other Universities. Bath has some capabilities.

	
	Source: Ricardo Codinhoto email question responses



	
	Not a significant one. The use of programming and visual programming can resolve issues of interoperability. It is not as complex as it is for engineering.

	
	Source: Ricardo Codinhoto email question responses



	
	Yes, our system means we have to export data into Excel for re-import rather than having a two-way sync process.  At least for more recent projects, Archibus is holding the same unique ID as the models.  Even where physical labels are required, it's the model ID's which are being printed on the new QR code labels. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	​Archibus' is poor but as we know there are other solutions on the market.  We are managing to get-by, but it means the point data is managed has to move from Archibus to the model, so that it can be exported back out into Archibus. 

	
	Source: UWE Archibus-CAFM overview questions



	
	This is very common, and the main problem seems to be around linear database management. With a linear master asset register, if you have one missing / faulty link or unmanaged change (such as a replaced asset that was not archived), it can really derail a large portion of your information. Models have non-linear data structures, which allows you to understand relationships without direct referencing such as a linked list (as done in most CAFM systems and in the traditional COBie schema mind-set). A model also automates a lot of the manual checking required since it contains all the relationships of levels, spaces, assets and their respective types and quantities. When you have models providing you the relationship tree (non-linear database) all of the appended information becomes better managed as there is context to different hierarchies of components. 

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



Standards BIM
	
	It is not so simple. Universities, in general, fail to have an OIR bought in by the CEOs... because of that, AIMs tend to be very operational. You cannot blame others if you haven’t done the homework (i.e., a well-defined OIM, AIM and EIRs linked to the business proposition). HE organisations have yet to learn that their facilities impact service delivery. E.g. with covid, all universities had to adapt occupancy ratios. Those without a digital model had to work hard and manually to understand classroom capacity and then redesign teaching. Perhaps, this experience has shown them the importance.  

	
	Source: Ricardo Codinhoto email question responses



	
	BIM or information modelling is about modelling structured information, which basically means standardised structures. The standards are already there. The issue is that people need to adopt them (that is the issue).

	
	Source: Ricardo Codinhoto email question responses



	
	BSI have in the last 2-3 weeks have launched the next stage of the ISO, obviously 19650 pt2 in terms of delivery, most recently they have published because its and ISO standard, most recently they have delivered part 5 which reference security, pending some parties suggest August and some suggest September but pending is pt. 3, which is probably the stage you and I are most interested in which is the operation stage

	
	Source: CG BIM4FM transcript notes for Dis docx



	
	Despite positive feedback, uptake has been slowed down by factors such as:

 

Lack of awareness and skills in Opex contractors / stakeholders

Disconnected approaches to facilities management and fear of disruption

A lot of "noise" around the Digital Twin terminology, lots of misleading applications and incomplete pictures, lack of standards, lack of understanding of how AEC bridges with other industries in the world of information.

Good BIM deliverables are not common practice, it is getting better year by year, but the industry still hasn’t grasped the Information Management aspects of BIM

	
	Source: Romulo additional responses via email 6th Jan



	
	I think very few people even grasp this problem exists. The industry is way behind in digital capabilities and there are very few standards applicable. To my knowledge, the only significant standard for consistent information exchange in the built environment is COBie, which is in itself very old and proven to be very difficult to deliver or keep up to date between different systems. COBie also does not capture all the information flows related to FM and having a few errors can derail the whole validation of the exchange file.

	
	Source: Romulo additional responses via email 6th Jan




Asset Management
	
	Yes, we are utilising BIM, mainly asset information coming from the BIM models but we map them into another format accepted by our CAFM system Planon

	
	Source: Hadeel Saadoon email question response



	
	Yes, we face the same issues and we are trying to reduce them by providing templates to capture asset data, same templates we use to import data into the CAFM system and also the exact same unified template that is part of the EIR/AIR for capturing asset data of new projects.

	
	Source: Hadeel Saadoon email question response



	
	It is not so simple. Universities, in general, fail to have an OIR bought in by the CEOs... because of that, AIMs tend to be very operational. You cannot blame others if you haven’t done the homework (i.e., a well-defined OIM, AIM and EIRs linked to the business proposition). HE organisations have yet to learn that their facilities impact service delivery. E.g. with covid, all universities had to adapt occupancy ratios. Those without a digital model had to work hard and manually to understand classroom capacity and then redesign teaching. Perhaps, this experience has shown them the importance.  

	
	Source: Ricardo Codinhoto email question responses



	
	I've recently had a catch up with our friends at Prague airport, they've used lockdown to capture all their assets and model up their buildings using Revizto as a platform to asset capture.  Even as recently as last week we've taken a big step forwards in the way we're asking contractors to capture data on our behalf. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	We've done lots of work on conversion of the existing estate into BIM, we've got everything except the main building at Glenside. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	The report mentioned that laser scanning is a good way to capture assets, I'd disagree and say it's a very good way of capturing geometry, turning geometry into assets needs a human that can identify them.  This is often a lot harder than you'd think.  Socket outlet = easy, pipe = very hard to tell what system it belongs to and if it's flow or return, enclose box = is it electrical / fire alarm/access control? 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	We still have issues for example with poor hand-over between term contractor even though operatives generally remain the same through toupee processes. We generally have to conduct more surveys prime example usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes? The latest example I can give is Carroll court recently surveyed in order to provide a business case to the exec to re-develop because as it passed its useful life expectancy.  

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	If communication is breaking down within the Estates department, one step removed (the MTC) is going to be worse.  More generally there are problems with a 5-year contract, the rate of change means that even on medium scale building projects lasting 9months to 1.5years, there can be big differences in the organisation's needs from start to completion.  There is also an expectations gap as colleagues are consulted on their information needs and see them absent from handover information due to this lag period. 

 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	I maintain that good data management insists that data is only held once as a single source of truth.  Where information has a graphical requirement be that pipes on a water plan, hazards symbols on a site plan or a boiler shown on an elevation within a plant room, BIM is the only graphical database technology that can enable a single source.

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	the current BIM process yields far superior results to the Excel-based methods used in the pre-BIM era.  I would think he'd also welcome the BIM methods we have in place for Demolition, which translates to Archiving removed assets in Archibus. 

	
	Source: UWE Archibus-CAFM overview questions



	
	Twin-view capabilities to incorporate or support condition survey concepts, asset management and Lifecycle costings linking into manufacturer data and latest life expectancy information.

	
	Source: Romulo - Q&A BIM integrated FM strategies in relation to existing estates




Sector Mixed Approaches
	
	You don’t need drones and thermal imaging equipment and expensive technologies, you can start simple by working on the existing processes first and using available technologies, we use simple laser measures for surveys to update our drawings and create BIM Models in house, we don’t know when we’ll ever get the budget for example to purchase a point cloud surveying machine but for now this works.

	
	Source: Hadeel Saadoon email question response



	
	Bath uses a mixed approach. Re obstacle, yes and no. If the type of supplier is widely available, the UoB can demand the use of BIM, if is a service provision in shortage of professionals, Bath cannot demand its use.

	
	Source: Ricardo Codinhoto email question responses




Mandate
	
	Yes, I recommend reading this https://www.iwfm.org.uk/resource/bim-data-for-fm-systems.html?parentId=4D64E6F8-D893-4FF1-BABA5DF2244A7063 

	
	Source: Hadeel Saadoon email question response



	
	Mandatory standardization of building data (at least in a basic scope) definitely makes sense for state-owned facilities.

	
	Source: Lukas Moravek email question responses



	
	BIM or information modelling is about modelling structured information, which basically means standardised structures. The standards are already there. The issue is that people need to adopt them (that is the issue).

	
	Source: Ricardo Codinhoto email question responses



	
	There is a long-term aspiration towards a national digital twin from the CDBB. If this is to come to fruition, we need to have a robust workflow in place to digitise existing estates. This will do wonders for the industry and help immensely with other national goals such as the decarbonisation of the economy. It will be difficult to improve the built environment if we cannot monitor it and get FACTS instead of estimates. Doing so with digitised and IoT equipped model databases requires a standard approach, otherwise we will be struggling for years to come to roll this out on a national scale.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Mandate would like contractors’ wider field – impose onto them future contracts tier 1 – contractor.

	
	Source: CG BIM4FM transcript notes for Dis docx



	
	So loathed to agree or disagree with you in terms of CDBB because they come from a slightly different perspective and Christine thinks as she was listening to something the other day and again about “Digital Twin” and again it was an online presentation and you have 3-4 people online giving their perspective and again this applies to almost everything across construction until we have a complete consistency in terms of message Christine tends to think we are always going to “Not going to say fail” but we are going to struggle with some of the challenges and she frequently says and people look at her and people say no you can’t say that but she frequently says I would mandate things and she doesn’t just mean as the Gov mandate because that, the original legislative, there are lots of words out there from our Mark Farmer and Judith Hackitt in terms of we must use BIM and that’s all they say and I guess quite rightly that’s all they say because theirs’s are high level reports and they can’t be prescriptive within these reports.

	
	Source: CG BIM4FM transcript notes for Dis docx



Existing Built Environments
	
	This is not quite true. The UK is slightly behind but there are organisations that have their existing assets already modelled. Perhaps not fully modelled and linked to the CAFM system but nonetheless connected to some extent. The environmental agency, Heathrow, Sellafield, Highways England, Railway, the army, John Lewis, etc... University wise, UWE, Birmingham, Coventry, and Nottingham seem to have more than other Universities. Bath has some capabilities.

	
	Source: Ricardo Codinhoto email question responses



	
	We still have issues for example with poor hand-over between term contractors even though operatives generally remain the same through toupee processes. We generally have to conduct more surveys prime example usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes? The latest example I can give is Carroll court recently surveyed in order to provide a business case to the exec to re-develop because as it passed its useful life expectancy.  

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	Similarly, identifying systems and their subcomponent relationships can be really hard in existing buildings (I.e., does this hot water tap / radiator receive water from which boiler and through which pipe runs?). Again, even if you manage to survey these hidden areas above ceiling and in risers, you will not have the intelligent metadata and relationship tree that a model provides. That is the main problem we need to solve in my opinion, how do we get an intelligent model out of surveyed information? The best way of doing this to date is scan to BIM, which is not cheap but improving with AI and machine learning.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	The exception being technology companies such as Google and Amazon or datacentre providers. These businesses and their estates teams understand the power of data and the return on investment they can have with having a digitised estate. Perhaps more importantly they understand the cost of NOT having a digitised estate. 

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Providing an excellent service which is totally focused on the needs of the partners. This requires us to have both the tools and the knowledge to do this in a professional manner, and to ensure we can respond rapidly to changing circumstances. But I think I get the greatest job satisfaction when I hear that one of our team has gone above and beyond to support a visitor or a colleague in their work.

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120



	
	The really interesting bit for me is not only the way we use the fixed data sets but how we can start looking at predictive analytics and space modelling from AI tools to optimise utilisation, layouts and efficiency.

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120


Laser Scanning Technologies
	
	we use simple laser measures for surveys to update our drawings and create BIM Models

	
	Source: Hadeel Saadoon email question response



	
	The report mentioned that laser scanning is a good way to capture assets, I'd disagree and say it's a very good way of capturing geometry, turning geometry into assets needs a human that can identify them.  This is often a lot harder than you'd think.  Socket outlet = easy, pipe = very hard to tell what system it belongs to and if its flow or return, enclose box = is it electrical / fire alarm/access control? 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	Digital Inc’s work for the John Lewis Partnership will underpin the way we continue to manage our buildings into the future. 

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120



	
	2 terrestrial laser scanning teams

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120




Point Cloud Surveys
	
	Point clouds and survey technologies still do not automate one critical piece that a New-Built BIM project has, which is having all entities, spaces and levels mapped and identifiable. In a point cloud or similar survey, everything is a mix of shapes that blend into each other, there is no automatic distinction from a wall and all of its hosted outlets and equipment.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



Industry Best practice applications of BIM/FM
	
	This is not quite true. The UK is slightly behind but there are organisations that have their existing assets already modelled. Perhaps not fully modelled and linked to the CAFM system but nonetheless connected to some extent. The environmental agency, Heathrow, Sellafield, Highways England, Railway, the army, John Lewis, etc... University wise, UWE, Birmingham, Coventry, and Nottingham seem to have more than other Universities. Bath has some capabilities.

	
	Source: Ricardo Codinhoto email question responses



	
	I've recently had a catch up with our friends at Prague airport, they've used lockdown to capture all their assets and model up their buildings using Revizto as a platform to asset capture.  Even as recently as last week we've taken a big step forwards in the way we're asking contractors to capture data on our behalf. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	We've done lots of work on conversion of the existing estate into BIM, we've got everything except the main building at Glenside. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	The really interesting bit for me is not only the way we use the fixed data sets but how we can start looking at predictive analytics and space modelling from AI tools to optimise utilisation, layouts and efficiency.

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120



	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120


BIM/FM - Case Studies
	
	I’m sure you can find some case studies online I recommend checking the CDBB website and searching for Cambridge University work. We are working on publishing case studies as well of our work at Coventry Uni which will be on the CDBB website once finished.

	
	Source: Hadeel Saadoon email question response



	
	There aren’t many case studies available that could prove the theoretical benefits of BIM integrated FM and it’s up to the early adopters to demonstrate it. 

	
	Source: Lukas Moravek email question responses



	
	Yes, things are changing. The move of the deadline for net-zero building from 2050 to 2030 made councils to wake up that they will need BIM. There are many cases I seen. Fortaleza airport in Brazil, Municipality di Milano (Italy), All the cases mentioned above in Heathrow in the UK. The research on the Manchester library I led had 10 ROI mini case studies done.

	
	Source: Ricardo Codinhoto email question responses



	
	I've recently had a catch up with our friends at Prague airport, they've used lockdown to capture all their assets and model up their buildings using Revizto as a platform to asset capture.  Even as recently as last week we've taken a big step forwards in the way we're asking contractors to capture data on our behalf. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	I haven't seen much in the way of literature on the subject, 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	The exception being technology companies such as Google and Amazon or datacentre providers. These businesses and their estates teams understand the power of data and the return on investment they can have with having a digitised estate. Perhaps more importantly they understand the cost of NOT having a digitised estate. 

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates




Cultural Impacts
	
	Yes, working with people and managing their expectations and simplifying BIM as a process and technology that supports work is key for better adoption

	
	Source: Hadeel Saadoon email question response



	
	I agree more work needs to be done on the BIM for FM side.

	
	Source: Hadeel Saadoon email question response



	
	The only and main obstacle could be ability of small companies to work in advanced digital methods, but we can support them by our internal teams to update BIM/FM model.

	
	Source: Lukas Moravek email question responses



	
	I don’t think this is an FM sector specific problem. Adoption of new processes is a challenge for BIM experts, but we are experiencing these challenges in the design/construction stages just as much.  

	
	Source: Lukas Moravek email question responses



	
	Yes, things are changing. The move of the deadline for net-zero building from 2050 to 2030 made councils to wake up that they will need BIM. There are many cases I seen. Fortaleza airport in Brazil, Municipality di Milano (Italy), All the cases mentioned above in Heathrow in the UK. The research on the Manchester library I led had 10 ROI mini case studies done.

	
	Source: Ricardo Codinhoto email question responses



	
	Some resistance is normal as I mentioned above. However, FM departments often see the loss or personnel due to budget cuts and they are overloaded with work. Implementing a new management system based on BIM for large organisation is a very large task. It requires investment, planning. Trying to change the tyre while driving the car is never an easy task either, so I think is about having a plan for removing barrier and a change management plan in place. 

	
	Source: Ricardo Codinhoto email question responses



	
	BIM or information modelling is about modelling structured information, which basically means standardised structures. The standards are already there. The issue is that people need to adopt them (that is the issue).

	
	Source: Ricardo Codinhoto email question responses


Term contractor obstacles
	
	We have both in-house and outsources contractors, it’s not an obstacle as long as you draft procedures that can be disseminated and followed by all maintenance technicians and external contractors.

	
	Source: Hadeel Sadoon email question response



	
	Due to my experience with external suppliers, I think outsourced maintenance might be challenging for BIM integrated FM but does not necessarily need to be a major obstacle.

	
	Source: Lukas Moravek email question responses



	
	Most of the maintenance at Prague Airport is done in-house.

	
	Source: Lukas Moravek email question responses



	
	Bath uses a mixed approach. Re obstacle, yes and no. If the type of supplier is widely available, the UoB can demand the use of BIM, if is a service provision in shortage of professionals, Bath cannot demand its use.

	
	Source: Ricardo Codinhoto email question responses



	
	We still have issues for example with poor hand-over between term contractor even though operatives generally remain the same through toupee processes. We generally have to conduct more surveys prime example usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes? The latest example I can give is Carroll court recently surveyed in order to provide a business case to the exec to re-develop because as it passed its useful life expectancy.  

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	If communication is breaking down within the Estates department, one step removed (the MTC) is going to be worse.  More generally there are problems with a 5-year contract, the rate of change means that even on medium scale building projects lasting 9months to 1.5years, there can be big differences in the organisation's needs from start to completion.  There is also an expectations gap as colleagues are consulted on their information needs and see them absent from handover information due to this lag period. 

 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	This is very common, and the main problem seems to be around linear database management. With a linear master asset register, if you have one missing / faulty link or unmanaged change (such as a replaced asset that was not archived), it can really derail a large portion of your information. Models have non-linear data structures, which allows you to understand relationships without direct referencing such as a linked list (as done in most CAFM systems and in the traditional COBie schema mind-set). A model also automates a lot of the manual checking required since it contains all the relationships of levels, spaces, assets and their respective types and quantities. When you have models providing you the relationship tree (non-linear database) all of the appended information becomes better managed as there is context to different hierarchies of components. 

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Suggests we as a client could impose that whether that reduces the number of contractors you might use or limits you.

	
	Source: CG BIM4FM transcript notes for Dis docx





Client requirements for BIM
	
	Yes, we face the same issues, and we are trying to reduce them by providing templates to capture asset data, same templates we use to import data into the CAFM system and also the exact same unified template that is part of the EIR/AIR for capturing asset data of new projects.

	
	Source: Hadeel Saadoon email question response



	
	It is not so simple. Universities, in general, fail to have an OIR bought in by the CEOs... because of that, AIMs tend to be very operational. You cannot blame others if you haven’t done the homework (i.e., a well-defined OIM, AIM and EIRs linked to the business proposition). HE organisations have yet to learn that their facilities impact service delivery. E.g., with covid, all universities had to adapt occupancy ratios. Those without a digital model had to work hard and manually to understand classroom capacity and then redesign teaching. Perhaps, this experience has shown them the importance.  

	
	Source: Ricardo Codinhoto email question responses



	
	Not a significant one. The use of programming and visual programming can resolve issues of interoperability. It is not as complex as it is for engineering.

	
	Source: Ricardo Codinhoto email question responses



	
	For example, I fed the BIM requirements for the next MTC into Richard Searle, I found out last week that none of that info was fed into the new MTC 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	BIM for FM is a client driven solution, there is no incentive for an architect or a contractor to provide a BIM model ready for FM. Very few client organisations are aware of the benefits BIM for FM can bring them and therefore specify poorly or don’t even know what to ask for in the first place.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	BSI have in the last 2-3 weeks have launched the next stage of the ISO, obviously 19650 pt2 in terms of delivery, most recently they have published because its and ISO standard, most recently they have delivered part 5 which reference security, pending some parties suggest August and some suggest September but pending is pt. 3, which is probably the stage you and I are most interested in which is the operation stage

	
	Source: CG BIM4FM transcript notes for Dis docx



	
	Suggests we as a client could impose that whether that reduces the number of contractors you might use or limits you.

	
	Source: CG BIM4FM transcript notes for Dis docx



	
	By way of evolving “Ralph Met Office” developed the BIM viewer with espeye to support their CAFM system (‘concept evolution’) again following a rigorous search of the marketplace. Ralph was able to persuade the powers that be that this company was right for them and was going places. In terms of development and people using it have very similar estates following a case study visit to Filton Airbus Bristol who also use it in their particular set-up. 

	
	Source: RJ Met Office Typed notes for Dis



CAFM/IWMS/CMMS
	
	Yes, we are utilising BIM, mainly asset information coming from the BIM models but we map them into another format accepted by our CAFM system Planon

	
	Source: Hadeel Saadoon email question response



	
	Yes, CAFM systems need to develop quickly to accept BIM models and COBie standard files. Currently we export CAD drawings from the BIM models and asset spreadsheets to import into our CAFM which is very time consuming, so this is a major issue.

	
	Source: Hadeel Sadoon email question response



	
	There are a few CAFM solutions on the market that were made ready for BIM integration and few trying to adapt to it. However, in many cases the integration will rely on custom-built solutions and connections between CAFM, AIMs and CDEs. This will most likely be our case as well. 

	
	Source: Lukas Moravek email question responses



	
	Yes, our system means we have to export data into Excel for re-import rather than having a two-way sync process.  At least for more recent projects, Archibus is holding the same unique ID as the models.  Even where physical labels are required, it's the model ID's which are being printed on the new QR code labels. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	data, from BIM that goes into CAFM,

	
	Source: UWE Archibus-CAFM overview questions



	
	The current BIM process yields far superior results to the Excel-based methods used in the pre-BIM era.  I would think he'd also welcome the BIM methods we have in place for Demolition, which translates to Archiving removed assets in Archibus. 

	
	Source: UWE Archibus-CAFM overview questions



	
	​Archibus' is poor but as we know there are other solutions on the market.  We are managing to get-by, but it means the point data is managed has to move from Archibus to the model, so that it can be exported back out into Archibus. 

	
	Source: UWE Archibus-CAFM overview questions



	
	This is very common, and the main problem seems to be around linear database management. With a linear master asset register, if you have one missing / faulty link or unmanaged change (such as a replaced asset that was not archived), it can really derail a large portion of your information. Models have non-linear data structures, which allows you to understand relationships without direct referencing such as a linked list (as done in most CAFM systems and in the traditional COBie schema mind-set). A model also automates a lot of the manual checking required since it contains all the relationships of levels, spaces, assets and their respective types and quantities. When you have models providing you the relationship tree (non-linear database) all of the appended information becomes better managed as there is context to different hierarchies of components. 

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Yes, the main shortfall being current CAFM systems relying on linear data structures that are very restrictive and difficult to manage. The only exception of “traditional” CAFM systems that breaks this mould is IBM Maximo, but that is a very sophisticated product aimed at global organisations.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	The Met Office “Ralph” managed to get a full on “COBIE” drop on, which was very useful, Useful in itself but not quite as useful of taking this COBIE drop and dropping it into their own CAFM system.

	
	Source: RJ Met Office Typed notes for Dis



	
	The Met Office tested the marketplace for a suitable CAFM system and ended up with a system called “Concept Evolution” by Fsi.

	
	Source: RJ Met Office Typed notes for Dis


Cost Impacts
	
	You don’t need drones and thermal imaging equipment and expensive technologies, you can start simple by working on the existing processes first and using available technologies, we use simple laser measures for surveys to update our drawings and create BIM Models in house, we don’t know when we’ll ever get the budget for example to purchase a point cloud surveying machine but for now this works.

	
	Source: Hadeel Saadoon email question response



	
	Some resistance is normal as I mentioned above. However, FM departments often see the loss or personnel due to budget cuts and they are overloaded with work. Implementing a new management system based on BIM for large organisation is a very large task. It requires investment, planning. Trying to change the tyre while driving the car is never an easy task either, so I think is about having a plan for removing barrier and a change management plan in place. 

	
	Source: Ricardo Codinhoto email question responses



	
	Having everything tied into model as the central reference point only facilitates this, but of course it takes time and money to set up. 

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Similarly, identifying systems and their subcomponent relationships can be really hard in existing buildings (I.e., does this hot water tap / radiator receive water from which boiler and through which pipe runs?). Again, even if you manage to survey these hidden areas above ceiling and in risers, you will not have the intelligent metadata and relationship tree that a model provides. That is the main problem we need to solve in my opinion, how do we get an intelligent model out of surveyed information? The best way of doing this to date is scan to BIM, which is not cheap but improving with AI and machine learning.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Aside from simple financial survival, the future of our workplaces will inevitably change. 

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120



	
	As someone who understands how virtual environment tech can support the physical estate, I know that our biggest challenge is demonstrating exactly how this can drive enhanced efficiencies and therefore positively affect our operational costs. Having a BIM strategy consisting of both visual representations and functional data is critical to demonstrating this value. 

In my experience, no-one ever regrets a BIM journey, but getting started is often the most challenging phase. The reality is this journey should never end.

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120


Twinview
	
	Twin-view capabilities to incorporate or support condition survey concepts, asset management and Lifecycle costings linking into manufacturer data and latest life expectancy information.

	
	Source: Romulo - Q&A BIM integrated FM strategies in relation to existing estates



	
	We are trying to demonstrate this value with our newly launched Twinview platform (www.twinview/com) and have recently set up our Newcastle office building (which was built in the 80s). Below is a screengrab of our Newcastle office and the sensor data we are collecting at the moment.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	we are currently setting up the New Engineering Building on Twinview to test this out

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Twinview solution aims to provide a better way of working with digital information and more importantly facilitating the management of operational data in context with the model. (I.e., tickets, resources, tasks, jobs, replacements, commissioning, surveys, archived assets, sensor data, equipment uptime stats and operational status, etc.). Keeping an accurate record of these is much easier with a model to tie everything together and transfer of knowledge between teams should prove much easier.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Twinview is a Digital Twin platform that is built up on BIM outputs and combines the power of cloud computing, IoT, CAFM and O&M solutions to provide a comprehensive deliverable for operation and maintenance of the built asset. Our 2021 roadmap integrates data science approaches to provide energy prediction, building dashboards and other analytics depending on the data available.

	
	Source: Romulo additional responses via email 6th Jan



	
	What sets us apart is that we have built the platform from the ground up with brand new technology and coming from the design and construction background. We are connectors and problem solvers and have seen the waste of valuable information time and time again with BIM models that get "locked up" after practical completion, where their added value could be significantly increased. As such, we aim to increase efficiency, improve collaboration between Capex and Opex stakeholders, and reduce waste of information that usually occurs at project handover stages.

	
	Source: Romulo additional responses via email 6th Jan




Digital Twin
	
	There is a long-term aspiration towards a national digital twin from the CDBB. If this is to come to fruition, we need to have a robust workflow in place to digitise existing estates. This will do wonders for the industry and help immensely with other national goals such as the decarbonisation of the economy. It will be difficult to improve the built environment if we cannot monitor it and get FACTS instead of estimates. Doing so with digitised and IoT equipped model databases requires a standard approach, otherwise we will be struggling for years to come to roll this out on a national scale.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	Digital twin – CDBB – different perspective to BIM Alliance.

	
	Source: CG BIM4FM transcript notes for Dis docx



	
	Christine has a mixed view there because CDBB comprise employees which is the University of Cambridge and it’s got a title and Christine knows some of the people that she has come across in different facets. They either have to speak on behalf of CDBB or on their own commercial right if you follow me there is a commercial line to follow and it’s because CDBB has funding and its government backed it comes from a slightly different perspective as the UK BIM Alliance and everybody in the UK BIM Alliance is a volunteer obviously some people get paid but virtual of their own organisation and they have more time to give, and I suppose they have commercial or vested interest there. There’s a whole host of people like you and I and Hadeel who just get involved because again we want to share best practice.

	
	Source: CG BIM4FM transcript notes for Dis docx



	
	So loathed to agree or disagree with you in terms of CDBB because they come from a slightly different perspective and Christine thinks as she was listening to something the other day and again about “Digital Twin” and again it was an online presentation and you have 3-4 people online giving their perspective and again this applies to almost everything across construction until we have a complete consistency in terms of message Christine tends to think we are always going to “Not going to say fail” but we are going to struggle with some of the challenges and she frequently says and people look at her and people say no you can’t say that but she frequently says I would mandate things and she doesn’t just mean as the Gov mandate because that, the original legislative, there are lots of words out there from our Mark Farmer and Judith Hackitt in terms of we must use BIM and that’s all they say and I guess quite rightly that’s all they say because theirs’s are high level reports and they can’t be prescriptive within these reports.

	
	Source: CG BIM4FM transcript notes for Dis docx




Smart buildings
	
	Ralph’s ultimate goal from all of this work is to get a smart building that actually reports its own faults. 

	
	Source: RJ Met Office Typed notes for Dis



	
	Ralph wants to drive the smart technologies.

	
	Source: RJ Met Office Typed notes for Dis




Whole life Cycle
	
	We still have issues for example with poor hand-over between term contractor even though operatives generally remain the same through toupee processes. We generally have to conduct more surveys prime example usually upon term contractor change as information transfer between old and new is poor leaving us with duplications in asset collation processes? The latest example I can give is Carroll court recently surveyed in order to provide a business case to the exec to re-develop because as it passed its useful life expectancy.  

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM



	
	Twin-view capabilities to incorporate or support condition survey concepts, asset management and Lifecycle costings linking into manufacturer data and latest life expectancy information.

	
	Source: Romulo - Q&A BIM integrated FM strategies in relation to existing estates



	
	Secondly – You can develop a mature life cycle plan

	
	Source: RJ Met Office Typed notes for Dis



	
	What the Met Office did with CBRE is they did a competitive dialogue, so they got the best in class and contractually we set up the means where any innovation they bring to the table that results in a saving we can share the gain 50/50. So, for instance if they do a conditioning survey on the boilers and they say you know the burner that you have probably got around 3 years left in them but if you do a capital budget now of “X” we think we can guarantee the life of the asset for a further 15 years and you’re going to have reduce commission and we will put technology in place that actually did the (20:14) flue gases and altered the burner ratio and all that good stuff, meaning that actually the maintenance burden is then reduced. That means we can move onto other things and satisfied in the knowledge of that, but if you’re high bound to time-based maintenance Ralph thinks you’re going to struggle with that type of approach and are you ever going to get the best out of what is supposed to be professional engineering organisation.

	
	Source: RJ Met Office Typed notes for Dis



Conditioned based Maintenance
	

	



	
	suggests they do a little bit of condition-based maintenance 

	
	Source: Google Meeting Mr Andrew Smith



	
	Regular statutory compliance can be done through CAFM module, Field App, Capture and in some cases IoT. Automatic reschedules or condition-based triggers can be created and managed through the FM module.

	
	Source: Romulo additional responses via email 6th Jan



Silo effect
	
	You've highlighted a big problem here, it's not necessarily a BIM problem but one of communication.  For example, I fed the BIM requirements for the next MTC into Richard Searle, I found out last week that none of that info was fed into the new MTC and I'm meeting with Paul in half an hour to discuss it.  If communication is breaking down within the Estates department, one step removed (the MTC) is going to be worse.  More generally there are problems with a 5-year contract, the rate of change means that even on medium scale building projects lasting 9months to 1.5years, there can be big differences in the organisation's needs from start to completion.  There is also an expectations gap as colleagues are consulted on their information needs and see them absent from handover information due to this lag period. 

	
	Source: Mike Ford email responses (red) reference BIM-integrated FM

	
	BIM originated as a solution for Designing buildings, with contractors / builders being the next ones to reap the benefits

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	BIM for FM is a client driven solution, there is no incentive for an architect or a contractor to provide a BIM model ready for FM. Very few client organisations are aware of the benefits BIM for FM can bring them and therefore specify poorly or don’t even know what to ask for in the first place.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	FM world not that good at managing change.

	
	Source: CG BIM4FM transcript notes for Dis docx



	
	Silo’s not pulling together – Best practice share knowledge and experience to the wider field.

	
	Source: CG BIM4FM transcript notes for Dis docx




IoT technology
	
	As we learn more about IoT, IoB and edging technologies, it will become easier to collect live data to that feeds into FM and enable macro-BIM-FM adoption.

	
	Source: Ricardo Codinhoto email question responses



	
	On the other, we have the building technology sector adopting more and more the use of IoT and sensor data in context with models to provide context and human readable scenarios of how buildings actually perform.

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	UWEs BIM deliverables have all the building blocks needed for a more model oriented and IoT enabled FM solution,

	
	Source: Romulo responses relating to BIM integrated FM strategies in relation to existing estates



	
	The really interesting bit for me is not only the way we use the fixed data sets but how we can start looking at predictive analytics and space modelling from AI tools to optimise utilisation, layouts and efficiency.

	
	Source: BIMPlus interview - Andy Smith John Lewis Partnership 2020 accessed online 221120































[bookmark: _Toc68596203]Appendix E – AUE Published Survey results for CMMS/CAFM Systems, Suppliers for HE Sectors. 














































[bookmark: _Toc68596204]Appendix F – BIM Technologies, Twinview case study field test UWE Glenside Campus

[bookmark: _Toc68596205]BIM Technologies Twinview and Capture summary.

Twinview is a Digital Twin platform built upon BIM outputs. It combines the power of cloud computing, IoT, CAFM and O&M solutions to provide a complete deliverable for the built asset's operation and maintenance. Our 2021 roadmap integrates data science approaches to provide energy prediction, building dashboards and other analytics depending on the data available.
Twinview (BIM Technologies) have built the platform from the ground up with brand new technology developed from the design and construction background. (BIM Technologies) are connectors and problem solvers and have seen the waste of valuable information time and time again with BIM models that get "locked up" after practical completion, where their added value could significantly increase. An overarching aim of the BIM Technologies Twinview programme is to increase efficiency, improve collaboration between capital expenditure (Capex) and operational expenditure (Opex) stakeholders, and reduce waste of information that usually occurs at project handover stages.
There is no other solution to the authors' knowledge that provides our integration level without the need to "reinvent the wheel". Twinview does not provide a custom solution and remodel outputs. They take what the design teams and contractors have produced and integrate them, enriching live data and ongoing FM input from facilities operatives. Now in 2021, start to provide analytics and feedback on uses, trends, and predictive maintenance.
Despite the positive feedback, and according to BIM Technologies the Twinview software platform uptake has slackened off recently by factors reported as:

        Lack of awareness and skills in Opex contractors/stakeholders
        Disconnected approaches to facilities management and fear of disruption
        A lot of "noise" around the Digital Twin terminology, lots of misleading applications and incomplete pictures, lack of standards, lack of understanding of how AEC bridges with other industries in the world of information.
        Good BIM deliverables are not common practice, it is getting better year by year, but the industry still has not grasped the Information Management aspects of BIM

The BIM Technologies Twinview capture module + field app allows for creating custom field verification forms and survey templates that can link assets, spaces, or systems. Lifecycle costing is not an "out of the box" metric, but it will be set up with the dashboard module due for release in 2021. In essence, if the data is available, you will be able to connect, reference and feed into lifecycle costing metrics of your choosing. Asset uptime and status monitoring concerning issues, maintenance jobs, and work request tickets already tracked, enriching cost data. Manufacturer data is not live and generally provided by either COBie document links, manual uploads or synched from the object if downloaded from Bimstore (the most integrated option).  The future roadmap aims to integrate manufacturer information further through Bimstore.


The CAFM module allows for creating various categories, space management and resource management of internal and external/temporary team members (such as external contractors). When used in conjunction with the capture and field app, it allows for the creation of almost any applicable workflow. 

BIM Technologies have not come across the limitations, but most software applications will require updates of some sort as they evolve from the authors' experience. The tool is constantly evolving from user feedback, so the cleverer people we have using and pointing out the missed opportunities, the better. SFG20 libraries are not integrated, but they can be synched to workflow items and assets if applicable codes are known.

Regular statutory compliance can be completed through their CAFM module, Field App, Capture and in some cases, IoT. Automatic reschedules, or condition-based triggers can be created and managed through the FM module.

Information capture for existing buildings is dependent on the resources available. It is significantly harder to aggregate legacy information because it is usually outdated and not entirely digitised. The Capture module was built with this purpose in mind as well, as it acts as a database tool as well and does not require a model to be functional. Of course, having the model brings everything together with greater context and less room for error, but Twinview allows for a "non-BIM" information capture process.

This is an up-and-coming area in the authors' opinion; many data streams are currently getting lost in limbo. The increasing number of intelligent devices in the market make these applications ever more relevant. The challenge here is the skills ability to aggregate, manipulate and generate meaningful insights from large amounts of data. We envision that building operative teams will need to incorporate a certain level of data science skills to take full advantage of IoT. The BIM Technologies dashboard and Predict modules due in 2021 aim to facilitate this transition. However, in their opinion, the reality is that IoT streams are not "human friendly" and require digital skills to work with going forward.  Looking beyond, the application of Deep Learning and predictive trends would be the next natural step, taking the template of algorithm use cases from social media and retail now applied for the greater good of increasing building efficiency (and not likes, views or clicks).
BIM Technologies' opinion is that the industry is way behind in digital capabilities, and there are very few standards applicable. To BIM Technologies knowledge, the only significant standard for consistent information exchange in the built environment is COBie, which is in itself very old and proven to be very difficult to deliver or keep up to date between different systems. COBie also does not capture all the information flows related to FM and having a few errors can derail the whole validation of the exchange file.
BIM Technologies have made colossal progress in designing and constructing buildings with the use of BIM. In the authors' view, the next natural step is to eliminate the siloes and inefficiencies in FM by using Digital Twins. The greater interface with the property technology (proptech) and other sectors will hopefully open up these doors and drive innovation. It takes a long to start a spark, but once there are a few good examples out there, it becomes a matter of adapting or falling behind.
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[bookmark: _Toc68596206]Appendix G – Manchester City Council (MCC) benefits of BIM in FM case study (courtesy of UoB)
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