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The landscape of BIM has changed signi®cantly over the last 5 years, with the brea of the
UK BIM Task Group, and the shift to international standards. This has caused sarconfusion
and doubt as to the commitment of public sector clients, and the way to proceed.

The launch of the UK BIM Framework in the autumn of 2019 marked a signi®cant step \ficard
in providing clarity on the way forward. It came with a commitment from British Stalards
Institution (BSI), Centre of Digital Built Britain (CDBB) @uithe UK BIM Alliance to work together
in supporting the industry in its implementation of BIM as the fundamentatep to the wider
digital transformation of the built environment in the UK.

This publication provides useful insight into the progression of the BIM mrement in the UK,
charting the continued development and transition of standards to ISO, and #horiginal work
of the UK BIM Task Group extending out to the wider built environment industry, erepli®ed
by the signi®cant collaborative effort in developing the UK Guidance for th&sHEN ISO 19650
series and the UK BIM Framework as a whole.

There remains much to be done. With the collaborative leadership and support of ¢h
professional bodies, such as RICS, and with the combined efforts of BSI, CDBB ainthe UK
BIM Alliance around the UK BIM Framework, the UK is now in a great position to constéite
its position as one of the global leaders in the ®eld of digital transformatio

Dr Anne C. Kemp OBE FRICS
Atkins Global

—
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The in uence that technology has had on the surveying profession has been the sjdrt of
much debate. Recently, this debate has centred on building information modkng (BIM) and
the potential bene®ts it can bring to a project and asset life cycle. Tradmially, surveyors

have employed technology to design and manage the construction process but, noyasset
surveyors are increasingly realising BIM's potential to create ef®a@es throughout the project
life cycle. BIM not only allows the sector to offer innovative solutions to safl- and large-scale
problems, but also supports stakeholders in creating an ef®cient method avorking that is
capable of creating and adding value.

BIM has evolved into a much bigger paradigm, and what this means for chartered sweyors
is constantly shifting. This has been brought into stark focus during the gloth& OVID-19
pandemic where the industry has had to adjust to a new working environment. Nevtheless
solace can be taken in the Chinese proverb ‘in a crisis be aware of the danger but recogeis
the opportunities' The digital transformation of the industry has ten immense steps forward
both in mitigating the working restrictions and bringing forward new wgs working that may
have previously been seen as future adoption possibilities + indeethas been estimated

the advancements over the last 2 to 4 months have taken a 5-year leap forward.

The industry is now on the verge of the fourth industrial revolution: digltsation is having

a profound impact on the work itself and the way the industry works togethetrAs clients
increasingly look to technology for solutions that create ef®ciencies, thegfession needs to
gain a better-informed understanding of:

what BIM has to offer in terms of technology and
how the narrative surrounding BIM is changing.

Surveyors need to be more pro®cient in the use of these technologies so that datajtécial
intelligence (Al) and the Internet of Things (IoT) are at the core of service \asion.

However, BIM is not only about technology but also about processs, protocol and standards.
The publication of the BS EN ISO 19650 series has introduced a collaborativeainework for
managing information through BIM throughout the whole life cycle of an ast, irrespective

of its type or size. BS EN I1SO 19650 identi®es BIM as methodologies that offer a sadurt to
store and exchange information (BIM technology), and as a method to manage infoation
through these internationally agreed standards. BIM maturity is desitred in terms of stages
and information management, not around BIM levels 1, 2 or 3.

Therefore, it is essential that surveyors understand the current BIM freework within which
they operate and the technologies that can not only support them in their role butlso provide
the client and end user with the information they need in order to ef®ciently meage the asset.

E—
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It is essential to understand that there is no one de®nition of BIM: it means difat things to
surveyors in different roles and to the various organisations that theyesve® Additionally, as
more technologies become available, this understanding of what BIM can offer iwchange.
Consequently, with the introduction of BS EN I1SO 19650, and as technology deveps, the
industry's perception of BIM will become blurred, and the stages/levels of BIM Wibecome
less obvious. Surveyors ®rst need to develop an understanding of what BIM has\adoped
into, and then need to consider why they should adopt it.

This insight paper aims to provide some answers about the evolving ‘what' anavhy' of BIM
and its potential. This potential has previously centred around techagy and the sharing

of information (as de®ned by levels 1, 2 and 3) but, now, the shift is towards infoation
‘'management’ as opposed to ‘modelling’, and towards linking other Indusy 4.0 technologies.
This insight paper outlines:

the background to BIM

the need to innovate

why the development of the de®nition of BIM needs to be explored and
the need to examine the digital technologies available.

This insight paper aims to assist chartered surveyors in making better-orimed strategic
decisions around BIM implementation that will support market leadershipral authority in their
®eld.

This insight paper is organised into six sections. Section 1 is this introdtion. Section 2
introduces the background to BIM within the built environment. Section 3 casiders the
evolving de®nitions of BIM. Section 4 looks speci®cally at the potential teclogies available
to the chartered surveyor. Section 5 examines the future action requireflsurveyors are to
move forward with BIM and discusses the challenges that they may face. Section 6rpvides
a summary. Case studies are provided throughout to further support the aggation of BIM
and its bene®ts to the profession.

@&2A$BCBC =+>7$/34/0"N
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Construction is a major player in the global economy: it represents 13% of ges domestic
product (GDP) and employs 7% of the global working-age populatiohIn contrast, UK
construction represents a much lower proportion of GDP (at approximately% (£113bn))

and employs 2.4m peoplé® across a wide range of products, services (including chartered
surveyors) and technologies. Nevertheless, it contributes signi®udy to the UK economy and,
as such, is often the focus of scrutiny. Productivity and predictability are ajor concerns in
the construction and property sector; the need for signi®cant change to indtry practices

in order to overcome these issues has been the subject of numerous reports, as shown i
Figure 1.

1962 1964 1998
Emerson Banwell The Latham
Report Report Report

1998 & 2002

Egan Report —>» Wolstenholme

2013
Construction
2025

2016
2016 National SO1E
Farmer Infrastructure
Review Delivery Plan
2016-21

Industrial Stategy
Construction
Sector Deal

2016
GCS2016

Figure 1: Major construction reports

Many of these reports concentrated on identifying problems and setting tgets and placed
less emphasis on solutions. Thesovernment Construction Strategy 2011 (GCS 2011)
speci®cally identi®ed technology as a solution to public sector asset procarent and
management. It identi®ed BIM and digital technologies as being key to transfoing work
practices, which was necessary to improve productivity. By adopting new ways of working,
GCS 2011 believed a target of 20% ef®ciencies in public-sector constructicspends would
be possible,although in reality only 7% were realised, as reported i6CS 2016+20 The
Construction 2025 strategy together with GCS 2016+20 continued with the technological
themes of its counterpart but now offered a long-term view of industry and garnment
working together to achieve targets, as shown in Figure 2. The aim now is to become global
leaders in construction through the digitalisation of the industry, Wi BIM at its core.

O =+>7%$/34/0™

@&2A$BCBC



1"#3%E&!'(")$"*+$

Lower costs Faster delivery

33% 90%

Aim to reduce initial and Aim to reduce time from
whole life costs inception to completion

Lower emissions Improvement in exports

90% 20%

Aim to reduce embodied Aim to reduce trade gap
and operational carbon within construction

Figure 2: Construction 2025 targets (adapted from Construction 2025, li censed
under the Open Government Licence v3.0)

More recently, thelndustrial Strategy: Construction Sector Deal promoted collaboration
between government, industry and research institutes to support the trasformation of the
sector through technological innovation and the creation of a highly skitleworkforce® In this
document, the UK government pledged funding to research institutes such as the €htre for
Digital Built Britain to support innovation in areas centred on digital dem, new technologies
and offsite manufacturing. Unfortunately, the construction seor is notoriously slow to
innovate, being one of the least-digitised industries in the worfd.However, like all other
industries it was swift to respond to the COVID-19 pandemic by modifying workg practices
and methods of communication that the online collaborative platforsmenhanced. Chartered
surveyors should continue to move forward and press for change to boost their prodttivity
through Al and data analytics technologies, which could also be used to monitor erite
social distancing, symptoms and track and trace measures, to name but a few. Til in turn
would support businesses in creating ef®ciencies and stimulate ecomic growth to support
the recovery of the construction industry and the nation, making these acncements the new
way of working and seeking the further opportunities that this insight gaer discusses.

L%L/ H*S/P7Q/")/977?

BIM uses advanced computer systems to build 3D models that can store informain about
an asset in terms of its design, condition and operatiot® BIM is often perceived as not being
relevant to all built-environment professionals + they see "buildfras being distinct to only
one aspect of the profession. But information (the °I') is relevant to all. Imfoation is a valuable
resource, the value of which cannot be underestimated during the life cycle of a Btiasset.
With the availability of international standards, the focus is shiftingpfn technology around
BIM to a clear and precise focus on information and its management and security

@&2A$BCBC =+>?$/34/0'R
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Chartered surveyors are the producers and custodians of this informiin over the life cycle of
a built asset. As further advances in Al and advanced data analytics continuthe potential in
terms of faster, better-informed decisions is huge.

The management of this information is key to improving productivity, notrdy within
organisations but also across the sector as a whole. It offers clients fastemore accurate
decisions based on real-time data. It is therefore a professional respoiislity to digitise data
in order to inform and transform business effectiveness and contribute tde well-being of
society as a whole**

L% .">5)$"&)$/&=/97?

BIM is multi-dimensional and allows extra dimensions of datto be linked to a model. As more
information is made available in addition to a design, it can be added (e.g., cost anatkedule),
thereby providing a fuller understanding of the project/asset. As new farmation is added

to the model, the role of international standards, such as thénternational Construction
Measurement Standards (ICMS), become increasingly important. These standards allow
sharing of information in a standardised fashion.

Decisions about the type of information stored (and why) are often based on é¢htechnology
available and how the business values the information, which often relaé¢o the type of
decisions the business makes. The common dimensions of BIM that have been dewgled
are:

design (3D)

time (4D)

cost (5D)

sustainability (6D)

facilities management (7D) and
health and safety (8D).

The dimensions apply to surveyors in all roles and can support decision-rkang in real estate
(3D, 5D, 6D, 7D), quantity surveying (5D, 6D) and project management (3D, 40Dp BS EN
ISO 19650 now recommends that the information provided is constrained to tharequired to
make decisions, and that the client only receives information that will be of kee to them. It

is essential to re ect that these extra dimensions should only be added if thisformation is
requested by the client or end user or is likely to add value to the process.

L%B/ 977?/#&443K&!3+"&)

BIM supports the sharing and integration of information and collaborath. BS 1192:2007 was
the foundation document to support collaboration which led to the developmat of the suite
of PAS 1192-2:2013 documents. There is now a move from the PAS 1192 series of statards
to international standards following the publication of the ®rst two p&rof a new international
BIM standard, BS EN ISO 19650 (see Figure 3).

S =+>7$/34/0™ @&2A$BCBC
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BS EN IS0 19650-1
Concepts and
principles

Recommendations

IS0 19650-5
Security-minded
approach to information
management

Requirements

BS EN IS0 19650-2 IS0 19650-3
Delivery phase of Operation phase
the assets of the assets

Requirements Requirements

UK National Annex
Recommendations

Figure 3: BIM international standards (from PD 196500:2019 Transiti  on Guidance to
BS EN ISO 19650, reproduced with permission from BSI)

In this publication, the principles of BIM level 2 remain the same and are lodyereplaced

by information management maturity stage 2. BS EN ISO 19650 provides a collabative
framework for managing information through BIM throughout the wholefé cycle of an asset,
irrespective of its type or size.

The associatedInformation Management According to BS EN ISO 19650 + Guidance

Part 1. Concepts offers an insight into the current perception of BIM, where maturity is
around information management and stages, not levels, as was previousliié case. It
places emphasis on the client providing clear, value-driven de®aits of their information
requirements based on the quality and quantity of information required ahnthe ef®cient,
timely transfer of this information between the various parties at each e in the project life
cycle. It identi®es BIM methodologies for information management and dig technologies
that support the exchange of data which help parties to make better-informed desions
based on improved predictability through improved risk management. Tdaicommon data
environment (CDE) work ows are pivotal to the ef®cient exchange of infoation and are not
just the technology used to support it, as was previously the case (i.e. a modelpformation
Management According to BS EN ISO 19650 + Guidance Part 2: Processes for Project
Deliveryoffers further guidance, including CDE work ows and the activities aociated with
ISO 19650-2 clause 5.

The processes detailed in BS EN ISO 19650-1 and 2 are similar to those identi®ed in BS
1192:2007 and the PAS 1192-2:2013 suite of documents that it replaces. Thee is some
variance in terminology between the two sets of standards that needs to be consiaged from
a legal and contract perspective, as identi®ed in Table 1.

@&2A$BCBC =+>7$/34/0"T
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Table 1. Comparison of terms (based on Information Management Accordin gto BS
EN ISO 19650 + Guidance Part 1: Concepts (2nd edition)

At the time of writing, all other standards in the BIM level 2 suite remain, in ord& help
de®ne processes and procedures around the digital exchange of data sets throhghe life
cycle of a project. However, these too are likely to change from 2020 onwards, withAS
1192-3:2014 scheduled to be replaced with BS EN ISO 19650-3 and PAS 1192-5:2015 wh
BS EN ISO 19650-5. In addition, at the time of writing, the BS 8451 seriekibrary Objects for
Architecture, Engineering and Constructiorwere being developed in the form of ISO 22014
and 22057.

To support the industry during this switch from the current known suite of docurants, a
transition guidance document has been prepared to help the existing usersf@S 1192
and PAS 1192-2 understand the changes made between the UK's standards and the 1SO
documents that replace them.

These 1ISO documents recognise the potential value of information; they pladess emphasis
on the model and more emphasis on information management. “Information ptocol' is

one of the most important documents in the 1ISO process, linking information anagement
of asset delivery to that of its operation and maintenance. Early involvemieof the facilities
manager (FM) is encouraged, with the design being linked to its operation and the lifgae of
the asset, thereby supporting long-term, joined-up thinking and assciated ownership of the
built environment.
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As the industry moves forward with BIM, boundaries are becoming more blurredral the
levels that were being worked towards are disappearing. BIM level 2 and level ®i&t some
perhaps thought they were familiar with) will become the baseline in terms of imfoation
management.

L%N/  @<!15)+/45,54/8&=/3:80+"&)

If BIM can support decision-making, how seriously is the industry taking? The NBS 2019
survey based on approximately 1,000 responses from industry professnals reported growth
in BIM awareness and adoption, from 10% in 2011 to around 70% in 2019. Howeverhis
represents a 1% drop in adoption from 2018, with clients' unawareness of the bee®ts of BIM
being blamed for this drop. On a positive note, 60% of BIM-engaged respondents regrted

a 60% increase in ef®ciencies. While BIM is becoming an industry norm, its momeant is
slowing and, rather worryingly, 22% of those who have yet to adopt BIM con®rmedtidt they
are unlikely to do so. The direction in which the industry was moving with BIM alsaased
uncertainty: 54% of those surveyed believed the industry was taking too lgnto de®ne BIM
level 3% In light of Information Management According to BS EN ISO 19650 + Guidance Part
1. Concepts (2nd edition), this should no longer be a consideration as it is the stage you are at
with BIM that is now perceived to be more relevant.

How many surveyors fall into this category? How many surveyors are unavwenof the bene®ts
of BIM? How many surveyors understand what the BIM of the future is?
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BIM is, and has been, on an evolutionary journey, from the 2008 Bew-Richards maity
model through to 2019 and BIM in accordance with BS EN ISO 19650 (which, at the time of
writing, had a number of standards/parts pending publication). This sdmn re ects on the
evolution of BIM in order to enable comparisons to be made regarding the understaimg

of BIM and the current matured version, where levels become stages and the BIM leM3
de®nition becomes obsolete. The “single collaborative model, where albgeholders work
on one model, is no longer the utopia it was thought to be, and the BIM level 2 federated
model system, where design, construction and maintenance teams use theirven software
and ‘plug into' a federated model as and when required, is now recommended. Thers also
a proliferation of digital technologies, industry acronyms and termimagies that need to be
considered, which may lead to some confusion.

The timeline in Figure 4 tracks the UK BIM journey, from the GCS 2011, which introded BIM
into the construction industry mainstream, to the UK government's BIM leal 2 mandate of
‘making BIM level 2 business as usual’ via BS EN ISO 19650 and beyond.

The timeline can be summarised as follows:

2008: the Bew-Richards maturity model de®nes BIM as levels 0, 1, 2 and 3

2015: the Digital Built Britain level 3 strategy replaces BIM level 3 with the term gdal Built
Britain'

2017: Industry 4.0/Construction 4.0: signifying the impact of the fourth idustrial revolution
on the built environment

2018: the Centre for Digital Built Britain introduces the term “design, build, opate and
integrate’

2019: the publication of BS EN ISO 19650 + BIM in accordance with the information-
management processes and internationalisation of the UK's BIM level 2.

Each of these milestones is expanded on in sections 3.2+3.6.
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The 2008 Bew-Richards BIM maturity model de®ned four levels of BIM (0£3), frone thaper-
based silo approach to the collaborative, fully integrated and interopable model-based
approach?®

Level O: project information is predominantly paper based.

Level 1: a mixture of paper-based (2D) and/or a 3D environment, including some formfo
CDE to support the sharing of project information across the project team.

Level 2: discipline-centric proprietary BIM, or ‘pBIM'. Each discipline prduces its own
project information within a 3D environment. Intelligence is then added tthé models by
attaching data/information; for example, speci®cations or dimengis for each object/
component. Standards are set for producing, exchanging and archiving infonation in a
CDE. Each model interfaces with each other via middleware software, thereby ahling
integration to aid coordination.

Level 3: fully integrated "iBIM'". A single collaborative model is accessible to alam
members, enabling multiple users to work on the model concurrently. Any amements to
a particular discipline's information updates another's in real tie'

-%-/ .""+34/9<"4+/9!"+3")/6LCENS

The Centre for Digital Built Britain (CDBB) replaced the UK governmentdded BIM Task
Group. It focuses on the next part of the BIM journey, bringing “together indusy, academia,
and policymakers in order to consider the wider effects of the digital agenda on sasty and
the economy'®® The CDBB's vision for the next level of BIM was more far-reaching than the
potential limiting nature of previous de®nitions as it proposed to rega the BIM level 3 term
(and associated de®nitions) with "Digital Built Britain' (DBB), beligythat this terminology
better re ects the aspirations of a fully digitalised built environmentybintegrating and taking
advantage of the opportunities represented by new technologies and the irovations of the
future!® such as Al, the loT and data analytics, to name but a few. In doing so, the CDBB
therefore radically expanded its scope of work (see Figure 5) compared to the renhof the BIM
Task Group, which primarily focused on the UK adoption of BIM alone.
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Data is central to the DBB vision, as shown in Figure 6. Emphasis is now on the ow of dat
and its potential to support collaboration. The data ows bottomzup from srall individual
projects that inform portfolios, which in turn inform regions.

Isolated asset/ Portfolio of Metropalis/region
project assets Smart city
BIM Big data analysis
and monitor

Figure 6: Data ow and decision-making

This bottom+up information and collaboration ow is represented acrasthe delivery (design
and construction), operational and performance phases of an asset, podfio, etc., with the

aim of allowing for more informed “smart decisions' based on total expenditarcost (TOTEX)
rather than capital (CAPEX) and operational (OPEX) expenditure beingatesl independently.

This approach will require a rethink of industry processes for designing, pracing,
constructing and operating assets. Making data easily accessible acrossiese three phases
via open data portals such as data.gov enables an ecosystem/marketplace of dlaborating
data analytical innovators to:

challenge the established roles of consultants, contractors, supjars, etc.

provide new procurement and/or business models
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measure actual performance compared to designed performance levels via emhdded
sensors and the loT

incorporate Al, machine learning, 3D printing and digital twins and
adopt blockchain/smart contracts, reducing inef®ciency by removing ietmediaries.

In 2015, DBB articulated the next part of the BIM journey, building on level 2 as depped
progression to facilitate far-reaching transitions across the sectoFigure 7 shows in detail BIM
level 3 as de®ned by CDBB.

Level 3A - enabling | | Level 3B - enabling
improvements in new technologies
the level 2 model and systems

Level 3C - enabling Level 30 -
the development capitalising
of new business on world

models leadership

Figure 7: DBB BIM level 3 phases (based on Digital Built Britain: Level 3 Build ing
Information Modelling £ Strategic Plan, licensed under the Open Gove rnment
Licence v3.0)

Steps 3A and 3B predominantly encompassed the Bew-Richards BIM level 3 de®oiti
discussed in section 3.2, moving from individual federated models to a singlshared model
to aid collaboration, requiring new/updated protocols and standards (RS documents) and
building on the new procurement routes (cost led, integrated project ingance, two-stage
open book).

The signi®cant variation is found at level 3C, which seeks to take advantage aftd analytics
to secure cross-sector innovations. This challenges the existing way of d@iag things, and
brings changes to current processes and roles. Where stage 2 or level 2 is deternstic
based on set criteria, the vision for level 3 at that time became more probabilis, which will
continually incorporate future advances and innovations into the decai-making processes
in the design, construction, operation and management of asset’ such as those digital
advances discussed in section 4 and shown in Figure 8.
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Architectural model —— Structural model — Services model —— Manufacturers’ model

. L J J
)

Single federated model - not editable

Data Understanding Visualisation Analysis

Single collaborative model shared - can be open data

BIML3A
and L3B

Big data Internet of Things Analytics 30 printing Blockchain

L L ) )

Single shared collaborative model

Digital twins/smart cities

Figure 8: Transition from BIM level 2 to DBB phase 3C

In this 2015 publication the term "BIM level 4' was touched upn. It built on the progress made
by the previous levels with a focus on social outcomes and well-beiri§by de®ning issues
using collated built-environment data in order to maximise the well-begnof citizens and social
outcomes of communities. Using the problem as a starting point enabled indsiry innovators
to propose a solution based on the available data and technologies; for exantg, through their
“Turning Data into Knowledge' initiative, Transport for London releadeopen and free data on
their services to the marketplace. This enabled innovators to develop aétime “apps', which
saved time for passengers and created more certainty on timetabling, whicim turn increased
the well-being of passengers by reducing the stress of their daily commute andlawing them
more free time??

-%B/  7):<$+DIB%C(@8&)$+!<#+"8&)/B%C/6LCERS

Another common term used in relation to BIM is “Industry 4.0', which signi®ebd impact of
the predicted fourth industrial revolution on the manufacturing sgor. Following on from the
®rst, second and third, the fourth revolution ‘is characterised by a fusior chnologies that is
blurring the lines between the physical, digital and biological sphere¥
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The term has been modi®ed by the built environment sector into “constructiat.0' to signify
the impact of the fourth revolution's digitalisation of the built ennanment, encompassing

BIM in the same way Digital Built Britain and "design, build, operate and integje' had
previously (for more information, se€onstruction 4.0: An Innovation Platform for the

Built Environment ). The extent of this digitalisation is as yet unclear, although curreyit
includes the automation of industrial production strategies; for exaple, offsite manufacturing,
prefabrication and 3D printing. In addition, Al, robots, drones and madhe learning are
proffered as technologies that can be adopted for more mundane and dangerous &ks,
thereby allowing humans to concentrate on adding value to high-level tasks &t require
analysis and subjective thinking* These are further discussed in section 4.
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The CDBB Year One Report announced a change in language from BIM levels 2, 3 and 4 to
“design, build, operate and integrate’. The new term emphasised the integtion of the delivery
and operational models to collate data in order to help improve the performance ofsaets

in real time. The report also introduced the concept of “digital twins' and asgtions of a
‘national digital twin', digital representations of assets and smarttes that can be used to run
virtual “optioneering' simulations to improve design, construain, operation and performance
of not only assets but also cities and regions, thus radically expanding ¢éhscope of the
potentially limiting old BIM level de®nitions.
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BS EN ISO 19650 represents a signi®cant shift away from focusing on BIM levelstiheir
associated de®nitions towards a framework for information managementh&re information is
standardised to allow it to be ‘exchanged, integrated and interrogated for fferent purposes
across a range of [...] cutting-edge technologies®® The move to BS EN ISO 19650 is, in part,
to internationally standardise the principles and terminology usedther being UK-centred,
as in previous PAS documents. It also requires clients to clarify the infoation they need and
what the information is to be used for up front, rather than being generic by statinthey want
to achieve a speci®c BIM level de®nition. Therefore, the measurement of BIM onay by levels
has been replaced with information management maturity “stages' The stageare a more
“uid/ exible de®nition; for example, stage 2 overlaps with the previousvels 1 and 2, and
stage 3 overlaps with levels 2 and 3, as shown in Figure 9b.

A single collaborative model where, initially, all designers work on and ddee one model,
(previously de®ned as BIM level 3) is no longer referred to in the ISO documentstéad,
there is the federated information model where various stakeholders acreghe life cycle of an
asset continue to produce their own models, either graphical (predominaty design based)
or non-graphical (programmes, reports, etc.), to exchange and collabota via middleware
software during the design, construction, maintenance and operation pdses of an asset?
thereby encouraging the innovation and use of digital technologies.
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Figure 9a and 9b: ISO UK BIM maturity wedge and ISO information management
maturity diagram (sources: Figure 9a reproduced with permission from M ark Bew;
Figure 9b is from PD 19650-0:2019 Transition Guidance to BS EN ISO 19650 and is
reproduced with permission from BSI)
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Figure 9b introduces the “layers' from BS EN 19650.

Standards layer: this establishes the processes and polices in which information
contained in the information layer (be it models, federated models, programrse

certi®cates, schedules, databases, drawings, documentation, eicare collated, managed

and exchanged in a secure environment across the whole life cycle of an asset, ngiag
the full bene®ts of collaboratio’. BS EN ISO 19650 part 1 and part 2 primarily form the
standards for stage 2, with future standards pending.

Technology layer: this includes digital innovations; for example, a CDE, which should
ensure that information is stored and is easily accessible as and when reged for all
stakeholders across the life cycle of an asset. The ISO part 1 guide emphasisesatha
CDE is not necessarily a single solution: it may be a range of technologies that stoand
manage information in a number of “information containers' that are able totarface with
each other, even if interoperability issues are envisaged. Therefore, CBEain information
management technology, whether singular or multiple system¥.

Information layer: this also includes data that, by adopting digital technologies (as
discussed in section 4) can be captured, interrogated and analysed to infar decisions
that feed into the business layer.

Business layer: this represents the bene®ts derived from the integration of the previous

layers (standards, technology and information) across the life cycle of asset. These
bene®ts include capitalising on innovative ways of working to reduce wasand/or
reworking across the design, construction, operations and maintenancefaan asset.
Another bene®t is improved performance of a physical asset through the use chia-
based intelligent models, which enables simulations and "optionneed' of an asset
system, informed by real-time information garnered from sensors arodr devices
connected to the IoT. The layers' lofty aspirations are to aid the developmentf aligital
twins and smart cities?® but this may be daunting for many; therefore, another way of

embracing BS EN I1SO 1950 and its associated layers is to use them as a basis to imprev

current working practices at whatever degree is deemed relevant.
-%R/ 977?/5,&4<+"&)Y/[$<>>3ID
As stated in the UK government's 2017Industrial Strategy: Building a Britain Fit for the

Future, it is not enough just to look at the economy we have. We must make preparations for

the economy we need to become' (p. 23).

Numerous terminologies have been applied to BIM; in essence they all relate the same
vision of the digitalisation of the built environment via the fourth relkdion, which includes
collaborative ways of working facilitated by early contractor involveent and underpinned by
digital technologies and data collection to aid more ef®cient methods of degiing, creating
and maintaining assets®® Digital technology will combine with various innovations, the |oT,
advanced data analytics, data-driven manufacturing and the digitaaeconomy to enable the
built environment to be:

planned more effectively
built at a lower cost and
operated and maintained more ef®cientfy.
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The industry is in a state of ux: terminologies, acronyms, digital innovian de®nitions and
their usage, standards and incorporation into the built environment ara itheir infancy, with
pockets of excellence forging ahead while others struggle to keep pace with ¢hchange.
Therefore, BIM and the digitalisation of the built environment need to be arvelutionary
rather than a revolutionary process in order to enable everyone in the sectar tleliver the
transformational opportunities that the digital transformatn represents.

Surveyors need to stop searching for a de®nition of BIM level 3 as it does not exist anded
to look now towards stage 2. They need to approach every project with a blank page and
implement bespoke requirements from the myriad of technologies in line with éhinformation
management framework of BS EN ISO 19650. The client, too, needs to learn that it ioon
longer good enough to ask for "BIM' as it is not a single concept or entity. BIM implemeéation
is a fundamental ®rst step to the digital transformation of the built enmmment, but it is just
that: a ®rst step®?
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In order to move forward with BIM, the focus needs to be on information management

and not on technology. Surveyors must not be overly concerned if the informatmothey

have requested or provided is stored in one or more models, or indeed any model at all, as
emphasis must be on following the BS EN ISO 19650 framework. This may necesate some
changes in the way the industry works, the processes that are followed and, potsgially, the
technologies that are adopted. Technologies should be selected that enable ¢éhcapture,
storage and exchange of data in a format that is capable of supporting ef®cieesi. To do

this it is ®rst necessary to understand the technology available to the surweg profession,
the value it can add to the services provided and the challenges that may be faced in
implementation. If BIM can deliver sustainable, long-term improveemts in asset performance,
the profession needs to be fully aware of the opportunities that BIM can offeoftits
businesses and then develop new business models that are capable of trangfming data into
knowledge 23

New business models need to be founded on collaboration and new technologies thaake
the profession from its comfort zone of silo working to an open and honest collalrative
environment that shares best practice. This is a fundamental shift in process and cannot be
achieved overnight. It needs to be incremental, and individuals as well as busisses need to
be on board. Individuals need to be aware of the potential that technologies can log to their
role and, instead of being intimidated by change, need to embrace the opportuties that they
bring.

B%L/ 100&!+<)"+"5$/

Despite the plethora of terminologies used to describe BIM, they all revolve amd
information, data and technology. However, technology no longer dictateshe present state
of BIM: it is the process of information management that identi®es the stage of BJl&ind
technology is a method used to create ef®ciencies. How technology is selected iformed
by how it can add value to services and help create, capture and exchange the inforrtian
that is used. With this worldview, a set of appropriate technologies from thentlustry 4.0
framework can be assembled to assist in achieving the goals set by the sector, as skwn in
Figure 10.
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Figure 10: BIM terminologies and technologies
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Design for manufacture and assembly (DfMA) is a design philosophy that alxgs to

offsite construction. It aims to use information management to improvedalth and safety,
productivity, sustainability and the cost of construction. The diffemce between this and
traditional offsite manufacture is that DIMA takes a holistic approachral can adopt BIM 3D
models to facilitate the sharing and transfer of information to create ef@aicies and support
whole-life costs.
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4.21(a) Offsite construction

St James Edinburgh chose to follow a DfMA approach for its development. The main
contractor Laing O'Rourke drove the offsite manufacturing process fim a single dataset
informed by their in-house DfMA-based supply chain, working in a CDE with the degn

team. The tight site location required careful planning and informatiomanagement; offsite
construction and BIM technologies helped improve ef®ciency and kept the gert programme
on track.

The project details are:

1.7m square feet project
new-build retail, leisure, entertainment and residential and

850,000 square feet of retail space, a 214-bedroom luxury W Hotel, 30 restaurast a
multiscreen cinema, 150 apartments and 1,600 covered car parking spaces.

4.2.1(b) 3D volumetric construction

Volumetric construction is a modern method of construction that produes large, room-size
structures in factory conditions which are then transported to and assembkld on site. The
Holiday Inn Express modular hotel project in Trafford City, Manchestewas built saving six

months on the traditional construction approach (see Figure 11). This rakted in a six-month
saving on interest loans and generated income six months earlier.

Figure 11: The Holiday Inn Express modular hotel, Manchester (" Chapman T aylor
Architects)
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3D printing is a technological process that creates a 3D object; it involves adudlj material
together in layers causing it to solidify to produce a single component or compte entity. 3D
Printing Concreative is a 3D-printing company that produces 3D concrete coponents. It has
developed large-scale printing technology capable of producing a single @nent of 6 $ 4.5

m in one action, employing the world's largest 3D concrete printer with a six-agiarm. The
world's ®rst 3D of®ce was placed on the premises of the Emirates Towers in Dubkh was
printed and installed in just over 17 days and employed only 18 people. This 256 building
cost £95,000 (excluding interior and exterior ®t out).

Like many technologies, 3D printing is not new, but it is only now that businesseare aware
of its full potential. In addition to producing "the end product, 3D prinhg has the potential
to create models quickly and provide clients with a visual representation of a pegt. It can
also provide faster, cheaper and more sustainable solutions. Despite its pential, many
professionals are concerned that increased automation can be detriment#o their business,
but the positives need to be looked at in terms of visualisation for real estate.
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BIM is an enabler for Al in the built environment. Al can become part of the core busis®
strategy with its ability to think, learn and become “smart, since it can make desions
that previously were made by surveyors in design and construction, real ede@and facility
management. Developments in Al, machine learning and the loT + the so-calléfourth
industrial revolution' + can be seen throughout the real estate sectéf.

In real estate surveying there is the potential for 88% of core tasks to be automatdn some
way.®* For example, Al could be used to value a building, since data currently drives ds@ns
in real estate and there is now the potential for a machine to manage valuation datho
addition, Al could process the visual factors of a house using an Al-enabled cagna or drone
to perform exterior checks and measurements.

The greatest impact of Al, however, is in facility manageme#t.Buildings are becoming
smarter thanks to sensors, connected assets and Al developments. A facitmanager
(FM) can collect valuable data on assets, energy and people that can be used to pretli
performance and maintenance and, ultimately, improve the future penfmance of buildings,
sustainability and space utilisation.

The Deloitte headquarters (HQ), the Edge in Amsterdam, is one of the most sustable and
smartest buildings in the world. Gigabytes of data on how the building and itsraployees
interact are collected and stored on a central dashboard. The FM can track evettying,
including the number of people in the building, allowing sections to be closed vén
employees are below a speci®c number, thereby cutting the costs of heating, coadinlighting
and cleaning.

Al and machine learning are also emerging in pockets of excellence in cost estitirey

and programme forecasting/delay analysis. Technological advances irath analytics have
enabled algorithms to be developed to allow machine learning to have predieg capability.
For example, historical project programme data is collected and fed into thsystem, enabling
the algorithm to learn from past projects, even to the extent of planned progmmes versus
actual, to give con®dence in proposed programmes and/or highlight areas ofghi risk. This
means informed decisions can be made in potential avoidance or mitigation nasures?®’
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A cost-estimating machine learning prototype has been developed that operagein a similar
fashion. However, to reap the full bene®ts, the built environment needs to tait more
detailed data and share it, which for commercial, competitive reasons could be a baer,
especially to small- and medium-sized enterprises, even if the data collesd is guaranteed
to be anonymised. The data will also need to be in the same standardised classi®ica
structures; for example, cost estimates using RICSNew rules of measurement 1New rules
of measurement 2and then aligning toBCIS standard form of cost analysisTherefore, Al
and machine learning do have the potential to signi®cantly enhance the bhu@nvironment's
predictive capabilities®® For more information, see the RICS insight papehrti®cial
intelligence: What it means for the built environment
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The Internet of Things (loT) is the connection of any physical objects thatvesmart, digital
capabilities; for example, sensors linked to the internet that enabléé collection of data
that can be shared with various other physical objects, allowing them to be either cdrolled
remotely and/or automated?® It is predicted that, by 2020, there will be approximately 50bn
objects plugged into the 10T}° creating real opportunities to innovate. Embedded sensors
and other devices can be used to monitor the condition of infrastructure, supgprting better-
informed planned maintenance interventions which, in turn, informsna improves asset
brie®ng. Via the loT, preventative maintenance could be implementedetsensors could
record when a part is nearing the end of its life cycle and could autonomously ordesi
replacement to be delivered before it fails.

In the Deloitte HQ, work sensors are embedded into the building fabric that d@ict individuals,
via their mobile device, to a free car or working space. The working space temperates,
humidity, lighting, CG, UV light and noise level§ are all autonomously set to the requirements
of the individual and activated by their card entry system or to the usage of a room basl on
past data. This has the potential to improve space utilisation.

In Kansas City in the USA, approximately 300 sensors have been ®tted to the undels
of manhole covers that continuously monitor sewage owing through 2,800 nls of pipes.
These sensors, via the loT, autonomously recon®gure valves and gates acdmg to the
speci®c requirements, thus preventing potential oods/over ows andptimising existing
infrastructure rather than building costly' new oneg?

The potential opportunities are enormous and, for the surveying pragsion, can help support
government-driven sustainability targets, from asset and buildinperformance management
to providing feedback loops for future projects based on real-time operatnal data. Reliable
real-time information leads to better service provision and, ultinb@ly, improves business
credentials®

B%L%N/ 105)/3):/K™/:3+3

Data supports knowledge-based decisions. In the surveying professiqrdata plays a
signi®cant part in the decisions that are made in relation to the planning, ctéan and use of
assets. Businesses offering surveying services need to understand whdata they hold, what
data they need and the importance this data has to their service provisiot.A robust data
strategy needs to be adopted based on value. The value of the data itself (data is codered
the new oil) and the added value in terms of the creation of ef®ciencies and imprave
decision-making need to drive this strategy. This means challenging eting roles in order
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to make wider use of service performance data by being able to measure and compare the
planned "in service' performance of assets to that of "as briefed' and "as deéred.

The increasing accessibility of data, its variety and the range of tools avala for its
interrogation across the whole of the built environment (buildingsfirastructure, capital/
operational/whole life cycle) ensure that data is increasingly plagm signi®cant part in
surveying profession roles.

Notwithstanding that there are still challenges in data collection and usehere is a reluctance
to make data open, sharing it for the "greater good' This could be due to a variety of reass,
including commercial, ethical and legal sensitivities (e.¢eneral Data Protection Regulation
and intellectual property rights). Once collected there are further chatiges, such as
understanding:

the various ways in which data can be used

who has the skills to carry out data management/data analytical roles
what is available and what is valuable

which data can be cross-examined

who would bene®t from its use and

how it might be future-proofed.

It is key that these challenges are addressed as they may impact the quality, cosgency,
provenance, security and robustness of the data and its eventual analgsiwhich could hinder
its usefulness in ®nding added value opportunities in the future.

Governments have a role to play in mitigating these challenges: they need to be ave of

the bene®ts, especially those derived from data sharing, and can be a driving foraeits
implementation by describing what data they require in contract speci®catis and then
guantifying the bene®ts to encourage private-sector uptake. Professial bodies should

also develop and/or encourage the adoption of international standardspf example, RICS is
promoting ICMS for the quanti®cation and benchmarking of asset cost data. The ntnued
use and uptake of BIM and advances in digital technologies (Al, digital twinstcg will not only
aid the availability and collection of data but will also aid its interrogatiqdata analytics) to ®nd
new uses for data in a form that is of value to various stakeholders in the built ermirment.*>

4.2.5(a) Dependency-driven analytics/big data analysis

Large companies operate increasingly complex infrastructures to collecstore and analyse
vast amounts of data. For those businesses willing to tap into data analyscthere are
signi®cant opportunities to improve the bottom line and reduce supigl/project outcome risks.
Examples of these, such as Al/machine learning and smart cities, are discusg in sections
4.2.3 and 4.2.6, respectively. Today's supply chains are more multi-tied, geographically
far-reaching and complex than ever. This can have signi®cant impltcans for supply chain
transparency and the ability to identify opportunities, mitigate risksral ensure that a supply
chain is operating ef®ciently and cost-effectively. In buildings, dataight be generated by a
very wide variety of sources, including:

design and construction (e.g. BIM)

post-occupancy evaluation, enabling as designed, as operated and as maintaed to be
analysed

E—
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utilities, building services, meters, building management systesnetc.
infrastructure and transport systems

enterprise systems (e.g. purchasing systems, performance reporty; work scheduling,
etc.)

maintenance and replacement systems, enabling a shift from preveniae maintenance to
prescriptive maintenance

operational cost monitoring and
information and communication technology (ICT) systems and equipnmé

Data from these sources can be used to understand behaviour, assess performae, improve
market competitiveness, allocate resources and so on. The emergence of theToimproved
data standards, big data analytical technologies and visualisation tediques are increasingly
enabling these problems to be overcome, allowing decision-makers to undetand and
interrogate complex data from a variety of source$®
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“Smart' in this context essentially means the connectivity of a building {@sset components)
and its occupants, the infrastructure of a city with its services and the dailyés of its
residents and occupants through the loT. It also means harnessing innovatis via data
analytics and even automated machine learning data analytics from the tacollected from
this connectivity. A feature of a smart building is the recording of real-timaformation to
enable instant optimal performance, whether that be buildings servige(heating/lighting, etc.)
or usage (utilisation of space). These two elements can then support the hélaland well-being
of occupants and mitigate their impact on the environment’

Smart cities and smart buildings use ICT and the loT to manage resources and assemore
effectively, the aim being that the sharing of data, data analytics, Al, macta learning and
3D printing can create a smart environment (see Figure 12), and that natiovdigital twins
can further enhance their performance using lessons learned to enrich thesial well-being
of their citizens and occupants. For more information, see the RICS insighaper Big data,
smart cities, intelligent buildings + surveying in a digital world
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Figure 12: What is a smart city?
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Distributed ledger technology is probably better known as “blockchain’, whictsisynonymous
with Bitcoin, a cryptocurrency that has had some impact on the ®nancial sectoo(fmore
information, see the RICS insight papeBlockchain: an emerging opportunity for
surveyors?). But what is blockchain? Essentially it is a record or simple database (ledger)
of transactions, payments and/or agreements where their associated deils are recorded

by either sharing or disseminating according to pre-agreed privileges acss a number of
participants (distributed) using the internet as a conduit (technologyphe information is
recorded and stored chronologically and predominantly decentralised,ral therefore is not
controlled by a single party (e.g. a bank or government).

Once published, it cannot be altered without the consent of the collective pads.*® Therefore,
a secure, transparent, auditable, simultaneously updated one veian of the true record of
transactions is created, which has the potential to increase productiwt and therefore reduce
cost, through greater ef®ciencies by cutting out the intermediaries

Although blockchain is very much in its embryonic stages in the built environmerit can offer
in®nite possibilities to surveyor¥.Using blockchain could be considered if the following are
key criteria for project transactions:

trust

security in terms of hacking of data and risk of changing records

there are multiple users involved in the decision-making process and

transparency for all in the transactions is required.

E—
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The built environment may incorporate blockchain in stages, building on its @dncements,
®rst for the transactional process including automation, then ®deliggpvernance and data
management>®

Smart contracts are an application of blockchain, whereby a computer program es a set of
‘iffthen’ rules to automate the process of transactions. The “ifithen'ules are predetermined
obligations, milestones associated with the numerous transactits associated with any built
environment contract. An obvious example would be payments: if the predetenined amount
of work has been completed to the predetermined speci®cation, then the validat within
the blockchain will sign the payment off and payment could automatically be proceed.>
However, one current drawback is that there is no room for ambiguity or subjentty in the "if/
then' rules and decision-making process. There will also be upfront resoues required to set
the “if/then’ protocols, which may incur upfront legal costs to generate the vak-for-money
savings in the total expenditure costs$?

The inherent secure and immutable nature of blockchain could aid the liabiéis and copyright
issues associated with federated models, with any changes or contributions being cerded
and saved within a "block' for ease of reference at a later date and their fee payment
included in the “if/then’ protocol. A BIM model via blockchain could be used to record the
origin, provenance and authenticity of an asset's materials, from epsdction to manufacture/
production to construction and incorporation into the asset as a wholé?

Blockchain has the potential to transform the real-estate market by enablg property
transactions to become simpler, quicker, cheaper and more secure. Combined i
tokenisation (the digitisation of an asset), blockchain could offer real &de surveyors with a
new way to conduct business and invest in property* Tokenisation has enabled currencies
such as Bitcoin to emerge, where currency is not represented by traditional pisical notes,
but is digital only (cryptocurrency). In a real-estate scenario, an asset gtal be converted
into a digital token; investors could purchase a percentage of the asset in the for of tokens
via cryptocurrency, which would increase or decrease in value accordingly. The blockain
guarantees the ownership is immutable and cuts out third parties. Howevethis is currently
only theoretical due to the legal implications and regulatory policiedaying catch-up to these
potentially transformative capabilities.

B%L%S/.""+34/+F")$/

A digital twin is a realistic 3D digital model of a real physical thir¥§.The digital twin is
connected to the real asset, providing real-time performance feedback taatilitate smarter,
informed decision-making to ensure the asset is running to its full poteiatl, not only in terms
of cost but also carbon and the social well-being of its occupants/users. As stat in the
CDBB's Demonstrating the Potential of Digital Twins , "by providing real-time data about
its condition and how it is being used, digital twins will have an important role to @y in
planning and managing our key assets'. A digital twin can also be used to run simations
and ‘optioneering' exercises within the digital environment to ensarthe best solutions are
implemented within the physical domairt® A digital twin could also be an extension of the BIM
model that was used for the design and construction phase, plugging into otherystems to
create a real-time dynamic/telemetry interfacé’

The vision for a national digital twin is not for one UK-wide asset/infrastruate twin but for
individual twins that are connected, creating an “ecosystem of connected ditil twins'>®
These can be created by different companies in different sectors; for exanmglbuilding
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portfolios, utility infrastructures (water, transport, energy ancgtecom networks) and many
more.>®

The city of Helsinki, in its bid to become a carbon-neutral city by 2035, placed bigiing
energy data into a semantic 3D model (see Figure 13). The aim is to provide reaié reliable
data that could inform planners and decision-makers to assess the poterdl and available
resources for energy ef®ciency improvements while at the same time alimg property
owners and managers to assess the property's energy consumptio?

Figure 13: The solar potential of Helsinki Olympic stadium (image of the sol ar
energy potential of Helsinki Olympic Stadium by Helsinki 3D+ is license d under CC
4.0 International)
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Virtual reality (VR) technology is on the increase and adds further to the potaitbene®ts

of BIM. As VR equipment becomes more affordable, the potential for use by the pi@ssion
increases. It allows clients and users to be engaged with throughout the life cieof the
asset. Virtual models can be created of complete developments, allowing cliesmand other
stakeholders to take virtual tours around projects before they are constried. This will enable
clients to better visualise the space, since the immersive environment willav them to
interact with it and check its ®tness. For example, "Goldman Sachs estimatesathby 2025
the VR market in real estate could be worth £1.99bn and disrupt the way properties arlet
and sold'®* VR can help with the visualisation of whole cities pre-construction and canform
the decision-making process. Wyndham city in Australia is using mixed hmyraphic reality
to present a 3D image of its future city so that citizens can comment on the future befe it
becomes a reality.

This virtual world can also be merged with the physical or actual world in either augmted
(AR) or mixed reality (MR) formats. This is of great bene®t to FM surveyors as figurts them
in their role when carrying out maintenance by providing real-time infimation.
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The impact of drones on the built environment cannot be underestimated and, i
predictions of 76,000 drones being in use by 2030, this impact is likely to contire to be
substantial®?

Currently, drones are used in land surveying, creating ef®ciency saysnin terms of labour and
time. But the advantage they bring in terms of employees' health and safety is odlue when
it is too dangerous for humans to gather data. They can capture images for site inspéons
and topographical surveys and, in conjunction with smart apps, can analyse da in real time
to offer solutions and support faster, more accurate decisions. Surveyg drones boast quick
data-collection times, excellent positional accuracy and safe ogrator experience.

BY%LY%EE/N[/

One of the latest innovations in mobile communication is 5G. Its combinatioof high speeds,
massive bandwidth and low latency supports larger, faster transfers of dataral will better
support the integration of telecommunication technologies, inclding mobile, ®xed, optical
and satellite. It is set to greatly support improvements in AR, VR and robos as it enables
multiple users to interact with each other in real time. It will support the techhogy to quickly
capture, organise and analyse large volumes of video information, proWg a visual snapshot
of a project in almost real time. The high bandwidths of 5G offer greater capalylito support
videos in the CDE of the BIM model, providing current visual information to the gject team.

B%-/ J<>>31D/

We are now entering what some believe to be the fourth industrial revolutiorhe
computerisation of manufacturing, providing contemporary automigon, data exchange and
advanced manufacturing technologies. New technologies are developingt @&xponential
speed and the opportunities they offer the surveying profession are immee. Now is the time
for surveyors to respond and take up the challenge of change, and to adopt technologse
that can add value to their services and con®dently move them forward into the nesra.
Appendix A shows the potential for technology in speci®c RICS professional asea
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Having considered the various perceptions of BIM and beyond, and the digitalansformation
it brings, surveyors now need to consider its potential for their business. Wthey engage
with these continuous and emerging technologies and grasp the new opportunés that they
present? Or will they look on while others move forward and add value to their busss?
Depending on the size of an organisation, some will have a higher capacity to iovate than
others. However, regardless of size, everyone needs to re ect and questn why they do
things the way they do. Is it just because they have always been done that way, or do thelo
them that way because they add value to their service provision?

N%L/  M43)/&=/3#+"&)

This insight paper has established that BIM level 3 terminology is no longer ®t farrpose and
that we need to judge ourselves and our projects against the stages as laid down in8BEN
ISO 19650.

In order to move forward in your BIM journey, you may need to.

1 Identify where you are in the "BIM' maturity: ~ undertake a business audit of the
current BIM position to identify the current capacity and capability of yaor organisation in
terms of existing protocols, procedures and technologies.

2 ldentify the technologies that can add value to your role: transformation of an
industry begins when new technologies connect with new business models to enaél
new ways of doing things, leading to new and better products and service&

3 De®ne where you want to be in terms of BIM  and ensure that individuals within an
organisation have the same perception of BIM as that of the business. A uni®e$ion
of BIM is essential, especially as there are currently several versions oéttruth. Look at
how you manage your information and see how this compares with BIM stages 1 to 3.
If you think you are working at BIM level 2, see how that compares with stage 2. What
changes do you need to make to achieve your vision?

4  Develop a clear value proposition and a business case for the adoption of
new technologies: review the bene®t to the business and the associated costs of
implementation.

5 Establish a new business model based on realistic targets and capabilit y:
consider the current operations of the business and question if they are all needeThen
look to the business capability and assess what (if any) changes need to be made in
terms of procedures, policies and technology.

6 Understand and work with the challenges: develop strategies to overcome the
challenges, which will reinforce adoption. It is essential to have a clear undganding
of contractual and legal implications, insurance-related issues, tising and education
requirements, commercial issues and copyright and intellectual propeyrtright issues.
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7  Review and revise organisational characteristics: promote a culture that looks to
positively encourage innovation and technology.

8 Adopt a change-management programme: people are key to resisting change and
their in uence cannot be underestimated in relation to the bene®ts of BIM techlomy,
knowledge management, decision-making, processes and leadership. Ideifyi the
changes required to implement BIM and make individuals aware of these changes.
Provide them with the knowledge they need to make effective changes to their way of
working.

9 Nurture organisational learning:  develop a supportive BIM-learning environment with
appropriate systems in place to capture, record and manage BIM knowledge.

10 Monitor adoption and review: as new technologies improve and increase, monitor the
added value the organisation has achieved with its current technologies and agayour
business model if you choose to implement the most recent.

N%-/ G<+<!5/#*3445)'5%/

There is potential for disruption in moving from BIM “levels' to "stages' (drthen across
stages). Therefore, it is imperative that the challenges are identi®ed so thabpesses and
strategies can be considered that either mitigate or overcome their impact.

Challenges worth considering include the following.

The appointment process for the various project participants will need toresure that BIM
and the required competencies are incorporated into the selection critexi

Those trying to map where they are on their BIM journey may ®nd stage 3 challenging
in terms of its probabilistic nature, and establishing what they need to do tochieve it,

as well as the different terminologies used (as discussed earlier). Thessues can be
found at varying degrees in an organisation and/or on a project at the orgarasional level,
from the client, consultants, designers, contractors, subcontrators and suppliers, which
compounds the challenges of implementatior?

The industry is recognised as being slow to incorporate change; therefore, its ture is a
signi®cant obstacle in adoption.

Organisations are operating on low pro®t margins, which inherently makentroducing
change a risk and therefore an obstacle to progression. Tangible bene®ts need to be
articulated to the industry, and a clearer understanding of the ef®ciep@nd ®nancial gains
on offer is needed®

Is there a signi®cant client demand to drive through the changes in processes and
work ows required?5®

Training is needed to improve understanding and capabilities. This is a comtment to
expenditure, time and resources, all of which are in short supply in the industrTraining
and education need to be across all phases and roles within an asset's life cyclephonly
discipline-speci®c model software, but also around new ways of working and tlaborating
to procure, design, construct and manage assets across their whole life cycle.he
training has to be continuous, life-long learning, in addition to contiraus professional
development, to ensure that skills keep pace with the industry's digital tresformation®’

@&2A$BCBC =+>?$/34/0"N



I"HB06&'&(#$)%$*+,-$./0/'12$'(134%) (51'/)3$/3$ " #$67$8)34'(&8'/)3$139$/3%(14'(&8'&(#$4#8")(

New skill sets will be required, such as data analytics. This will require univéiss, further
education colleges and professional bodies to review their courses and compencies to
ensure the capabilities are there to implement the digitalisation of ¢hindustry®®

There is a substantial technology, information and ideas gap hindering the smta
delivery, operation and performance of assets, portfolios and smart citse Bridging this
gap requires collaboration across all disciplines. Universitiegesearchers, engineers,
architects, computer scientists, mathematicians, economistspsychologists, gamers and
anthropologists, among others®® need to realise the aspirations for the built environment
and social well-being of UK citizens, outlined as real bene®ts of the digitali®n vision of
the built environment.

Changes to ways of working, new business and procurement models all have
collaboration, openness and trust at their centre across the supply chain,dm those
engaged with delivery to those responsible for the operation, maintenance dn
performance of the asset “creating for the ®rst time an integrated model of agsaeation
and operation'® For example, the design process needs to adapt to shifting demands,
including more upfront work; this requires input from a number of differdrparties not
normally involved in the concept stages, which brings associated procurenm issues’

More emphasis on sustainability analysis, engineering and “optioagng, in parallel with
capital and operational expenditure consideration$, needs to be supported by the
updated/new standards envisaged to be ISO-related documents.

The increase in data collection and open publishing has created national sedty and
personal privacy issues. The UK government is introducing a new Centre for RaEthics
and Innovation to review the existing governance by engaging with the indtry to explore
and advise on how to ensure ethical, safe and innovative uses of dataln addition,

there will be interoperability issues associated with the open and big data platims, and
complexities in accessing and allowing access to the data, such as privacy, con®atality
and regulation preventing public data from being accessed by private gopanies”®

There will be legal implications associated with copyright, intellectual gperty, ownership
rights and insurance liabilities associated with the single model design delopment
attributes and the new business models and procedures at the differing stageof an
asset's life cycle, which will need to be agreed*

There will also be challenges associated with new technologies:

+ selecting the appropriate hardware and software for BIM implementatn, allowing for
compatibility and interoperability with the rest of the industry

+ Al current capacity to machine learn is rudimental

+ drone application is limited by load capacity, airspace regulations,uisance and
privacy issues (for more information, see RICS insight pap&trones: applications and
compliance for surveyor$

+ of®ce site prefabrication is still restricted by transportation of g structures; demand
is low partly due to perceptions of a temporary nature and the high set-up costs of
facilities

+ 3D printing requires signi®cant investment and

+ the logistical challenges of storage space associated with the models and inforrtian

exchanges’
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The costs associated with implementation, training (not only in terms of the ewses and
experts to carry out the training but also the reduction in workforce produtivity during

the period of training), the investment into new technologies and hard and sofare. The
inability of the majority of the industry to be able to make investment plarmg decisions for
the long term while they have short-term cash ow pressure$:

Like data, knowledge is an asset and it is essential for any business to plan, mage,
operate, monitor and control the knowledge it uses to inform decisions. Knowlegke is
often lost from organisations as, when staff leave, knowledge usually leas with them.

If knowledge is an asset, then the organisation is missing something capabbf offering
value. Surveying businesses must become learning organisations pable of capturing,
transferring and reviewing lessons learned when adopting BIM-enaldgechnologies

or processes. These lessons could then be shared across the surveying sector as

best practice. The publication of ISO 30401:2018Knowledge Management Systems D
Requirementsprovides guidance for implementing an effective management system for
knowledge management in organisations.

Finally, we should no longer be concerned about the transition from BIM mattyior level: the
key is to be prepared for the information the client requires and to provide it in arparopriate
format that will facilitate ef®ciencies and effective decision-miakj by the application of
appropriate technologies. This has never been more relevant as it is today. Alset nation
moves to restart its economy, it needs to re ect on the speed of change made to its practies
and the use it has made of technologies to support workers in their homes, during ¢
production process and on construction sites. The chartered surveyor ness to build on
these changes and accelerate the adoption of digital tools and processes that drance

the management of information and continue to respond positively to the challges set by
COVID-19.
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BIM development was initially around design, construction and the 3D model i 4D and 5D
potential. This model-centric work ow was informed and supported by mtional standards,
protocols and procedures. More recently, these standards have been interrti@nalised to
satisfy the needs of the global market. Emphasis has now moved away from teclotogies and
towards information management, and is more concerned with the approprie quality and
guantity of information in a format that is capable of being worked on collabotaely in order
to make correct decisions ®rst time. However, the potential that technologyrimgs cannot be
overlooked (especially regarding data management and analysis, the 10Tl &nd digital twins),
as there is now a greater requirement to consider global work ow patterns and déaboration.

To capitalise on the continued digitalisation of the built environnme there are educational
challenges that need to be addressed by universities, further education debes, professional
bodies, organisations and individuals. New ways need to be found for provig people with
the necessary skills to embrace the digital economy; this may mean changes to edational
courses and professional body quali®cations for those enteringdhindustry. Additional
ongoing support will be needed for those who are already part of it, cultivating autture of life-
long learning to keep apace with the digital innovations and their impact.He new models of
education should not only continue with but also place greater emphasis on calboration, not
just across traditional built disciplines but also disciplines from ber sectors, harnessing and
integrating their knowledge and skill sets into the built environment preésional services.

The built environment sector is currently in a state of ux, with governmestand industry
leaders trying to transition people, processes and technology into the evesxpanding

and innovative digital age. This digital transformation brings with it @mises of ef®ciencies
in productivity and reductions in waste, with the ultimate potential to mduce cost and
programme savings and better outcomes at a project, city and society level.

As with any transitional period, a plethora of ideas brings with it change that needs take
shape and crystallise into the new way of doing things. BIM is part of this change and has i
fact set in motion the current changes that the sector is witnessing. It has broug about new
ways of working, but the perception of BIM has changed over the years. It is imporid to
understand what this change is and where it is coming from to separate the hype from réty
in order to discover the opportunity and challenges this new era can bring.

Acting with integrity, maintaining high standards of service, promotg trust, treating others
with respect and being accountable for your actions are RICS' values which frame the
professional and ethical standards of its member$ Such ethical standards need to be
maintained and adhered to when incorporating digital innovations iatthe built environment.
Pertinent to these ethical dilemmas is Al and its machine-learning algthhm capabilities,
which are enabling the replication of, and potential to even exceed, humantelligence. The
built environment is at the nascent stage of Al adoption and is therefore in a goodogition

to counter ethical considerations (such as inequalities due to unintentiohéor otherwise) bias
within the algorithm decision-making programming) by ensuring transgancy.
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The right to privacy versus collecting data about individuals (sensorsdial recognition,
surveillance, etc.) need to be considered, including how to ensure secuyitand anonymisation
of the shared, open access data troves that inform machine learning. The voluméd o

data collection in the future will be unprecedented and the potential bene®tsahcan be
derived are powerful, but with this comes responsibility. It is critical thesetl@cal issues are
considered if we are to achieve societal and industry-wide acceptance of the integtion of
these technologies, and if we are to avoid/mitigate any would-be “techlash' + éhbacklash
against unchecked technology advances, as seen in high-pro®le ethical la&hes in other
sectors.

Relying on regulatory intervention, in the UK the Centre for Data Ethics anghvation will
predominantly trial these innovations. We should learn from previesundustrial revolutions:
short-term advancement, such as exploiting carbon fuel for greater indusalisation, should
not be prioritised over long-term considerations, such as climate instaliy. The fourth
industrial revolution's data and Al could be the new oil and carbon fuel. Thet, “digital
ethics' should be embraced within the transformation of the built environent to avoid
unintended consequences as a result of their deployment.

This insight paper has aimed to take readers through the evolution of BIM, frorhé¢ 2008
de®nition of BIM in terms of levels to the current BS EN ISO 19650 best-practicdanmation
management documents that replace levels with stages. BS EN ISO 19650 does not ekpitly
refer to BIM level 2, since BIM level 2 is deemed "business as usual, and it does not eef

to BIM level 3. It offers a framework in which to integrate information managesnt and the
digital innovations of today and of the future into the design, constructim maintenance and
operation of a built environment asset.

Clearly and rightfully, the focus has shifted from BIM as a technology, insteadihging
information management to the fore. In addition, and closely aligned to éhprocess, is
digitalisation: an overview has been provided of some of the innovationsdhpotentially

can be adopted by the surveyor. Appendix A is an initial attempt, based on a reviewf the
literature and industry reports, to assess the potential value of these ¢anologies to some of
the RICS surveying groups in terms of low, medium or high impacts on the role. @e again,
this perspective on value is evolving as technologies evolve; therefore, fluer analysis of how
these technologies can be implemented by each surveying group is still reqad. The overall
aim of Appendix A is to provide readers with “food for thought' as to what, where and how
they may implement these technologies into their role and/or innovate filiver to add value to
their role.

The transition period is far from complete and the industry varies from pocketsf @xcellence,
to those looking for the next step in their BIM journey, to those attempting to ansition to
BIM level 2 (as per the 2008 de®nition), to those who are not engaging at all and are gang
on with their own version of business as usual. Therefore, this insight paper is aapshot in
time. The landscape has changed signi®cantly over the past 10 years; who can pliet with
any certainty the next 10? 'BIM' as a term (overtaken by “digital twins') andersearch for its
de®nition and a step-by-step guide to implementation will probably never be de&d.
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Each project is no longer looked at in isolation; instead, it is considered how thesergects
come together to create a Digital Built Britain. Surveyors need to ensure that threvision is
consistent with that of the organisation and the bigger ecosystem they serve.his needs to
be the starting point for implementation: surveyors have to be clear about éhwhat, why and
how of BIM and the digital innovations, as this will inform their de®nition, wh in turn creates
their vision. This has to be the foundation upon which transformation begins

However, that transformation has been kick started by the industries resptse to the current
pandemic. COVID19 has been a national challenge and has left the constructionduastry

and the nation's economy reeling in its aftermath. As an industry we are now begrurged to
restart, reset and reinvent’®. In the short term, the construction industry must get back to
work and restart the economy by increasing its output and employment. It must aatinue to
increase productivity and become more pro®cient in its adoption of digitaé¢hnologies that
will support the sharing of data and information across the supply chain to supptthose
ef®ciencies that drive improvements in productivities. Finallyevare being asked to transform
and collaborate through the adoption of digital and manufacturing tetnologies to facilitate
added value®.

Surely now must be the time to drive forward with BIM and support the economy and our
industry in its recovery. Let us build upon what we have done and use this knowledge t
perform better.

To summarise, this insight paper has attempted to:

recap the background to BIM

track the evolution of BIM from 2008 to 2019, collating all the terms and concludg that
there are no levels, only stages

con®rm the current state of play in the built environment's transition tagitalisation
review prominent digital initiatives available to the surveyor and

as the de®nition of BIM changes, describe the broader landscape of digital technolegi
that will play a crucial role in the transformation of the built-ena@nment sector.
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