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ABSTRACT

The building sector can potentially support the mitigation of the effects of climate
change as buildings worldwide have, both directly and indirectly, a major impact on
emissions and resources usage. Among all the phases of the building life-cycle,
operations have the biggest environmental impact. However, facilities managers often
operate on the edge of sustainable compliance and do not implement initiatives to
enhance sustainability. The aim of this research is to develop a sustainability
measurement system specific to facilities management and a new methodology to
support the implementation of building information models for existing buildings in
order to achieve better sustainability performance in facilities management with the
support of Building Information Modelling. A mixed methods approach, which
included a literature review, interviews, analysis of secondary data, workshop,
questionnaire surveys and a focus group interview, was used to reach the research
aim. The results of the research have several contributions to knowledge, more
specifically the development of a sustainability performance and reporting tool aimed
at achieving better sustainability performance during building operations, and the
RetroBIM framework which was created to support the development of informantion

models for existing buildings.

Through the interview of facilities managers it was found that at operational level the
financial aspect is currently the main driver of sustianable FM and that the focus for
the implementation of sustainable initiatives is on few specific aspects such as the
reduction of CO,, carbon emissions and waste. The interviews highlighted a lack of
targets linked with sustainable FM and the literature confirmed the absense of
practical tools for supporting sustrainable FM. This research attempts to fill this gap
by developing a tool for the evaluation of sustainable performance in FM, which
includes specific performance indicators and a measurement tool that facilities
managers can use to assess their sustainable performance and verify the effectiveness

of the initiatives they have developed.

Part of the tool developed includes the use of Building Information Modelling (BIM),
which is currently used to support different phases of the building life-cycle but has a

limited impact of FM. Through a focus group interview aimed at understanding the



benefits and barriers of integrating BIM and FM it was found that implementing BIM
for existing buildings is a key issue, stopping facilities managers from engaging in
BIM. The results were confirmed through a questionnaire survey which showed that,
among the 753 responses collected, only 3% of the respondents work for companies
that create models for existing buildings. This is due to a series of limitations of the
processes currently available for developing information models for existing

buildings, including complexity of the process, skills required, time and cost.

To extend the benefits of BIM into FM this research presents a new approach called
RetroBIM which supports the development of information models for existing
buildings and provides facilities managers the opportunity to create models tailored to

their building, management strategy and users.

The reseach concludes with a partial test on three case studies of the tool for the
evaluation of sustainable performance and the RetroBIM which confirmed that the

two tools are not only beneficial but also practical.
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Chapter 1 Introduction

There is scientific evidence that the effects of climate change will disrupt the
environment (All6 & Loureiro, 2014), society and economy (HM Government, 2012),
with effects that will last for decades (European Commission, 2012). It has been
estimated that without major changes taking place, the impacts of climate change will
cause at least 5% loss in global gross domestic product (GDP) each year, with peaks

over 10% in some of the poorest countries (Stern, 2008).

Until a decade ago, global warming and climate change were considered to be just a
hypothesis (Yau & Hasbi, 2013), but analysis of the scientific literature shows that
there is consensus that humans are causing changes in the global climate (Tol, 2014).
Although it is very likely that the emission of greenhouse gases (GHGs) at the current
rate will cause global warming and climate changes larger than that observed during
the 20" century (IPCC, 2014), owing to a lack of historical data and literature,
especially for developing countries (IPCC, 2007c), it is not possible to predict and
evaluate the long-term impacts. Nevertheless, there is a need to tackle the issue and
reverse the trend as nature is exploited beyond the limits of regeneration (Ramskov &
Balslev, 2016), and the current strategies for sustainability are insufficient (IPCC,

2013).

In 2007, the Intergovernmental Panel on Climate Change (IPCC) identified the
building sector as the economic sector with higher CO, mitigation potential compared
to energy supply, transport, industry, agriculture, forestry and waste (IPCC, 2007b).
As indicated in the report on residential and commercial buildings (IPCC, 2007a), the
opportunities to reduce GHGs emission from buildings and therefore mitigate the

effects of climate change can be achieved by:

e reducing embodied energy and all forms of energy consumption;
e cenhancing the use of low-carbon fuels and renewable energy; and

e controlling other non-CO, emissions.



1.1 Building performance

The building sector has, both directly and indirectly, a major impact on global GHGs
emissions during all stages of a building life-cycle. In 2010, buildings worldwide
accounted for 32% of global energy use and 19% of GHGs emissions (Chalmers,
2014). In Europe, 40-45% of energy consumption can be attributed to buildings,
together with a large amount of CO, emissions (United Nations Environment
Programme, 2009). Moreover, the building emission footprint is expected to increase

further, as population growth is predicted to occur by 2050 (CIOB, n.d.).
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Figure 1-1: Total Anthropogenic GHGs Emissions by Economic Sector (IPCC, 2014)

In the UK, 37% of GHGs emissions are caused by buildings, with the commercial and
public sector accounting for 36% of the total emissions. Half of the emissions are
directly produced through the use of fossil fuels while the other half is from
electricity-related consumption (Committee on Climate Change, 2014). In 2011, the
UK business sector was responsible for approximately 174 Mt of CO; (28.5% of the
UK’s total emissions) (Department of Energy & Climate Change HM Government,
2014), the vast majority of which resulted from the consumption of energy to provide
space heating/cooling, lighting and other support services, in order to maintain
comfortable conditions for the users. Over a third of global CO, emission can be

attributed to the combustion of fossil fuels to meet the energy demands in buildings
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(Lee & Yik, 2004), confirming that the construction industry has an important role to
play in the mitigation strategies for climate change (de Melo, Jannuzzi, & Ferreira

Tripodi, 2013).

Even though the construction industry has been described as motivated only by profit
and generally uncaring (Ding, 2008), in recent years sustainability has become a
mainstream concern (UK Green Building Council, 2011), and there has been an
implementation of sustainable practices aimed at minimising the negative impacts of
construction on the environment. These practices are mainly influenced by
government policies and regulations, top-management commitment and stakeholders,
all of which require improvement regarding environmental performances (Akadiri &

Fadiya, 2013).

Much research has been carried out in recent years on different sustainability
opportunities and aspects at various stages of the construction process (Wang, Wei, &
Sun, 2014), and sustainability is considered now to be one of the principal objectives
of building projects. The main focus of such research has been on sustainability for
design and construction (Reineck, Poltermann, May, & Pelzeter, 2011). However,
little attention has yet been paid to facilities management (FM) (Aaltonen, Méétténen,
Kyro, & Sarasoja, 2013), even though the operation phase can make the biggest
contribution towards achieving sustainability goals (Wood, 2006; Shah, 2007). In
addition, with the Climate Change Act in 2008, the UK Government established the
aim to achieve a reduction of GHGs emissions by at least 80% below 1990 levels by
2050. Achieving such a reduction of CO, emissions in line with these targets will

require buildings to perform much more efficiently.

However, whilst improved energy performance of new buildings can be driven
through green certification or changes to Building Regulations, the same instruments
cannot easily be applied to existing buildings. Given the current rate of new buildings
in the UK, it is estimated that approximately 85% of the buildings that will exist and
be in use in 2050 will have already been built today (CIOB, 2011) and 40% will be
pre-1985 (Stafford, Gorse, & Shao, 2011). Moreover, because over 80% of GHGs
emissions (United Nations Environment Programme, 2009) and 90% of energy

(Boyle, 2005) consumed during a building life-cycle take place during the operation



phase, and as “we do not have the luxury of replacing all existing buildings with new,
green construction overnight” (Miller, Pogue, Saville, & Tu, 2010), the involvement
of FM in the sustainable agenda is necessary. Only by extending sustainability to
building operations there will be a complete incorporation of sustainability within the
built environment (Reineck et al., 2011), with FM providing an active contribution
towards sustainability and adding value to organisations and customers (Elmualim,

Valle, & Kwawu, 2012).

1.2 Sustainable facilities management

FM is a discipline that appeared in the 1970s in the United States of America
(Alexander, 1996), and integrates people, place, processes and technology to ensure
functionality of the built environment (IFMA, n.d.) while meeting the primary
business objectives of an organisation. As such, FM includes a wvariety of
responsibilities, which may vary from company to company, and may include:
maintenance management, space management, project management for the
refurbishment of new buildings, premises management and administration of support
services (Hinks & McNay, 1999). The differentiation of activities involved within FM
and the growing building complexity, together with climate changes, governments
pressure for carbon reductions and environmental consciousness (Baharum & Pitt,
2009), means that innovative FM practices are called for (Pitt & Hinks, 2001), as well
as an increased engagement with sustainability (Elmualim et al., 2012). Sustainable
FM is defined as “the process which enables and enhances the capacity of
organisations to become more sustainable, while simultaneously strategically
improving their ability to achieve their main objectives by optimising environment,

financial and social factors” (Koukiasa, 2011).

FM has the potential to greatly contribute towards the sustainable agenda and, in
recent years, FM professionals have increasingly engaged in green practices within
business organisations (Hodges, 2005; Roper & Beard, 2006). However, there is still a
need for FM to develop and implement sustainable solutions that integrate people,
places, technology, products, values and services to achieve a more sustainable
operating environment (Lee & Kang, 2013), while ensuring that any new sustainable
practices do not adversely affect the ability of primary business units to effectively

perform their primary function (Nielsen, Jensen, & Jensen, 2009). Currently, a lack of
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tools, a need for accurate data, the impossibility of making informed decisions (BIFM,
2015), the need for understanding current performance and forecasting future
behaviours, together with inadequate professional and scientific training (Ikediashi,
Ogunlana, Oladokun, & Adewuyi, 2012), are obstacles to the implementation of

sustainability practices in FM.

In recent years, the construction industry has started using Building Information
Modelling (BIM) to simulate buildings during design and construction phases. The
system comprises a virtual model of a building, which designers, constructors and
clients can manipulate to explore a wider range of design solutions beyond those that
would typically be available through computer aided design (CAD) alone (Kivits &
Furneaun, 2013). The projects can be virtually built and tested numerous times before

construction begins (Bryde, Broquetas, & Volm, 2013).

In the UK, the use and awareness of BIM has been influenced by the Government
Construction Strategy (SmartMarket Report, 2014) published in 2011. The UK
Government recognises the competitive edge and considerable growth opportunities
linked with the construction sector and uses the ‘Construction 2025’ strategy to set out
‘how industry and Government will work together to put Britain at the forefront of
global construction over the coming years’ (HM Government, 2013). The strategy

includes a series of targets for the industry that should be achieved by 2025:

e 33% reduction in the initial cost of construction and whole life cost;
e 50% reduction in time from inception to completion of a new building and
refurbishment;
e 50% reduction in GHGs emissions in the built environment; and
e 50% reduction in trade gap between exports and imports from construction
products and materials.
One of the strategic priorites included in the document is the implementation of BIM
technology aimed at the delivery of more sustainable buildings, the improvement of
productivity and lower costs by supporting information flow and collaboration. To
support the achievement of the strategy the UK Government has mandated BIM for
all centrally procured Government contracts from April 2016, pushing the contruction

industry to change their approach to projects.



The Government mandate had and still has a direct impact on design and construction
practises but whilst the design/construction phase of BIM is advanced, the operational
and FM phases are not. When managing a building, facilities managers have to be
aware of different aspects that influence the performance of buildings in use (for
example, end users, business requirements and building structure). The opportunity to
integrate organisational, operational and end-user data into BIM offers the potential to
enable facilities managers to manage their buildings more efficiently and effectively

whilst supporting the delivery of sustainable FM.

1.3 Statement of research problem

FM is a discipline that deals with the management, operation and running of services
of buildings and has the potential to improve the sustainability of buildings and that of
the company in general. Nevertheless, sustainable FM practices are currently not fully
understood, owing to, among other obstacles, a lack of specific tools and knowledge,
which prevent a full integration of sustainable practices into building operations. For
many years, it has been clear that to achieve sustainable FM, new tools are necessary
(Alexander, 2004) that will support facilities managers in evaluating their sustainable
performance — not only from an environmental perspective, but also from social and
economic perspectives, which are not specifically addressed (Balslev Nielsen,

Sarasoja, & Galamba, 2016).

The design and construction phases of the building life-cycle currently benefit from
using BIM as a unique data source and model during a building project. The
opportunity to evaluate different scenarios and analyse alternatives have made BIM a
powerful tool, which can also provide support to the implementation of sustainable
initiatives. However, the use of BIM during FM is still limited, with research
focussing mainly on recently completed buildings where models were available rather
than buildings completed without information models (Volk, Stengel, & Schultmann,

2014).



1.4 Research aim and objectives

This research aims at developing a sustainability measurement system specific to
facilities management and a new methodology to support the implementation of
building information models for existing buildings in order to achieve better
sustainability performance in facilities management with the support of Building

Information Modelling.

To achieve the aim, a series of objectives have been developed for the research:

1) Critically review sustainable FM in practice with a view to ascertaining the
underlying problems and challenges.

2) Establish the aspects that define sustainability in the facilities management
industry.

3) Investigate the FM relationship with BIM, exploring the benefits and barriers
of integrating BIM into FM.

4) Verify the applicability of the sustainability tool and BIM framework.

1.5 Outline of the thesis

The thesis comprises 9 chapters, as well as appendices that include relevant

supportive information.

Chapter One presents an overview of the research and defines the research

background, defining the problem and presenting the research aim and objectives.

Chapter Two focuses on the research methodology, and presents the adapted research

philosophy, approach and methods used in this research.

Chapter Three investigates sustainability and FM, focussing in particular on
sustainability at the operational level, which was investigated through a series of

interviews with facilities managers.

Chapter Four presents a new tool for the evaluation of sustainability performances,
based on the Balanced Scorecard. The chapter also includes the validation of the tool

through expert review.



Chapter Five investigates the current use of BIM during the different stages of a

building life-cycle through a literature review.

Chapter Six presents the results of a focus group interview and a survey questionnaire

aimed at understanding the relationship and the use of BIM for FM.

Chapter Seven presents the framework created for the implementation of building
information models for existing buildings. The chapter also includes the validation of

the framework through expert review.

Chapter Eight documents the implementation of part of the sustainability tool and the
BIM framework on three case studies, demonstrating the applicability of the two

tools.

Chapter Nine summarises the research process and discusses the results of the study,
verifying that the research aim and objectives were met, explaining the contribution of
this study to knowledge, recognising the limitations of the research and providing

recommendations for future research.



Chapter 2 Research Methodology

Research, as defined by Martin and Guerin (2006), is a “systematic inquiry into an
issue to investigate or resolve a problem.” The primary catalysts for research are
problems, in that the need for research rises when the existing knowledge is not
sufficient to solve a problem. Establishing the problem is fundamental for the
definition of every aspect of the research that will lead to the resolution of the
problem and an increase in knowledge (Fellows & Liu, 2008). Hence, the appropriate
research methodology and the overall design of the research process are
conventionally directed by the research problem (Thiétart, 2001). Any research
involves the utilisation of suitable research methods to fulfil the aims, followed by
effective data collection and analysis in order to create meaningful research output

and contribute to the existing knowledge.

2.1 Research philosophies

Research is a systematic and systemic process of analysis used to produce new
knowledge through suitable and appropriate methods, techniques and approaches.
(Naoum, 2013). The research philosophy, or paradigm, underpinning a research is the
sum of belief and assumption that guides the researcher and influences his/her
interpretation of reality (Creswell, 2013; Denzin & Lincoln, 2011). Research
philosophy has a major impact on shaping the research problems and questions
(Creswell, 2013) and, according to Amaratunga, Baldry, Sarshar and Newton (2002),
an understanding of the research philosophy is essential prior to beginning research.
As part of the process, the researcher makes a series of assumptions (Burrell &
Morgan, 1979), which shape the research, methodology and interpretation of the
findings (Crotty, 1998). The initial assumptions define the research philosophies and
consider the nature of reality (ontology), the nature of knowledge (epistemology) and
how values influence the research (axiology) (Potter, 2006) and can be represented as

three separate dimensions (Figure 2-1).
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Figure 2-1: Dimensions of Research Philosophy
2.1.1 Ontology

Ontology addresses the questions related to the nature of the world (Potter, 2006) and
the commitment to particular views (Saunders, Lewis, & Thornhill, 2012). The
question related with ontology that researchers should ask is “what is the nature of
reality?” (Creswell, 2013). Ontology comprises two antithetical aspects: objectivism
and subjectivism. Objectivism is the view that social entities exist in reality external
to social actors, while subjectivism deals with social phenomena, created from the
perception and the actions of social actors (Saunders et al., 2012). Saunders et al.

(2012) identify the following differences

Table 2-1) between meaning and reality, and research implications of the two aspects.
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Table 2-1: Ontology — Differences between Objectivism and Subjectivism (Saunders et al., 2012)

Objectivism Subjectivism

Meaning Based on external Based on personal
environment experience
Reality Determined by a set of laws | Determined by the people; a
set of laws does not exist
Research Researcher provides further =~ Meaning is found through
implication understanding of reality the work of the researcher

2.1.2 Epistemology

The second assumption, epistemology, considers what kind of knowledge is
acceptable, valid and legitimate as part of the research (Bryman, 2012; Mingers,
2003) and how knowledge is communicated (Burrell & Morgan, 1979). According to
Creswell (2013), to understand the epistemological position of the research, the
question to answer should be “what is the relationship between the researcher and that
being researched?”. There are two epistemology paradigms: positivism and
constructionism, which is also identified as antipositivism (Burrell & Morgan, 1979)
or interpretivism (Bryman, 2012). In positivism, knowledge is established from a
verified hypothesis, whilst in constructionism, knowledge is constructed from
experience and iteration (Potter, 2006). Table 2-2 summarises the differences between

positivism and constructivism (Potter, 2006).

Table 2-2: Epistemology — Differences between Positivism and Constructionism (Potter, 2006)

Positivism Constructionism

Regards the world as objectively “out Claims that the only world we can

there,” real and completely separate study is a world of meanings,

from human meaning-making represented in the signs and symbols
that people use to think and
communicate

Assets there is only one true, objective | Accepts that there are types of

knowledge that transcends time and multiple knowledge, and that

cultural location knowledge is highly contingent on

time and cultural location
Views knowledge as based on facts that = Views knowledge as constructed
are “out-there-in-the-world” waiting to  through people’s meaning-making
be discovered
Asks of knowledge “is it true?” Asks of knowledge “what does it
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do?”, “how can it be used, by whom,
and to what ends?”, “whose interest
does it serve?”, “what does it make
possible?”’

2.1.3 Axiology

Axiology is the third dimension of the philosophical assumptions and it focuses on
recognising values and ethics within the research process (Mingers, 2003). The
questions that can be asked about axiology is, what is the role of values? (Creswell,
2013). The two paradigms that comprise axiology are positivism and interpretivism
(Lincoln & Guba, 1985). The former believes inquiry is value-free, and depends upon
the selected research methodology, while the latter is value-bond, as the researcher

influences with his/her values the philosophical assumptions and the research settings.

2.2 Research approaches

Following the definition of the research philosophies, the researcher should focus on
the research approaches. The research approaches can vary from inductive to
deductive (Creswell, 2013). Saunders, Lewis & Thornhill (2007) summarised the

differences between the two approaches (Table 2-3), as presented below.

Table 2-3: Differences between Deductive and Inductive Approaches to Research
(Saunders et al., 2007)

Deductive Inductive |

Scientific principles An understanding of the meanings
humans attach to events

Moving from theory to data A close understanding of the
research context

The need to explain causal The collection of qualitative data

relationships between variables

The collection of quantitative data A more flexible structure to permit

changes of research emphasis as
the research progresses

The application of controls to ensure A realisation that the researcher is
validity of data part of the research process

The operationalisation of concepts to Less concern with the need to
ensure clarity of definition generalise

A highly structured approach

Researcher independence of what is
being researched

The necessity to select samples of
sufficient size in order to generalise
conclusions
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The two approaches are often indicated as in antithesis, incompatible with each other.
However, a third approach introduced more recently, the abductive research approach,

provides an amalgamation of inductive and deductive. (Saunders et al., 2012).

2.2.1 Inductive research approach

Figure 2-2: The Inductive Research Approach (Danermark, 2002)

According to Bryman and Bell (2011), inductive logic uses the findings as a
mechanism of theory generation. The inductive approach is based on the observation
of the empirical world and the formulation of concepts to explain the observation,
placing emphasis on how the world is socially constructed and understood (Blaikie,
1993). Inductive research is predominantly based on qualitative data in order to
explain the social phenomenon (Goering & Streiner, 1996; Strauss & Corbin, 1998):
rather than trying to quantify the information, qualitative researchers try to understand
a phenomenon and the context in which it exists (Myers & Avison, 2002). The data
obtained by studying a phenomenon is then analysed to identify themes and develop a
conceptual framework (Saunders et al., 2012). Typically, the inductive researcher
begins with the analysis of a particular case, moves to the creation of general facts
based on the observations and data collected, and finally develops theories based on

the findings from the particular context researched (Spens & Kovécs, 2006).

2.2.2 Deductive research approach

Figure 2-3: The Deductive Research Approach (Danermark, 2002)

The deductive research approach is a theory testing process, aimed at understanding
whether an established theory or generalisation can be applied to specific instances
(Kenneth, 2000). According to Saunders et al. (2012), the deductive approach begins
with theory development, based mainly on a literature review, followed by a selected
research strategy employed to investigate the theory. The goal of deductive research is
to create generalisable laws by identifying statistical relationship within a sample

population (Ackroyd, 2004). In the deductive approach, the presence of a hypothesis,
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which the researcher translates into measurable research objects to test, is
indispensable (Bryman & Bell, 2011), and requires the use of quantitative data,
standardised measures and statistical techniques (Bryman & Bell, 2011). The
researcher using a deductive approach is required to set preconceptions aside and

identify objective facts based on empirical observations (Myers, 1997).

2.2.3 Abductive research approach

Figure 2-4: The Abductive Research Approach (Danermark, 2002)

Charles Sanders Peirce (Suddaby, 2006) described the abductive approach as a
combination of deductive and inductive, which aims to produce new knowledge by
encouraging creativity or intuition in research. The aim of the abductive research
process is to suggest new theories (Andreewsky & Bourcier, 2000) and understand
new phenomena (Alvesson, 2009). During the process, data collection and theory
building happen simultaneously, with a “back and forth” direction between theory and

empirical study (Spens & Kovacs, 2006).

2.3 Research methods

The research methodology allows to achieve the research aims and objective
(Brewerton, 2001) through systematic data collection and analysis (Collis, Hussey, &
Hussey, 2003). The methodological choice requires the researcher to identify the
structure of data collection and data analysis (Thiétart, 2001). The rationale behind the
chosen research methods guides the research process and how the findings are
accumulated (Franz & Robey, 1987). There are two types of research methods:
qualitative and quantitative. Qualitative research methods include an ‘“array of
interpretive techniques which seek to describe, decode, translate, and otherwise come
to terms with the meaning, not the frequency, of certain more or less naturally
occurring phenomena in the social world” (Van Maanen, 1979), whilst quantitative
methods provide a precise measurement of a phenomenon (Bryman & Bell, 2011).

The differences between quantitative and qualitative research are summarised in
Table 2-4 (Kumar, 2011).
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Table 2-4: Differences between Qualitative and Quantitative Research Methods (Kumar, 2011)

Quantitative research Qualitative research

Underpinning | Rationalism: “That human

philosophy beings achieve knowledge
because of their capacity to
reason” (Bernard, 1994)
Approach to Structured/rigid/predetermined
enquiry methodology

Main purpose
of investigation

To quantify the extent of
variation in a phenomenon,
situation, issue, etc.

Measurement Emphasis on some form of

of variables either measurement or
classification of variables

Sample size Emphasis on greater sample
size

Focus of Narrows focus in term of

enquiry extent of enquiry, but
assembles required
information from a greater
number of respondents

Dominant Reliability and objectivity

research value | (value-free)

Dominant Explains prevalence,

research topic incidence, extent, nature of

issues, opinions and attitude;

discovers regularities and

formulates theories

Analysis of data = Subjects variables to
frequency distribution, cross-
tabulations or other statistical
procedures

Communication = Organisation more analytical

of findings in nature, drawing inferences
and conclusions, and testing
magnitude and strength of a
relationship

Empiricism: “The only
knowledge that human
beings acquire is from
sensory experiences”
(Bernard, 1994)
Unstructured/flexible/open
methodology

To describe variation in a
phenomenon, situation,
i1ssue, etc.

Emphasis on description of
variables

Fewer cases

Covers multiple issues but
gathers required information
from fewer respondents

Authenticity but does not
claim to be value-free
Explores experiences,
meanings, perceptions and
feelings

Subjects responses,
narratives or observational
data to identification of
themes and describes these
Organisation more
descriptive and narrative in
nature

Although qualitative and quantitative methods are antithetical, researches can include
multiple data collection techniques, combining both qualitative and quantitative
methods (Saunders et al., 2012). The mixed methods research (Bogdan & Biklen,
2003; Tashakkori & Teddlie, 1998), or triangulation (Frankfort-Nachmias &
Nachmias, 1996), improves the reliability and validity of the research outcomes by

combining various research methodologies in the study of the same observable fact.
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(Burns, 2000). The mixing of methods overcomes the different weaknesses and
problems related to a single method by combining multiple theories, methods and

empirical material (Fellows & Liu, 2008).

2.4 The adopted research philosophy, approach and methods

Defining the research strategy ensures that the research aims can be achieved whilst
being epistemologically and ontologically commensurate. Therefore, it is important to
design a research process suited to the research aims and objectives. By using the
three-dimensional (3D) representation of the research philosophies, it is possible to
identify an area in which the research project is located (Figure 2-5), as choosing a

precise position on each of the three axes is unrealistic (Saunders et al., 2012).

a N

Constructionism

Epistemology
p
A

<

7
2,
%

Subjectivism

Ontology

Figure 2-5: Research Philosophies Area

As the research focusses on “the world as we (humans) know it” (Potter, 2006), and

does not aim in providing a further understanding of reality (
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Table 2-1), the ontological paradigm of this research leans more towards subjectivism
rather than objectivism. The epistemological paradigm adopted is constructionist, as
there are no “laws of nature” that could be refined with the research, but rather the
intention is to construct new knowledge through observation and interpretation
(Potter, 2006). Lastly, regarding the third dimension, the axiological approach leans
towards a value-bound approach, as the researcher does not seek objective knowledge,
and the “understanding is highly subjective and is filtered through his own
understanding which modifies and evolves as more understating is accumulated over

time” (Easterby-Smith, Thorpe, & Jackson, 2012).

The research focused on fairly new topics without adequate guiding theories related to
the research issue, hence an inductive research approach was utilised, aimed at
developing conceptual frameworks based on the study and an analysis of a
phenomenon (Saunders et al., 2012). To enhance the reliability and validity of the
data collection process, the research was conducted using a mixed methodology
approach, which provided a more holistic understanding of the topic (Creswell, 2013).
The research was developed following a sequential multi-phase design with a partially
integrated mixed methods research approach (Saunders et al.,, 2012) as the data
collection was conducted in multiple separate phases and quantitative and qualitative
methods were utilised together only for one of the research stages (see paragraphs
2.4.1-24.5). Figure 2-6 provides a summary of the different qualitative and
quantitative methodologies utilised during the resesarch to fulfill the Research aims
and Objectives (blue): with the exception of objective 4, literature review (in red) was
conducted for all aims and objectives, objectives 1, 2 and 4 were met using qualitative
methods (in green) whilst for objective 3 both qualitative and quantitative methods (in

purple) were used.

Objecnvez

m Literature review Literature review Literature review ase stu I
terviews Policies analysis Focus group interview Quest Aire SUrves

Questionnaire survey

Figure 2-6: Summary of Research Methods
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Figure 2-6 also shows that due to the nowelty of the topics the literature review
followed the progress of the thesis overtime and the different areas of focus of the
research (facilities management, sustainability, building information modelling) as
they evolved during the research period. To reflect this approach and create a clearer
link between the different areas of research it was decided to include part of the

literature review at the beginning of each chapter and not in a single initial chapter.

Following the initial literature review, which was used to identify the research aim
and objectives, the first research objectives was met through interviews with facilities
managers to investigate sustainability during building operations. The results of the
interviews were used together with the analysis of sustainability policies and a
workshop (objective 2), to develop a tool to support the delivery of sustainable FM
(research aim 1). As part of the tool developed included the use of BIM, the research
continues with an investigation on the benefits of and barriers to implementing BIM
for FM through a focus group. Following the focus group, a questionnaire survey was
developed to understand how the FM industry uses BIM, and to verify some of the
results of the focus group. The purpose of of the focus group and the questionnaire
survey was to investigate the relationship between FM and BIM and explore the
benefits of and barriers to their implementation (objective 3). The results were used to
meet the second research aim and develop a framework for creating an information
model for existing buildings, which was tested, together with the tool for sustainable

FM, on three case studies, to meet objective 4.

Table 2-5: Summary Thesis Chapters, Methods and Objectives

Chapter Research Research Research aim
Methods Objectives
1 — Introduction Literature
review
2 — Research Literature
Methodology review
3 — Sustainability | Literature 1 — Critically
and FM review review sustainable
Interviews FM in practice with
a view to
ascertaining the
underlying
problems and
challenges
4 — Sustainability = Literature 2 — Establish the 1 - Develop a tool to
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performance and

review

aspects that define

enable facilities

reporting tool Policies analysis | sustainability in the managers to evaluate
Workshop facilities sustainable
Questionnaire management performances in their
survey industry practices
5—-BIM Literature
review
6 —BIM and FM | Literature 3 — Investigate the
review FM relationship
Focus group with BIM,
interview exploring the
Questionnaire benefits of and
survey barriers to
integrating BIM
into FM
7 — RetroBIM Literature 2 - Develop a
framework for review framework for the
existing buildings | Questionnaire implementation of
survey building information
models for existing
buildings
8 — Case studies Case studies 4 — Verify
applicability of the
sustainability tool
and BIM
framework

9 — Conclusion

For clarity, the methodology developed as part of the first research aim to evaluate
sustainable performances can be applied as is to any organisation and building, hence
it has been defined as a tool. However, the methodology developed for the
implementation of building information models is defined as a framework as it serves
as a guide and should be tailored to each organisation and building’s requirements. As
the evaluation tool includes the use of Building Information Modelling, this is
presented first as part of the thesis (Chapter 4), followed by the identification of the
issue of developing information models for existing buildings and the framework

aimed at solving this problem (Chapter 7).

2.4.1 Research objective 1 — Critical review of sustainable FM in practice with
a view to ascertaining the underlying problems and challenges

The initial part of the research project was carried out to understand sustainable FM

and how it is implemented as part of the FM role. As the objective was to critically
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review sustainable FM in practice, the focus was on facilities managers’ experiences
on sustainability matters. Interviews were deemed to be an appropriate tool for data
collection as they allow access to honest and open responses whilst potentially
broadening the conversation through the interaction between interviewer and
respondent (Saunders et al., 2012), and cover concepts and themes that the researcher

might not have considered.

Objective 1

Literature review

Figure 2-7: Objective 1 research methodology

2.4.1.1 Research objective 1 — Interviews

Of the different types of interviews (structured, semi-structured and unstructured), the
researcher opted for a semi-structured approach, which allowed the interviewer to
cover pre-defined questions and conduct additional probing based on the conversation
with the interviewee. The questions used for the interviews are presented in Table 2-6,
together with the rational for each question. Before the first interview, the questions
were reviewed by a team of academics to verify the clarity of the questions and ensure
that the questions were not biased in the way they were phrased. The questions used

during each interview were:

Table 2-6: Sustainability in FM Interviews Questions
Question \ Purpose \
1. Could you please tell me your Provide an overview of the respondets’
experience in FM? profile
2. Could you please describe the
facilities you manage (e.g. type of
buildings, sqm.)

3. Does your company have a Verify how the corporate sustainability

sustainability policy and how does
FM align with it? Do you have a
sustainable FM policy? If yes what is
the goal?

How is the policy translated into
operation? How do you pass along

vision is translated into FM goals and
what is the support provided by FM to
the corporate sustainability vision

Verify if and how the sustainability
policy is applied at operational level.
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the sustainability requirement to the
staff and supply chain?

5. How do you apply sustainability in
your job? How do you deal with
sustainability in the day-to-day
operation?

6. Do you have sustainability targets?
What can be measured in sustainable
FM?

7. If so, do you have processes to
achieve the targets?

8. How important do think

sustainability is for FM?

you

9. What do you think are the challenges
or critical factors of implementing
sustainable FM in your company and
in the industry?

10.Do you have any formal
requirements in the contract with
your client?

Establish the involvement of staff and
supply chain in achieving sustainability
targets and what type of
initiatives/requirements are in place for
them.

Establish how sustainability impact the
day-to-day role of facilities managers.

Establish if facilities managers have
formal targets that needs to be meet in
terms of sustainability.

Establish which aspects of sustainability
are actively measured by facilities
managers.

Provide an understanding of the
interviewee’s view on sustainability and
what is the perception of sustainability in
the FM industry.

Establish what are the barriers that are
preventing the implementation of
sustainability practices in FM

Verify if facilities managers have any
contractual requirement that need to be
meet from their clients

Establish how much clients impact the
implementation of sustainability in FM.

As the insight provided through interviews is influenced by the data collection process
and analysis (Patton, 2002), sampling remains a key aspect that needs to be addressed
during the research design. Non-probability sampling techniques were used for
interviews, and although qualitative data collection should continue until data
saturation is reached (Saunders et al., 2012), owing to time limitations the researcher
limited the sample size to 20, which is in line with the minimum sample size indicated
in literature (Saunders et al., 2012). The interviewees were identified though snowball

and self-selection sampling techniques.

Where possible, the interviews were conducted face-to-face, but where a meeting in
person was not a viable option, the interviews were performed over the telephone. All
interviews were recorded with the agreement of the interviewees to facilitate the

analysis process.
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All interviews were then transcribed and coded to identify recurrent themes and
provide an overview of how sustainability is delivered by facilities managers. The
trascription of the interviews can be found in Appendix 1. The coding process
followed the template analysis approach (King, 1998), where a set of codes are
identified prior to the analysis (priori codes) from the theoretical background, and
additional codes (post priori codes) are developed during the analysis of the
interviews. The coding process was conducted using QSR NVivo to efficiently
manage the transcription and simplify the coding process. The transcription were

reviewed using the process of inductive coding (Thomas, 2006) :

1. Preparation of raw data files in a common format — each interview was
transcribed and imported in NVivo

2. Close reading of the text to familiarise with the content

3. Creation of codes — initial upper-level (priori codes) derived from the aims of
the review followed by lower-level (post priori) derived from the reading of
the raw data. Sustainability policy, sustainability goals and targets, sustainable
initiatives, sustainable requirements for the supply chain and from clients,
sustainability in the FM industry, barriers to sustainability were used as priori
codes, which were then integrated with three additional post priori codes.
Figure 2-8 shows the coding process through NVIVO: where relevant, the text
of the transcription was linked to a specific node. In the image the text was
coded against the Sustainability policy and sustainability goals and targets

nodes.
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Interviewer: Talking about sustainability does the university have a sustainability @ g - % 28 2.3 ‘é
olicy? S @232 5E7
O S 4fsgEss
: : l% g&de 2 g

Respondent: Yes it does have. S & 2
g
2

Interviewer: How do you align with these policy, do you have a translated version of

the policy for the FM department or you try to align with the overall policy of the

university?

Respondent: We don’t have anything at the moment that sort of translated into FM but

generally all of our policies and procedures have an element of sustainability there. We

try to align ourselves with the main university policy. We sit on the sustainability

committee etc.

Interviewer: Interms of general sustainability in FM do you have any formal goal that

vou need to meet in every vear. or anything specifically vou need to comply with.

Respondent: The only one I am aware is of carbon reduction targets. We are just in the

process of reviewing the policy and the strategy of sustainability. I think we will have

more individual targets. At the moment, the only one I am aware of is the carbon

reduction commitment.

Interviewer: Anditis more related to the hard part of the. ..

Respondent:  yes. itis all related to the energy use basically.

v

=|pob

Figure 2-8: NVIVO example of coding
4. Continuing revision and refinement — the interviews were reviewed several
times to ensure all the relevant parts were coded and included in the analysis.
NVivo cabability to show the different part of the texts labelled with the same
code (or node in NVivo) was then used to understand the respondent’s
approach to the single themes and analyse the responses. Figure 2-9 shows the

example of part of text linked with the node ‘barriers to sustainability’.
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Reference 2 - 4.08% Coverage

I think in terms of things like the recycling and anything in our residences, getting students on
board is very difficult. Our recycling rate parti cularly in our residencies is terrible, students don’t
seem to buy into it. I would have imagined there would be younger generation buying into
sustainability. That has al ways proves to be quite a challenge, getting students to buy into what
you want to do.

zInternals\13= - § 2 references coded [6.23% Coverage]

Reference 1 - 5.26% Coverage

Tthink itis easy to get these incentives, especially if you report it to finance which most FM
people tend to, is to get the buy in for cost saving exercises. If you going to say, [ am going to
recycle these stuff, and our branches in business improvement district, one of the things we pay

for free recycling, and get about my waste and out it there and reduce my waste or if you looking
at, and tim e switches turning, heaters online, just in terms of electricity.

Reference 2 - 0.97% Coverage
Soitis easy to get the cost reduction stuff in_ but not so easy for the other stuff.
<Internals\\14= - § 2 references coded [4.70% Coverage]

Reference 1 - 2.64% Coverage

I think it has been able to prove that if vou are going to get the savings that you say are going to
get and in our business, because we are very reactive and our work fluctuates up and down
through the vear.

Figure 2-9: NVivo nodes analysis

The results of the interviews are presented in Chapter 3 Sustainability and Facilities

Management.

2.4.2 Research objective 2 and research aim 1- Establish the aspects that define
sustainability in the facilities management industry and develop a tool to
enable facilities managers to evaluate sustainable performances in their
practices

The second objective of the research was to establish the aspects that define

sustainability in FM, which were used to develop a tool to enable facilities managers

to evaluate sustainability performance (research aim 1). The two objectives were

achieved through three different steps:

e analysis of sustainability policies;
e workshop; and

e questionnaire survey.

The results of the three steps are presented, together with the tool for sustainability in

FM, in Chapter 4
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Sustainability Performance and Reporting Tool .

Objective 2
Research aim 1

Figure 2-10: Objective 2 and Aim 1 research methodology

2.4.2.1 Research objective 2 and research aim 1 — Analysis of sustainability

policies

The first step used to establish the aspects that define sustainability in the facilities
management industry (objective 2) was the analysis of sustainable policies of FM
companies, with the aim of understanding how the concept of sustainability is
envisioned at a corporate level for FM organisations. The analysis of secondary data
is mainly used for explanatory research (Saunders et al. 2012) and was selected as an
appropriate method to meet the aim, as it provides an unbiased view on the topic.
Such a view is necessary as empirical studies have criticised the use of questionnaires
and interviews for collecting data on sensitive issues, as they might be biased and the
interviewee might be reluctant to talk about certain topics (Harris, 2001). The aim of
documents analysis as research method is to attain a description of a phenomenon
through the identification of concepts and categories describing the phenomenon (Elo
& Kyngis 2008). Moveover, the use of primary source of information (Cooper &
Schindler, 2013) such as sustainability policy allowed a prompt access to the
information — pubblicly available on internet — compared to other research
methodology (Blumberg, Cooper & Schindler, 2011) and higher quality of the
findings compared to self-collected primary data (Saunders et al. 2012). The
companies included in the analysis were selected through a non-probability, purposive
sampling method, which allowed for an in-depth understanding of the key themes
analysed and ensured that relevant companies were included in the sample (Saunders

et al., 2012). The selected companies for the analysis are FM providers who are
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involved in sustainability initiatives, such as the Sustainable FM Index, the UK’s only
benchmark of sustainability in FM (Acclaro Advisory, n.d.) and provides their
policies online. These policies were coded through NVivo using an open coding
technique where codes are derived from the text, allowing “the researcher to find the
answers within” (Blair, 2015). The coding technique allowed for the identification of

a list of themes and objectives that define sustainability in FM.

As the knowledge on the different aspects which define sustainability in facilities
management were limited, the analysis followed an inductive content approach where
the particular instances observed in the policies were combined to generate the

definition (Elo & Kyngés 2008).

2.4.2.2 Research objective 2 and research aim 1 — Workshop

Based on the results of interviews with facilities managers and the analysis of the
sustainability policies, the researcher developed a tool to support the enhancement and
development of sustainability in FM (research objective 3). Following the initial
development of the tool, the researcher organised a workshop with the aim of
reviewing the tool and ensuring that all key aspects were included. The focus group
interview method was selected for this part of the research, as the workshop’s
participants are encouraged to discuss the topic and share ideas (Krueger & Casey,
2009). Moreover, a focus group allows for the collection of a large amount of
information from several people simultaneously (Berg, 2009), which was required to
complete the development of the tool. To facilitate the moderation of the focus group,
avoid the fragmentation into sub-groups and allow all the participants to contribute to
the conversation, 10 participants were selected through snowball sampling, based on
their knowledge of sustainability and FM and number of years they have worked in
the facilities and construction industry (Table 4-5). After an introduction to the tool,
the participants reviewed all objectives, performance indicators and measurement

tools, discussing how the objectives should be improved.

2.4.2.3 Research objective 2 and research aim 1 — Questionnaire survey

The final step was the validation process of the tool for sustainability in FM. Owing to

the complexity of the tool, validation relied on the participants of the focus group,
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who had a full understanding of the tool and were able to provide meaningful
feedback. The validation occurred after the workshop through an online questionnaire.
Although alternative methods were considered for the validation process, the online
questionnaire was selected for two main reasons: firstly, an online questionnaire
reduces the level of commitment required by the participants as they can respond at
the time that best suits them, and, secondly, owing to time limitations, other methods

such as one-to-one interviews were not viable.

2.4.3 Research objective 3 — Investigate the FM relationship with BIM,
exploring the benefits and barriers of integrating BIM into FM

Following the development of the evaluation tool for sustainable performances, the

focus of the research moved to BIM and FM,. The research objective was to

investigate the FM relationship with BIM and it was meet through two different steps:

a focus group interview and a questionnaire survey. The results are presented in

Chapter 6 Building Information Modelling and Facilities Management

Objective 3

Literature review

Questionnaire survey

Figure 2-11: Objective 3 research methodology

2.4.3.1 Research objective 3 — Focus group interview

As BIM is a fairly new topic, in particular its relation to FM, the investigation began
with a focus group aimed at understanding the benefits and barriers associated with
integrating BIM into FM. According to Kvale and Brinkmann (2009), focus group
interviews are well suited for exploratory studies in a new domain as the interaction
during the interview may produce spontaneous responses and cognitive views.
Vaughn, Schumm and Sinagub (1996) confirm that focus groups are particularly

useful for exploratory research where little is known about the topic.
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The focus group was developed following the four stages presented by (Morgan &
Scannell, 1998):

Figure 2-12: Focus Group Stages (Morgan & Scannell, 1998)

Planning stage

The planning stage is key during the development of a workshop in order to obtain
valuable results (Krueger & Casey, 2009). Four questions were developed to facilitate
the conversation among the participants during the workshop. The questions used
during the focus group are presented in Table 2-7. Before the workshop commenced,
the questions were reviewed by a group of academics who verified the clarity of the

questions and that there was no bias in the way they were phrased.

Table 2-7: BIM and FM Focus Group Questions
Question Purpose

I. How can BIM help Facility Establish how BIM would impact FM
Managers to manage their facilities? = practices and what benefits can be

achieved with the implementation.

2. Intelligent BIM: How can BIM help Establish what aspects or functionality
facility = managers to manage BIM can provide to support FM
buildings in a more sustainable way? = operational needs.

3. What kind of data does FM need in = Establish what type of operational
order to use BIM? information should be included in a BIM

model for FM purposes and how should
be organised.

4. Research, education and policy: Establish which aspects are currently
What are the key areas of research preventing the implementation of BIM
that would benefit from the for FM.
integration of FM and BIM and the
value it can bring?

During the workshop, participants were divided into three pre-arranged groups. The
groups were organised to have a balance between the different professional groups
represented and knowledge on the workshop’s topics. Groups remained unchanged
during the first part of the workshop (which covered questions 1 and 2) and were

subsequently modified for the third and fourth questions following the same logic.
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The workshop was designed so that each group firstly discussed the different
questions within the group, with the support of a moderator, and then presented their

findings to the other participants.

Recruitment stage

One of the key aspects of achieving the required result and gathering data that
contributes to meeting a research objective is the selection of the participants (Pope &
Mays, 2006). The sampling strategy used for the workshop was a non-probability
snowball sampling, which is appropriate for exploratory data collection (Saunders et
al., 2012). The participants were required to have experience and knowledge in FM

and an understanding of BIM in order to be able to contribute to the discussion.

Moderating stage

Each group worked on each question with a separate moderator that encouraged the
discussion within the group using flip charts to review the different areas discussed.
The results of the discussion were then presented to all the participants in a five-
minute summary session that enabled further discussion within the different groups.
The summaries of each of the group, together with the spontaneous discussions, were

recorded using an electronic recorder so the data collected could later be analysed.

Analysis stage

The analysis of the data collected during the workshop was based on a qualitative

analysis approach comprising four stages (Lacey & Luff, 2007):

e transcribing all presentations and comments recorded;
e organising the data;
e preliminary coding of interesting concepts; and

e identifying themes.

The coding process followed the same process used to code the interviews (paragraph
2.4.1.1) with the support of NVivo: as the objective of the focus group interview was

to explore the benefits and barriers associated with integrating BIM and FM, the
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themes identified during stage four of the analysis were then classified as benefits or

barriers.

2.4.3.2 Research objective 3 — Questionnaire survey

Following the focus group interview a questionnaire survey was used to understand
the gathered data on the relationship between FM and BIM. The questionnaire survey
was selected for data collection as it allows to identify and describe the variability of a

phenomenon (Saunders et al., 2012).

The questionnaires can be classified as descriptive (census-type questionnaires) or
analytic (relationship-type questionnaires). A descriptive approach considers the
number of occurrences in a population to determine the frequency of a specific answer
and identify opinions or specific characteristics, whilst the analytic approach is used
to understand the links between groups of data (Oppenheim, 2000). As the research
objective was to understand the relationship between FM and BIM, the questionnaire
was developed using a descriptive approach, and used to investigate the use of BIM.
The questionnaire was divided into three sections, each dealing with a specific topic

and including both open, closed and ordinal-scale questions.

Table 2-8: BIM and FM Questionnaire Survey Sections and Type of Questions

1 - Profile of Provide an overview of the = Open-ended questions
Respondents respondents’ profile Closed-ended questions
2 — Inefficiency in FM Identify which, among a Ordinal-scale questions

list of tasks provided, are  Open-ended questions
the most inefficient in FM
Validate the list and ensure

it included all FM tasks
3 - BIM awareness, Understand the Ordinal-scale questions
knowledge and use relationship between FM Closed -ended questions

and BIM, the knowledge
on the topic and the
current use of information
models in the FM industry

Before issuing the survey, a pilot questionnaire was distributed within a group of

colleagues known to the researcher, who were asked (Saunders et al. 2012):

e how long the questionnaire takes to complete;
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e how clear the instructions are;

e which, if any, questions were unclear or ambiguous;

e which, if any, questions the respondent felt uneasy about answering;
e whether in their opinion there were any major topic omissions;

e whether the layout was clear and attractive; and

e if they had any other comments.

Following the positive feedback from the pilot, the web-based survey was sent via
email to all members of the BIFM across the United Kingdom as the targeted
population. The BIFM online database of members was considered as to be the
sample population, as BIFM represents the largest group of FM personnel across the

whole of the UK, including members from various business sectors.

It should be noted that it was not necessary to collect a specific number of responses
from participants representing different job roles or industries, because the purpose of
the data analysis was not to perform cross tabulation or comparison between
responses from specific professions, but rather to provide a general overview of the

FM industry and BIM.

2.44 Research aim 2 — Develop a framework for the implementation of
building information models for existing buildings

The results of the focus group and the questionnaire survey were used to establish a

framework that would support the development of information models during

building operations.

Literature review

Figure 2-13: Aim 2 research methodology

Following the development, the framework was validated using an online
questionnaire. Similar to the validation of the sustainability tool, the online

questionnaire was selected to minimise the commitment required from the
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respondents and reduce the time taken for data collection. As the framework focuses
on two specific topics (BIM and FM), the participants (Table 7-3) in the validation
process were selected through snowball sampling because experts in the two areas.
The results of the validation process are presented, together with the BIM framework,

in Chapter 7 RetroBIM Framework for Existing Buildings.

2.4.5 Research objective 4 — Verify the applicability of the sustainability tool
and BIM framework

In the final part of the research, the sustainability tool and BIM framework were

partially implemented in three case studies. The objective was to verify the

applicability of the two tools to different scenarios and organisations. Case studies

were selected for this objective as they provide an understanding of the context of the

research (Eisenhardt & Graebner, 2007), and increasing conviction about a subject

(Gray, 2016).
Objective 4

Figure 2-14: Objective 4 research methodology

The three case studies were selected to represent the different phases of a building
life-cycle (new construction, mid-life, end of life) based on convenience and access
(Yin, 2013). Although there is no ideal number of cases (Gray, 2016), especially since
the purpose of the case study was not to generate theory, this number was deemed
sufficient to establish whether the tool can accommodate different needs and
requirements based on different buildings and companies. The data collection for the
case studies was conducted through face-to-face interviews. The participants in the
three case studies were asked the same questions (Yin, 2013), so that differences in

responses and approaches could be easily identified.

Regarding the sustainability tool, the interviewees were requested to answer a series
of closed-ended questions and evaluate the list of sustainable objectives included in
the tool in order to identify sustainable priorities relevant to their business and

building. Following the interview, the sustainability policy of each case study was
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mapped against the priorities to verify the alignment between FM and the direction of

corporate sustainability.

For the BIM framework, the interviewees were asked to identify information that
would be useful for the management of their buildings and should be implemented in
the information models. At the end of the interview, each interviewee was asked to

provide a feedback on the two tools through a series of pre-defined questions.

Table 2-9: Case studies feedback questions

¢ Do you think the tool would be useful and facilitate the
implementation of sustainable initiatives?

e Would you implement the tool?

e Do you think the tool can be practically implemented in the
industry?

¢ Do you think there are benefits to implementing the tool?

e Do you think there are barriers to implementing the tool?

e Do you think the tool is useful and facilitates the
implementation of information models for existing
buildings?

e Would you implement the tool?

e Do you think there are benefits to implementing the tool?

e Do you think there are barriers to implementing the tool?

Sustainability tool

BIM framework

The case studies are presented in Chapter 8 Case studies.
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Chapter 3 Sustainability and Facilities Management

It is estimated that in the UK the built environment alone is responsible for almost
half of the CO, emissions and water consumption and one-third of waste to landfill
(Price, Pitt, & Tucker, 2011). Compared to other phases of the building life-cycle,
operations has the biggest environmental impact (Elmualim, Shockley, Valle, Ludlow,
& Shah, 2010), hence facilities managers have a better opportunity to deliver effective

sustainable initiatives than other professionals within the built environment.

Within an organisation, the role of FM is to provide an environment that supports the
primary objectives of the organisation itself (Alexander, 2004), whilst aligning with
the business and organisational vision (Baaki, Baharum, & Ali, 2016). In relation to
sustainability, the role of FM is to be “able to manage, implement and deliver an
organisation’s non-core business services that contribute to the improvement of the
economic, social and physical environment” (Cotgrave & Riley, 2012). Moreover, the
role of FM has the potential to promote sustainably sound behaviours (Ramskov &
Balslev, 2016), enhance quality of life and create effective relations with communities
(Brad & Fred, 2016), as FM can have a direct impact on healthy living and social
cohesion (Ikediashi, Ogunlana, & Ujene, 2014).

Among the professionals involved in the building lifecycle, facilities managers have
the potential to deliver sustainable management in practice (Elmualim et al., 2010)
owing to their role in the operation and management of properties. The realisation of
sustainability goals requires an on-going commitment from FM throughout a
building’s life (Min, Morgenstern, & Marjanovic-Halburd, 2016) beyond the
environmental aspect: “it is becoming acceptable that sustainable FM will need to
take into account social, economic and environmental aspects of sustainability to
deliver a rounded service, which is demanded in modern times” (Elmualim et al.,

2010).

However, there is not a full appreciation of how the FM industry can support
sustainable developments (Price et al., 2011), and although companies understand the
role of sustainability in their core business, they are still operating on the edge of
compliance (Moriarty, 2014). As indicated by Pitt and Hinks (2001) and Jensen, van
der Voordt, Coenen and Sarasoja (2014), FM is perceived and applied as a cost
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management role rather than a strategic one. Although business-driven workspaces
have been proven to be more productive than cost-driven ones (Price, Beard, Ellison,
& Matzdorf, 2011) there is still no objective way to identify the value that FM brings
to business (Hinks, Wright, & Halford-Maw, 2012). Thus although research and
practitioners have argued for years about the importance of FM as an added value to
the organisations (Jensen et al., 2014), and despite the evidence of economic return of
sustainable investments, such as the £13M savings and 13,8% CO; achieved across
3000 public estates by the UK Government between 2010 and 2011 (CIBSE, 2011),
facilities managers struggle to make a case for sustainability and shift the approach to

sustainability from a “box-ticking” task to a long-term commitment (Moriarty, 2014).

3.1 Sustainability vision, mission and policy

Within an organisation, aspirations and objectives for the company’s social,
environment and economic impact are defined based on the vision and mission, and

translated into the sustainability policy (Shah, 2007) (Figure 3-1).

Vision
'A challenging and imaginative picture of the future role and objectives

of an organisation, significantly going beyond its current environment
and competitive position' (R. L. Lynch, 2009)

Mission

'Outlines the broad directions that it [an organisation] shoud and will
follow and briefly summarises the reasoning and values that lie behind
it' (R. L. Lynch, 2009)

Goals

'State more precisely what is to be achieved and when the results are
to be accomplishes' (R. L. Lynch, 2009)

Policy

Figure 3-1: Hierarchy of Strategic Intent (adapted from: Miller, 1998)

The direction set by the organisation through the sustainability policy is conveyed to
the different business units, including FM, where it is used to define each business
unit’s strategy towards sustainability, together with the objectives of and contribution

towards supporting the organisation’s goals (Figure 3-2). However, RICS (2012)
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reported that facilities managers spend on average over 50% of their time dealing with

day-to-day operations, leaving little time for strategic sustainable FM.

Sustainable FM

strategy

Figure 3-2: Sustainable FM Strategy Alignment with the Business
3.1.1 Sustainability policy and facilities management

Since 2007, the BIFM has interrogated the FM professionals on sustainability topics
through the annual Sustainability Survey. Over the years, the results of the survey
have confirmed that the importance of sustainability in FM has constantly risen
(BIFM, 2014), and that the concept of sustainability has evolved and the focus is no
longer only on energy and waste (Shah, Davies, & Brogan, 2016). Although the
participants indicated legislation/regulation and corporate image as the main drivers
behind the successful implementation of sustainability practices, emphasising how the
Government, stakeholders and clients are playing a key role in sustainable FM
(Elmualim et al., 2012), a number of other factors have been evaluated as being of
significance, including organisational ethos, life-cycle cost reduction and the need to

optimise resource use and improve profitability (Shah et al., 2016) (Figure 3-3).
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Figure 3-3: Influences in Driving Sustainability (Shah, Davies, & Brogan, 2016)

Nevertheless, health and safety, waste management and energy management remain
the most important and mostly commonly covered areas of FM sustainability policies

(BIFM, 2015).

As part of the conclusion to its survey, BIFM recognises a series of emerging themes
that are affecting FM and have an impact on sustainable facilities management. These

themes are:

e the use of BIM and the increased provision of data that will support the focus
on people, carbon and life-cycle;

e the inclusion of social factors within the definition of sustainability, such as
pay, diversity, human slavery and social value, which will require reporting,
metrics and monitoring; and

e the inclusion within the FM role of wellbeing, productivity and life-cycle.

The results of the BIFM survey confirm that the concept of sustainability in FM has
broadened from focussing merely on environmental issues, which has also been
confirmed by other researchers (Ramskov & Balslev, 2016), and that the use of

technology and information can support the delivery of sustainable FM.
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Looking more specifically at sustainable policies, as part of a study on sustainability
and FM, Elmualim et al. (2010) used a survey within the FM industry and reported
that 31% of the respondents did not have a sustainability policy at company level and,
out of the 251 replies, 41% indicated an inconsistent (25%) or poor (16%)
organisational effectiveness in management of sustainability responsibilities.
Researchers agree that companies with environmental policies do not always act upon
the principle of these policies by implementing environmental and sustainable
initiatives (Elmualim et al., 2010); (Carpenter & Meehan, 2002) and that
sustainability policies are implemented at different levels by organisations (Price et
al., 2011).
To fully understand sustainable FM and how it can be improved, it is important to
verify what sustainability means at an operational level and if there are any gaps
between the directions set out in the policy and the day-to-day operation that prevents

the development of sustainability in FM.

3.2 Sustainability in facilities management at an operational level

The goals and objectives included in the sustainability policies need to be translated
into operational outcomes that provide direction and support to facilities managers to
effectively embed the principles of sustainability into building operations. If the
policies are not conveyed throughout the organisation, facilities managers are unable

to implement sustainable initiatives and support the organisation’s goals.

In order to better understand how sustainability in FM works at the operational level
and how much of what is set out in the policies is implemented in practice, twenty
facilities managers with different responsibilities and managing different types of
buildings were interviewed. The data collection and analysis process were presented
in section 2.4.1.1. All interviewees have multiple number of years they have worked
in the facilities and construction industry and were selected both from in-house teams

and outsourced FM teams delivering multiple services to clients
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I Experience Type of building managed In house/Contractor
1 5 years Educational Contractor
2 | 29 years Educational Contractor
3 15 years Offices Contractor
4 20 years Educational In-house

5 6 years Offices In-house

6 | Over 20 years Offices In-house

7 | Over 10 years Educational Contractor
8 | 23 years Offices and industrial In-house

9 | 6years Offices In-house
10 | Over 10 years Military In-house
11 | 12 years Offices Contractor
12 | 15 years Educational In-house
13 | 12 years Offices In-house
14 | 13 years Offices and warehouses In-house
15 | 28 years Offices, warehouses and data In-house

centres

16 | 4 years Educational In-house
17 | 6 years Offices and commercial Contractor
18 | 17 years Offices Contractor
19 | 5Syears Commercial Contractor
20 8 years Offices Contractor

Table 3-1: Sustainability in FM Interviewees

3.2.1 Interview findings

The interviews were initially coded following the key themes of the questions (section
2.4): sustainability policy, sustainability goals, sustainability in the FM industry and
barriers to sustainability. After the initial coding, a series of recurrent themes
emerged, which were included in the analysis in order to provide a complete overview

of sustainable FM at an operational level.

Sustainability policy

With only two exceptions (respondents 5 and 7), all interviewees work for companies
or clients that have a sustainability policy. Participant 7 works for a company that has

a sustainability policy, although the interviewee is not aware of it.
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Sustainable goals

None of the interviewees has formal sustainable goals they are required to meet
besides reducing waste to landfill (respondents 10 and 11) and achieving carbon

reduction (respondents 4 and 12).

Management

A few participants (1, 3,4, 7,9, 15, 16, 19) indicated that everyone in an organisation,
from the top management to the operational team, should be involved and champion
sustainability. Clear communication of the direction and targets of sustainability needs
to be in place, otherwise the corporate requirements become lost within the
organisation and cannot be translated into operating targets. Another risk, in particular
in large organisations, is that the direction set by the policy is not understood, such as
in the case of participant 7, who commented, “[...] when you talk about sustainability
in all honesty I am not really sure what the company wants. I think they need to raise

awareness of it [...].”

Sustainability initiatives

Although most of the participants do not have formal sustainability goals that they
need to meet, they all provided examples of sustainable initiatives developed in recent
years. These initiatives can be categorised into initiatives that have a direct impact on
the building and company performance, such as the use of renewable energy
(respondent 3) or equipment replacement (respondent 2), and initiatives that focus on
education and awareness of sustainability themes, such as campaigns to encourage
turning off the lights (respondent 13) or putting waste into the correct bins
(respondents 16 and 19). Overall, the initiatives discussed by the interviewees
focussed mainly on recycling and waste management (respondents 2, 5, 7, 16, 17, 18,
19, 20), energy usage (respondents 3, 5, 7, 9, 13, 17, 18) and carbon reduction
(respondents 4, 5, 18).
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Business case

Some of the initiatives discussed during the interviews require capital investment to
be implemented, especially in terms of building improvements or refurbishments. The
interviewees, both in-house and out-sourced, reported the need to build a business
case including all the costs and, in most cases, demonstrating a return on investment,
before being able to implement any sustainable initiative. The business case to justify
the project is created using different approaches: some of the interviewees do their
own research trying to identify the best possible solution available on the market
(respondents 14, 18 and 19), whilst others rely on knowledge and expertise within the

organisation (respondents 15 and 20) or external consultants (respondent 3).

Procurement

In larger organisations, the tender process is managed through a dedicated
procurement department with little or no input from the facilities managers on site
(respondents 10, 14, 16 and 17). During the tender process, the suppliers’ sustainable
credentials, such as ISO 14001 accreditation, and sustainable capabilities are reviewed
as part of the assessment, although the impact on the overall tender score is not
excessive (respondent 12). Moreover, the interviewees reported that, following the
procurement stage, the sustainable requirements for the suppliers are not included in

the contract or formalised in sustainable targets during the contract period.

Supply chain

Although companies do not impose sustainability targets and goals on their supply
chain, general sustainability requirements are conveyed to the contractors and
suppliers. The interviewees reported initiatives delivered in partnership with the
supply chain in two different ways: some facilities managers, such as respondent 11,
challenge their supply chain to deliver new sustainability solutions, whilst others have
a more prescriptive approach and prefer to provide a list of sustainable supplies and
materials that the supplier should use to deliver the services (respondents 2 and 7). As
part of their commitment towards sustainability, some companies award service
contracts to small- and medium-sized local companies (respondents 1 and 4) instead

of national enterprises.
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Clients

Both in-house and outsourced teams have to respond to the client’s requirements,
whether the client is an internal stakeholder or an external, as in the case of
outsourced FM contracts. If the client has an interest in sustainability, the facilities
managers have more opportunities to develop initiatives and improve the sustainable
performances. However, if the client is not concerned about sustainability, the
facilities managers struggle to obtain support and funds. Some of the respondents (3,
7, 11, 18, 19) highlighted how initiatives are more likely to be approved and
developed if the client is provided with clear financial benefits derived from

implementing the initiative in a short period.

Staff

Although staff are required to comply with procedures and company guidance, which
generally includes elements of sustainability, the individuals’ sustainability
performance is not reviewed or included in appraisals. As reported by respondent 3,

for some contractors, the commitment to sustainability is limited to toolbox talks.

Sustainability in the facilities management industry

All interviewees agreed that sustainability is important for the FM industry and that
the industry could have a positive impact on the environment and on society if
included in day-to-day practices. Nevertheless, due to the nature of the role and the
limitations within organisations, many sustainability initiatives are not implemented

and the real impact of the FM industry on sustainability is still quite limited.

Barriers to sustainability

All interviews clearly identified funds availability and the request for a return of
investment in a short period of time as two of the biggest barriers to developing
sustainability initiatives in FM. Another challenge is ensuring sufficient levels of
support from all organisational level: without the support from clients (internal and
external) and the management team, many initiatives cannot be implemented, and

without the support from staff and operatives, initiatives that are implemented will
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likely be ineffective. Some of the contractors interviewed (respondents 1 and 17) also
identified the lack of resources, not only financial but also in terms of time and

people, as one of the barriers to sustainability.

3.2.2 Discussion of the interview findings

The interviews have shown that, although all three aspects of the triple bottom line are
considered in sustainable FM, the financial aspect is more important than the others.
All the respondents reported the need to make a business case, and indicated that
initiatives with a short-term return on investment are more likely to be approved. As
in FM cost is a key aspect, the initial driver for sustainability is likely to be the

potential financial benefit.

Another aspect that emerged from the interviews is the importance of implementing
sustainability at all levels and stakeholder inclusion, as without a buy-in from all
parties, there are limits to what can be achieved: “[...] the top is not buying in and the
bottom is not buying in and we have got just a couple of individuals within the
business who have taken [sustainability] quite seriously; we are fighting a losing
battle [...]” (respondent 1). Moreover, larger companies encounter other problems
owing to the separation between the operational staff and the other levels: “[...] they
are based at one location, which is the head office and I have never met them ... they

have never come to the site to see what’s going on operationally [...]” (respondent 1).

As part of their role, facilities managers are not only responsible for implementing
new initiatives, but also for communicating changes and explaining the rationale of
what has been implemented. Without clear communication, resistance could influence
the outcome of the initiative “[...] I think that the biggest challenge for our office is to
be able to sell the benefits [...] to people that hate the change the most [...]”
(respondent 14); “[...] there are some difficulties [...] trying to get people to break the

norm [...]” (respondent 5).

In the journey towards sustainability, goals need to be aligned with the business. As
policies are strategic documents that set out a company’s approach to sustainability,
these should be translated into formal targets and used to evaluate the FM sustainable

performances. Targets should be achievable and meaningful, in that the nature of the
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core business needs to be taken into consideration when setting these targets. When
selecting sustainability targets aiming for a constant reduction year on year can lead
companies to stagnation points where further improvements are unlikely to be
achieved. Without a full understanding of how the business is developing and an
analysis of what has been achieved in the past, these types of targets can be
counterproductive and reduce the effort towards sustainability. The same approach
should also be applied to the supply chain: sustainability should not only be assessed
during the procurement stage but pursued during the duration of the contract via the
implementation of targets or key performance indicators (KPIs) measurements in

collaboration with the client.

Although the concept of sustainability in FM can be extended to all aspects of the
triple bottom line, the focus of the interviewees remained on specific aspects such as
the reduction of CO,, carbon emissions and waste. It can be argued that one of the
reasons why these aspects are still the focus of facilities managers is the opportunity
to easily collect data on performances and compare the results. Other aspects linked to
sustainable FM are less tangible and more difficult to measure, making the creation of
a business case for developing new initiatives a complicated task, as the performance
and improvements thereof cannot be monitored. This observation is confirmed by the
current deficit of sustainability measurement systems for the built environment
(Lynch & Mosbah, 2017). As such, to support the enhancement and development of
sustainability in FM, there is a need for a measurement tool that covers all aspects of
sustainable FM and provides an insight into the performances and improvement
achieved by FM over time, to support the development of business cases for the
implementation of new initiatives and evaluate the effectiveness of what is already

being implemented.
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Chapter 4 Sustainability Performance and Reporting Tool

When evaluating how the vision is translated into outcomes, organisations utilise
performance management systems (Oakland, 2004), which support the assessment of
business performance and the identification of opportunities for improvements. In the
same way, FM sustainability performance needs to be assessed and measured
(National Research Council, 2005) to understand how FM aligns to an organisation’s
sustainable vision and objectives, and help recognise the support provided by FM in
meeting the organisation’s goals. By adapting Oakland (2004), the measurement of

sustainable FM would enable facilities managers to:

e ensure requirements have been met;

e set objectives and comply with them;

e provide standards for establishing comparisons;

e provide visibility and “scoreboards” to monitor performance levels;

e highlight problems and determine which areas require priority attention; and

e provide feedback for driving the improvement effort.

As the focus on sustainable FM is growing, there are different sustainable
accreditations available on the market for the companies that wish to go beyond
compliance in sustainability, such as BREEAM. The purpose of the accreditation is to
provide guidelines (Ramskov & Balslev, 2016) on how to deliver and improve
sustainability during building operations and verify sustainability performance over
time. However, the number of companies and buildings with such accreditations is

low.

BREEAM was the first commercially available environmental assessment tool for
buildings (Haapio & Viitaniemi, 2008), and according to the BREEAM website
(BREEAM, n.d.), they are the world’s leading sustainability assessment method, with
80% of the European market share. BREEAM provides specific accreditation for
buildings in use, and in 2015, just over 10 million m* was certified (BREEAM, 2017),
which approximately represents the office floor space in the City of London (City of
London, 2016). Since BREEAM was established in 1990 in the UK, many other

environmental assessment tools have been launched around the world (Haapio &
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Viitaniemi, 2008), such as the Leadership in Energy and Environmental design
(LEED) in the US, Ecoprofile in Norway (Todd, Crawley, Geissler, & Lindsey, 2001)
and the Hong Kong Building Environmental Assessment Method (HK-BEAM) (Lee
& Burnett, 2008), which also provide environmental assessment methods for existing
buildings. Table 4-1 summarises the different topics covered by these environmental

assessment methods.

Table 4-1: Comparison of Topics Covered in Environmental Assessment Methods for Existing
Buildings
(BREEAM, 2016; U.S. Green Building Council, 2009; Pettersen, 2000; BEAM Society, 2016)
BREEAM LEED Ecoprofile HK-BEAM

e Management ¢ Sustainable Sites e External e Management

e Health and e Water Efficiency Environment e Site Aspects
Wellbeing e Energy and e Resources e Materials and

e Energy Atmosphere e Indoor Climate Waste Aspects

e Transport e Materials and e Energy Use

e Water Resources e Water Use

e Materials e Indoor e Indoor

e Waste Environmental Environmental

e Land Use and Quality Quality
Ecology e Innovation in

e Pollution Operations

. e Regional Priority

As shown in Table 4-1, the majority of these certifications focus only on the building
hardware (Graubner, Pelzeter, & Pohl, 2016), with limited analysis of aspects not
linked to energy, materials, waste and water usage, and excluding key aspects of
sustainable FM linked with building and company operations. Moreover, the
generally limited funds available in FM (Cotts, Roper, & Payant, 2010) does not make

accreditations a viable solution for numerous companies.

Facilities managers can nevertheless use performance measurements to positively
change culture, systems and processes (Baaki et al., 2016) whilst working towards the
company’s sustainability objectives and testing the FM strategy and its effectiveness
(Amaratunga & Baldry, 2002). Yet because the measurement of FM sustainable
performance is not supported by any defined comprehensive process, there is a need
for practical tools for supporting sustainable FM (Elmualim et al., 2010). The tool
would help FM in improving sustainable performance and achieving goals and

objectives in line with the organisation’s strategy.
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4.1 Performance improvement

Performance measurement is the “process of assessing progress towards achieving
pre-determined goals, including information on the efficiency by which resources are
transformed into goods and services, the quality of these outputs and outcomes, and
the effectiveness of organisational objectives” (Amaratunga & Baldry, 2002) and

traditionally has three different purposes (Baaki et al., 2016):

e to ensure the achievement of goals and objectives;
e to evaluate, control and improve procedures and processes; and
e to compare and assess the performance of different organisations, teams and

individuals.

By incorporating the strategic direction set in the policies, performance management
provides support for the identification of goals, the allocation of appropriate
resources, sharing performance results and providing feedback on the viability of the
policy (Baaki et al., 2016). Among the performance measurement systems available,
the Balanced Scorecard is the more comprehensive framework for business processes
improvements, with worldwide adoption (Wongrassamee, Simmons, & Gardiner,

2003).

4.1.1 Balanced Scorecard

The Balanced Scorecard is an internal strategic management tool “used to set
priorities, focus energy and resources, strengthen operations, ensure that employees
and other stakeholders are working towards common goals, establish agreement
around intended outcomes/results, and assess and adjust the organisation’s direction in
response to a changing environment. [...] Effective strategic planning articulates not
only where an organisation is going and the actions needed to make progress, but also
how it will know if it is successful” (Wilsey, Rohm, Perry, & Montgomery, 2013).
According to Kaplan and Norton, creators of the Balanced Scorecard in the early
1990s “there is a huge gap between the vision and strategy developed at the top and
the things people down in the organisation, at the frontline, are doing” (de Waal,
2007). An evaluation of an organisation is generally based on profit, which alone does
not provide a comprehensive understanding of an organisation’s performance. The

Balanced Scorecard, however, expands its performance evaluation by including three
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additional operational measures: customer satisfaction, internal business processes

and innovation and improvement (Berry, Broadbent, & Otley, 2005).

The financial perspective allows one to assess business performance through financial
data and indicates whether the strategy implemented has led to economic success.
Customer satisfaction covers both customer demographics data and how products and
services have been disseminated across different customer groups (Wilsey et al.,
2013), whilst the internal business processes focus on aspects such as efficiency,
speed, quality, delivery and development of the services. Lastly, the innovation and
improvement perspective examines how capable a business is of maintaining a
competitive edge. Through the Balanced Scorecard (Figure 4-1), an organisation
should aim to analyse each of these four perspectives in an equal manner and set

targets that will support the organisation’s goals (Dziak, 2015).
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Figure 4-1: Balanced Scorecard (Kaplan & Norton, 2001)

Over the years, the system has been developed and reviewed, and in the mid-1990s,

Kaplan and Norton included the Strategy Map, a tool which assists organisations in
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choosing performance measures and justifying their choices by linking the
organisation’s objectives to the four perspectives through a cause-and-effect

relationship (Kaplan & Norton, 2004).
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Figure 4-2: Strategy Map (Kaplan & Norton, 2001)

Kaplan and Norton designed the Balanced Scorecard not as a template ready to be
applied but as a tool that should be customised to fit a company’s mission, strategy,
technology and culture (Neef, Siesfeld, & Cefola, 1998). Therefore, although the
Balanced Scorecard was developed for divisional performance evaluation, the basic
principles underpinning the performance evaluation tool can be adapted and extended
to sustainability in FM, answering the need for a practical tool that can support the

development and evaluation of sustainable FM.

4.2 Sustainability performance and reporting tool

Traditionally, performance measures tend to focus solely on the financial aspects and
ignore other organisational priorities that might not easily be measured (Berry et al.,
2005). In 1979, Lee D. Parker argued that “Given the existing range of changing
corporate and divisional goals, the divisional profit test taken by itself is inadequate as
a measure of any division’s progress towards the attainment of the corporate goal set”

(Parker, 1979). As shown in the previous chapter, the same principle also to
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sustainability in FM: one of the key factors in the implementation of sustainability
initiatives is the initial cost and the return on investment, which most of the time
determines whether or not an initiative will be implemented. There is therefore a need
to evaluate sustainability performance in FM beyond the financial aspects and verify
that not only the policies set at the corporate level are implemented, but also that the
related objectives set for FM are met, which is currently an issue (Shah, 2007). By
adapting the principle of the Balanced Scorecard to sustainability in FM, a
performance evaluation tool specific for sustainability in FM was developed, which
supports the view that FM plays a large role in the organisation’s sustainability goals
and identifies where further improvements can be made. To maximise the
opportunities for implementing the tool in the FM industry, the tool is based on self-
assessment, which has been recognised as a useful technique for monitoring and
improving performances by regular reviews of results (Oakland, 2004), and identifies
strengths and possible improvements without incurring the cost of third-party

assessment or accreditation.

The sustainable performance and reporting tool (Figure 4-3) provides support to
facilities managers in identifying opportunities in line with their business’s
sustainability agenda and guidance on how to verify progress whilst ensuring

alignment with the organisation’s goals.

Phase 1 Phase 2 Phase 3

Figure 4-3: Sustainability Performance and Reporting Tool
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The tool comprises three different phases, which are defined by the business

sustainability vision, mission, goals and the sustainability policy.

4.2.1 Phase 1 - Strategy review

The first phase of the sustainability performance and reporting tool comprises the
review of the FM sustainability strategy through a list of questions. The aim of the
first phase is to verify whether the key elements for the success of sustainable FM —
compliance, targets, communication, roles and responsibilities, plans — are in place

before moving to a more detailed analysis and evaluation of the objectives (phase 2).

Table 4-2: Sustainability Performance and Reporting Tool — Strategic Review Questions

Questions

Does FM comply with all applicable legal requirements on sustainability?
Does FM have a defined FM strategy in terms of sustainability?

Is this translated into achievable objectives and targets?

Is there an action plan developed to achieve the objectives and targets?
Are long- and short-term priorities for this strategy defined?

Does FM create corrective action plans when sustainability performance is
below expectations or does not achieve targets?

Are strategy and linked objectives and targets communicated within the
organisation?

Are there resources available for implementing these initiatives?

Does FM comply with relevant standards and code of practices for
sustainability?
Are stakeholders aware of the strategy?

Are stakeholders involved in the development and implementation of the
strategy?

Do stakeholders receive reports on the performance and progression of these
strategies?

By going through these closed-ended questions, the facilities manager can
immediately identify any shortfall that needs to be addressed before reviewing the

specific objectives.

4.2.2 Phase 2 — Objectives evaluation and reporting

After the strategy review the sustainability performance and reporting tool focuses on
the evaluation of single objectives, which are divided into eight categories (Figure
4-4). Because one criticism against the Balanced Scorecard is that the metrics can be

difficult to quantify (Dziak, 2015), the sustainability performance and reporting tool

52



provides for each of the objectives included a list of indicators and recommended
tools that facilities managers should use to measure the performance and evaluate the

improvements.

Objectives
Indicators
Targets
Initiatives

Objectives Objectives Objectives
Indicators Indicators Indicators
Targets Targets Targets
Initiatives Initiatives Initiatives

Evaluation Evaluation Evaluation Evaluation

Objectives
Indicators
Targets
Initiatives

Objectives Objectives Objectives
Indicators Indicators Indicators
Targets Targets Targets
Inttiatives Initiatives Initiatives

Evaluation Evaluation Evaluation Evaluation

Figure 4-4: Sustainability Performance and Reporting Tool — Objectives Evaluation

As part of the review, facilities managers should define the specific targets for each of
the objectives selected and list all the initiatives that will be implemented to achieve

the targets.

4.2.2.1 Objectives development

Phase 2 of the sustainability performance and reporting tool includes a list of
sustainable FM objectives that was developed through a two-stage process: the list
was initially created through the analysis of the sustainability policies of FM

companies and then finalised through a workshop with FM and sustainability experts.

4.2.2.1.1 Sustainability in facilities management at policy level — analysis

The analysis of sustainability policies provides an insight into the sustainability goals
FM companies have and aids understanding of what aspects are considered to be
pivotal in the development of more sustainable practices in FM. As discussed in

section 2.4.2.1, the analysis of secondary data was used to start establishing the
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aspects that define sustainability in the facilities management industry and include

them in the tool development.

As the definition of sustainability varies from company to company, to achieve a
more comprehensive understanding of all the aspects of sustainability in FM within
the triple bottom line, the analysis was not limited to sustainability policies but
included environmental, energy, corporate and social responsibility policies, where

available, as detailed in Table 4-3.

Table 4-3: Policies Analysed per Company

Johnson Control
Kier

Mace Macro
Mitie

OCS

Sodexo

Telereal

Vinci

Company Policies analysed \
Amey Energy and Environmental

BAM Environmental and Sustainability
Bilfinger CSR and Sustainability

Boygues CSR

Carillion Sustainability

CBRE Environmental

Cofely Energy and Environmental
Compass Environmental

G4S Environmental

Galliford Try Environmental and Sustainability
Integral Environmental

Interserve Environmental and Sustainability
ISS CSR and Environmental

Sustainability
Environmental
Sustainability
Sustainability
Sustainability
Environmental
Environmental
Sustainability

4.2.2.1.2 Sustainability in facilities management at policy level — results

The policies were coded and the analysis showed thirteen recurrent themes:
biodiversity, business ethics, clients, community, employees, energy, environmental
impact, health and safety, innovations, resources, supply chain, transport, and waste

and recycling. Figure 4-5 shows the distribution of the themes across the policies.
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Figure 4-5: Distribution of Sustainability Themes across Company Policies

Biodiversity — the companies analysed have a proactive approach towards the

protection and enhancement of biodiversity.

Business ethics — as part of their policies, nine of the companies reviewed focus on
business ethics to guarantee that their businesses are run with integrity and observe all

the statutory regulations.

Clients — companies are committed to supporting their clients towards shared
sustainability goals, working together to develop strong relationships and promote the

adoption of best practices.

Community — the impact on communities is included in thirteen of the policies, with

a commitment to respect and making a positive contribution to local communities.

Employees — there is a dual focus on employees, in that together with raising
awareness on sustainability issues and providing training on sustainability to
employees, companies are also committed to developing an inclusive and supportive

work environment, with a focus on staff wellbeing.
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Energy — as part of the initiatives linked with the environment impact, there is a
general emphasis on efficient use of energy and on creating initiatives to reduce

energy consumption.

Environmental impact — all the policies analysed include a commitment to reduce

the company’s environmental impact with a focus on carbon footprints and pollution.

Health and Safety — more than half of the companies analysed include health and
safety in their policies, confirming their commitment towards a safe working

environment with no injuries and incidents.

Innovations — together with continuous improvement, innovation is included in
almost all policies (18 out of the 21 analysed), showing a general interest in

developing new initiatives aimed at supporting the sustainability agenda.

Resources — almost all companies promote an efficient use of resources as well as

responsible sourcing to reduce their environmental impact.

Supply chain — companies seek the support of the supply chain to achieve their
sustainable goals, creating strategic partnerships with their suppliers. When possible,

the companies aim at working with small- and medium-sized local businesses.

Transport — policies confirm that companies are committed to minimising the
environmental impact of travel by providing alternatives, such as teleconferencing,

and by encouraging environmentally friendly means of travel.

Waste and recycling — almost all companies (16) seek the reduction of waste

generation and waste to landfill by focusing on material reuse and recycling.

Table 4-4 shows which policies include the thirteen identified themes.

56



e Amey

e BAM

* Bouygues

e Carillion

e Galliford Try
e Kier

* OCS

Table 4-4: Policies Mentioning Each Sustainable Theme

* BAM

o Bilfinger
* Bouygues
e Carillion

e CBRE

* Interserve

¢ Johnson
Control

* OCS
e Vinci

e BAM

e Carillion

¢ Galliford Try
e ISS

o Kier

* Mace Macro
e Mitie

* OCS

¢ Sodexo
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* BAM

o Bilfinger

* Bouygues

e Carillion

o Galliford Try
e |nterserve

o |SS

* Johnson
Control

® Kier

* Mace Macro
o Mitie

* OCS

e Vinci

Employees

e Amey

e BAM

¢ Bilfinger

* Bouygues
e Carillion

e CBRE

e Cofely

e Compass
e G4S

e Galliford Try
e Integral

e Interserve
e ISS

¢ Johnson
Control

* Mace
e Mitie
* OCS
eSodexo
eVinci



Environmental Health and :
Energy Innovation Resources
Impact Safety

e Amey

* BAM

e CBRE

e Compass

* G4S

¢ Galliford Try
e Integral

e ISS

¢ Johnson
Control

* Kier
* Sodexo
* Telereal

e Amey * BAM
e BAM ¢ Bilfinger
e Bilfinger ® Bouygues
* Bouygues e Carillion
e Carillion e CBRE
e CBRE e Compass
e Cofely o Galliford Try
e Compass ® |SS
* G4S ¢ Johnson
« Galliford Try Control
e Integral * Mitie
e Interserve * OCS
e ISS e Vinci
¢ Johnson
Control
e Kier
* Mace Macro
* Mitie
* OCS
¢ Sodexo
e Telereal
eVinci

e Amey e Amey
e BAM e BAM
* Bouygues e Bilfinger
e Carillion * Bouygues
e CBRE e Carillion
e Cofely ¢ CBRE
e Compass e Compass
* G4S * G4S
e Galliford Try e Galliford Try
¢ Integral ¢ Integral
e Interserve e Interserve
e Johnson e ISS
Control e Johnson
o Kier Control
* Mace Macro e Kier
e Mitie * Mace
¢ Sodexo e Mitie
e Telereal e OCS
e Vinci ¢ Sodexo
e Vinci

. Waste and

e Amey e Compass
e BAM * G4S
e Bilfinger e ISS

® Bouygues o Kier
e Carillion o Mitie
e CBRE

e Cofely

e Compass

* G4S

e Galliford Try

e ISS

e Kier

e Mace Macro

e Mitie

e OCS

¢ Sodexo

e Telereal

e Vinci

e Amey

e BAM

e Bilfinger

® Bouygues
e Carillion

e CBRE

e Compass
e G4S

e Galliford Try
e Integral

e Interserve
e ISS

e Johnson
Control

e Kier
* OCS
* Sodexo

Following the review of the policies, 122 sustainable FM objectives were identified,

which were grouped in terms of similarities and common themes. For each of the
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identified objectives, a list of performance indicators and measurement tools were

established through a literature review.

4.2.2.1.3 Obijectives review workshop

To validate the list of objectives, the performance indicators and the measurement
tools identified through the policy analysis and the literature review, a workshop was
held with ten professionals (Table 4-5) from the built environment who have
comprehensive knowledge of sustainability and FM. The data collection process was

presented in section 2.4.2.2.

Table 4-5: Sustainability Performance and Reporting Tool — Participants

Number of years

worked in the

industry
1 Sustainability Advisor 5
2 Director of FM 30
3 Senior manager 25
4 Sustainability Director 15
5 Senior manager 5
6 Sustainability Consultant 7
7 Senior Lecturer 25
8 Sustainability Consultant 5
9 Lecturer 4
10 | Director of FM 25

During the workshop, the participants reviewed all the objectives, the performance
indicators and measurement tools, and the list of 92 objectives presented in the

following section is the result of the review process.

4.2.2.2 Objectives and measures

The final list of objectives identified through the workshop has been sub-divided into
eight categories. Each objective includes specific performance indicators and
measurement tools that should be utilised to assess the sustainable performance of FM

and the effectiveness of the initiatives developed.
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Building

Table 4-6: Sustainability performances and reporting tool Building group

Objective Performance indicators Measurement
tool
Emissions to air e Air emissions External audit
e Number and place meters = BIM
and sub meters Internal review

e How often emissions are
monitored and follow up
action plan developed

e % reduction air emissions
achieved

o Effectiveness initiatives
implemented

e Number of initiatives to
reduce emissions to air
implemented

Impact on biodiversity e Impact on biodiversity External audit

e How often the impact on  Internal review
biodiversity in monitored
and follow up action plan
developed

¢ % reduction impact on
biodiversity achieved

o Effectiveness initiatives
implemented

e Number of initiatives to
reduce impact on
biodiversity implemented

CO, Emissions e CO2 emissions External audit
e Number and place meters = BIM
and sub meters Internal review

e How often emissions are
monitored and follow up
action plan developed

e % reduction CO2
achieved

e Effectiveness initiatives
implemented

e Number of initiatives to
reduce CO2 emissions
implemented
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Electricity usage

Embodied energy
Use embodied energy as
factor to evaluate materials

Energy usage

Impact on land

External audit
BIM
Internal review

Electricity usage
Number and place meters
and sub meters

How often usage is
monitored and follow up
action plan developed

% reduction electricity
usage achieved
Effectiveness initiatives
implemented

Number of initiatives to
reduce electricity usage

implemented
Number of materials BIM
evaluated Internal review

Number of materials
selected using embodied
energy

Energy usage

Number and place meters
and sub meters

How often energy usage
is monitored and follow
up action plan developed
% reduction energy usage
achieved

Effectiveness initiatives
implemented

Number of initiatives to
reduce energy usage
implemented

Impact on land External audit
How often impact on land ~ Internal review
is monitored and follow

up action plan developed

% reduction impact on

land achieved

Effectiveness initiatives

implemented

Number of initiatives to

reduce impact on land

implemented

External audit
BIM
Internal review

61



Life cycle analysis e Number of BIM

Use life cycle analysis as materials/systems Internal review
factor to evaluate materials evaluated
and systems e Number of

materials/systems

selected using life cycle

analysis

e Life span of
materials/systems against
predicted life span

Building modifications e Number of alternatives BIM
impact evaluated Internal review
Evaluate the impact of e Criteria for selecting
possible building preferred option
modifications e Evaluation of
effectiveness and
profitability
e Evaluation return of
investment
Sustainable accreditation e Number of accreditation | External audit
achieved Internal review
e Number of accreditation
maintained
Building systems durability e Building systems BIM
Evaluate the durability of durability Internal review
building system to create ad e How often building
hoc plans for extending systems are assessed and
durability follow up action plan to
extend durability
developed

® % extension building
systems durability
achieved

e Effectiveness initiatives
implemented

e Number of review of
Planned Preventive
Maintenance plans based
on system durability
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Water usage

Emissions to water

Building end of life
Evaluation of different

possible alternatives for the

end of life of the building in
use
Building performance

Water usage

Number and place meters
and sub meters

How often water usage is
monitored and follow up
action plan developed

% reduction water usage
achieved

Effectiveness initiatives
implemented

Number of initiatives to
reduce water usage
implemented

Emissions to water

How often emissions to
water are monitored and
follow up action plan
developed

% reduction emissions to
water achieved
Effectiveness initiatives
implemented

Number of initiatives to
reduce emissions to water
implemented

Number possible
alternatives identified

e Building performance

Number of processes
evaluated

Number of components
evaluated

Number of processes
identified for poor
performances

Number of actions
implemented to improve
performance
Effectiveness initiatives
implemented

Users’ satisfaction
Number of benchmark
performed in a year
Number of initiatives
implemented to improve
benchmark
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External audit
BIM
Internal review

External audit
BIM
Internal review

BIM
Internal review

External audit
BIM

Internal review
Employees
survey



Life cycle cost e Number of BIM

Use of life cycle cost as materials/systems Internal review
factor to evaluate materials evaluated
and systems e Number of

materials/systems

selected using life cycle

cost

Business Ethics

Table 4-7: Sustainability performances and reporting tool Business Ethics group

Objective Performance indicators Measurement
tool
Comply with Modern e Modern Slavery Act External audit
Slavery Act policy created, updated Internal review
and followed Employees

e Number of external audits = survey
to verify compliance
e Number of staff aware of
the policy
e Number of hours of
training provided to staff
e Number of suppliers
aware and aligned with

the policy
Code of conduct and staff e Number of external audits | External audit
compliance (fiscal duties, to verify compliance Internal review
ethical behaviours, etc.) e Number of staff aware of | Employees
code of conduct and survey
compliance

e Number of hours of
training provided to staff
Treat supply chain with e Supply chain employees’ = Internal review

respect without abuse of wage Suppliers survey
position e Number of complaints
received

e Payment terms
e Number of contractors
Company transparency e Number of documents Internal review
publicly available
e Number of report
produced
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Clients

Table 4-8: Sustainability performances and reporting tool Client group

Objective

Review clients’
perceptions, expectations
and suggestions

Alignment with client's
sustainability
requirements

Support client toward
sustainability

Community

Performance indicators

e Number of reviews
undertaken

e Number of initiatives to
address concerns and

suggestions implemented

e Effectiveness initiatives
developed

e Number of reviews
undertaken to verify
alignment

e Number of initiatives

developed in partnership

with clients
e Effectiveness initiatives
developed

Measurement
tool

Internal review
Clients survey

Internal review

Internal review
Clients survey

Table 4-9: Sustainability performances and reporting tool Community group

Objective

Develop initiatives to
combat employment
issues (long-term
unemployment,
apprenticeships, etc.)

Employ local labour

Establish communication
channels with local
authorities for
sustainability matter

Respect community
traditions

Performance indicators

e Number of initiatives
created

¢ Impact of initiatives
created

e Number of participants

e Number of hours of
training provided

e Feedback from the
community

e % of local labour
employed

e Number of

meetings/communication
with the local authorities

e Feedback from the
community

e Feedback from the
community
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Measurement
tool

Internal review
Community
survey

Internal review

Internal review
Community
survey

Community
survey



Support local communities
(financially or otherwise)

Employees

e £ and number of hours

donated to the community

each year
e Feedback from the
community

Internal review

Community
survey

Table 4-10: Sustainability performances and reporting tool Employees group

Objective

Performance indicators

Measurement

Increase employees’
participation during
decision-making processes

Increase employees’
participation in the
company ownership

Ensure employees receive
fair remuneration

Provide employees with
work benefits

Ensure equality of
opportunities for
employees

Develop an inclusive work
environment

Respect employees’

e Number of initiatives to
include employees in
decision-making
processes

e Type of decision-making
processes

e Feedback from the
employees

e Number of shares owned
by employees

e Feedback from the
employees

e Employees wage

e Initiative to achieve living

wage

e Gap between highest and
lowest earners

e Feedback from
employees

e Number and type of
benefits available for
employees

e Employees’ satisfaction
survey

¢ % employees for each
category against total
number employees

e Feedback from
employees

¢ % employees from
disadvantaged groups
against total number
employees

e Feedback from
employees

e Feedback from
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tool

Internal review
Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey

Employees



traditions

Commitment to Human
Rights

Create initiatives to
enhance sustainability
among employees

Create initiatives to
motivate and facilitate
employees’ commitment
to sustainability

Evaluate and review
employees’ wellbeing and
working conditions

Evaluate employees’
awareness of sustainability
aspects linked with their
activities

employees

e Human Rights policy
created, updated and
followed

e Number of external audits

to verify compliance

e Number of staff aware of
the policy

e Number of hours of
training provided to staff

e Number of suppliers
aware of the policy

e Number of suppliers
aware and aligned with
the policy

e Number of initiatives
created in a year

e Effectiveness initiatives
implemented

e Employees participation

e Employees awareness

e Feedback from
employees

e Number of initiatives
created in a year

e Effectiveness initiatives
implemented

e Employees participation

e Employees awareness

e Feedback from
employees

o Air quality

e Space temperature

e Acoustic conditions,

e Employees’ satisfaction
survey

e Number sick days

e Staff turnover

o Staff productivity

e Feedback from
employees

o % staff awareness of
sustainability aspects

linked with their activities

Number of initiatives
implemented to increase
awareness

Effectiveness initiatives
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survey

External audit
Internal review
Employees
survey

Suppliers survey

Internal review
Employees
survey

Internal review
Employees
survey

External audit
BIM

Internal review
Employees
survey

Internal review
Employees
survey



Implement employees’
complaints procedure and
ensure employees are
aware of it

Implement measures to

reduce employees’ vehicle

dependency

Review employees’
perceptions, expectations
and suggestions

Support workforce
training and career
development

On-going sustainability
training for workforce

Employees receive
training on how to operate
the building efficiently

implemented

Employees awareness of
the procedure

CO2 emissions from
vehicles

Number of initiatives
implemented to reduce
vehicle dependency
Effectiveness initiatives
implemented

% reduction achieved
Number of suggestions
received

Number of initiatives in
place to assess
employees’ perceptions
and expectations
Number of suggestions
implemented following
employees’ feedback
Number of initiatives
created to support career
development

£ per employees spent on
training

Feedback from
employees

Number of hours of
training provided to staff
Effectiveness of the
training

Feedback from
employees

Number of hours of
training provided to staff
Effectiveness of the
training

Feedback from
employees
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Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey

Internal review
Employees
survey



Innovation

Table 4-11: Sustainability performances and reporting tool Innovation group

Objective Performance indicators Measurement
tool
Commitment to continual e Number of initiatives Internal review
improvement and implemented
enhanced sustainable e Effectiveness initiatives
performances imp]emented
e Number of previous
innovations still in use
Supply chain collaboration e Number of initiatives Internal review
to achieve innovation implemented in Suppliers survey
collaboration with the
supply chain
o Effectiveness initiatives
implemented

e Number of previous
innovations still in use

Operation

Table 4-12: Sustainability performances and reporting tool Operation group

Objective Performance indicators Measurement
tool

Perform life cycle o Number of performance | Internal review

management evaluated

o Effectiveness
management over life

cycle
Supply relevant training e Number of hours of Internal review
on health and safety to training provided to staff
employees e Number of employees

with H&S certifications
Use sustainability as a key e Number of sustainability ~ Internal review
driver in the procurement questions asked during
process procurement process
e Weight of the questions
compared to overall score
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GHGs emissions from
employees’ transportation

Consider consumables
impact on the environment
before purchasing

Develop and maintain an
environmental
management system

Develop defined processes
to respond to
environmental
emergencies

Monitor health and safety
performance data

Define and meet health
and safety targets

Establish internal reviews
to achieve sustainability
improvements

e GHGs emissions per
employee

e Number of initiatives to
support flexible working

e Number of initiatives to
support home working

e Number of IT support
system (teleconference,
etc.) available

e Number of staff utilising
the initiatives

e % reduction GHGs
emissions from employee
transportation achieved

e Number product
evaluated

e Number of product
selected using
environmental impact

¢ % spend on green product

e Environmental
Management System
developed and maintained

e Accreditations achieved

e Number of processes
implemented

e Number of incidents

e Effectiveness processes
implemented

e Employees’ awareness

e Number of processes
implemented

e Number of incidents

e Effectiveness processes
implemented

e Employees’ awareness

e Number targets achieved

e Employees’ awareness

e Number of internal
reviews performed

e Number of improvements
identified

e Number improvements
developed

o Effectiveness
improvements
implemented
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External audit
Internal review

Internal review

External audit
Internal review

Internal review
Employees
survey

External audit
Internal review
Employees
survey

Internal review
Employees
survey

Internal review



Implement initiatives to
improve employees’
sustainable impact (habits,
processes, behaviours,
etc.)

Implement measures to
avoid landfill

Implement measures to
increase recycling

Implement measures to
reduce waste quantities

Select environmental-
friendly alternatives
(vehicles, materials,
resources, etc.)
Utilise locally sourced
materials

Utilise locally sourced
services

Reduce the likelihood of
environmental incidents

Reduce the likelihood of
health and safety incidents

e Number initiatives
implemented

e Effectiveness initiatives
implemented

e Volume waste to landfill

e Number initiatives
implemented

o Effectiveness initiatives
implemented

* % recycling against
landfill

¢ Volume recycling

e Number initiatives
implemented

o Effectiveness initiatives
implemented

¢ % recycling against
landfill

e Volume waste

e Number initiatives
implemented

o Effectiveness initiatives
implemented

e % reduction achieved

e Number of alternatives
evaluated

e Criteria for selecting
preferred option

e Number of local suppliers

utilised
e Transport impact

e Number of local suppliers

utilised

e Transport impact

e Number of processes
implemented

e Number of incidents

e Effectiveness processes
implemented

e Employees’ awareness

e Number of processes
implemented

e Number of incidents

e Effectiveness processes
implemented

e Employees’ awareness
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Internal review
Employees
survey

External audit
Internal review

External audit
Internal review

External audit
Internal review

Internal review

Internal review

Internal review

External audit
BIM

Internal review
Employees
survey

External audit
BIM

Internal review
Employees
survey



Reduce the likelihood of
'near miss' incidents

Undertake environment
risk assessment to
minimise environmental
impact

Undertake health and
safety audits

Climate change impact
Use climate change
impact as factor to
evaluate materials and
systems

End of life possible re-use
Use end of life possible re-
use as factor to evaluate
materials and systems

Environmental impact
Use environmental impact
as factor to evaluate
materials and systems

e Number of processes

implemented

e Number of ‘near miss’
e Effectiveness processes

implemented

e Employees’ awareness
e Number of processes

implemented

e Number of risks

identified

e Number of initiatives to
mitigate risks identified
e Effectiveness initiatives

identified

e Number of external audits

e How often external health
and safety audits are
performed and follow up
action plan developed

e Number of internal audits

e How often internal health
and safety audits are
performed and follow up
action plan developed

e Number of

materials/systems

evaluated
e Number of

materials/systems
selected using climate

change impact
e Number of

materials/systems

evaluated
e Number of

materials/systems
selected using end of life

possible re-use
e Number of

materials/systems

evaluated
e Number of

materials/systems
selected using end of life

possible re-use
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External audit
Internal review
Employees
survey

External audit
Internal review

External audit
Internal review

Internal review

BIM
Internal review

BIM
Internal review



Use KPIs to measure
internal sustainable
performances

Life expectancy

Use life expectancy as
factor to evaluate
materials and systems

Material efficiency

Use material efficiency as
factor to evaluate
materials and systems

Use new and renewable
energy sources

Prefer sustainable
products

Use renewable and
ecological resources
Develop a responsible
sourcing policy

Use sustainability criteria
when sourcing resources

e Number of KPIs

¢ Frequency measurement

e Performance overtime

e Number of initiatives
implemented to improve
performances

e Effectiveness initiatives
implemented

e Number of
materials/systems
evaluated

e Number of
materials/systems
selected using life
expectancy

e Number of
materials/systems
evaluated

e Number of
materials/systems
selected using material
efficiency

e % new and renewable
energy used

¢ % sustainable products
used

e % renewable and
ecological resources used

e Responsible sourcing
policy created, updated
and followed

e Number of external audits

to verify compliance

e Number of staff aware of
the policy

e Number of hours of
training provided to staff

e Number of suppliers
aware and aligned with
the policy

e Number of sustainable
criteria used

e Weight of sustainable
criteria
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Internal review

BIM
Internal review

BIM
Internal review

Internal review
Internal review
Internal review
External audit
Internal review
Employees

survey
Suppliers survey

Internal review



Supply chain

Table 4-13: Sustainability performances and reporting tool Supply chain group

Objective Performance indicators Measurement
tool

Work with businesses of e % different size Internal review

different size (small, companies used

SMEs, etc.)

Ensure supply chain e Strategy and values Internal review

alignment with strategy awareness in the supply Suppliers survey

and values chain

e Initiatives implemented to
verify alignment

Assess sustainability e Number of processes to Internal review
performance of supply assess Suppliers survey
chain e Supply chain

performance

e Sustainable KPIs utilised

Assess sustainable e Number of suppliers that | Internal review
capability of supply chain have an environmental
during procurement management system

e Number of sustainable
criteria used to assess

supply chain
e Weight of sustainable

criteria
Develop strategic e Number of long term Internal review
partnerships with supply suppliers
chain e Number of initiatives

developed together
Encourage supply chain to e % sustainable products Suppliers survey
use sustainable products used
Ensure supply chain e Number of audits Suppliers survey
complies with the Modern = performed to ensure
Slavery Act compliance
Ensure supply chain is e Number of audits Suppliers survey
committed to Human performed to ensure
Rights compliance
Ensure supply chain o Number of audits Suppliers survey
maintain ethical performed to ensure
behaviours compliance
Organise strategic review e Number of review Internal review
meetings with the supply meetings Suppliers survey
chain to identify e Number of objectives and
sustainability actions identified
improvements e Number of objectives

achieved
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Promote employment of e % local labour employed = Suppliers survey
local labour by the supply chain

Whilst the performance indicators are specific and relevant to each objective, the tool

suggests the use of four possible measurement tools that should be adapted for each

objective:

4.2.3

As the

ensure

External audit — some of the objectives should be verified through third party
auditors, which can ensure compliance with rules and regulations.

BIM — most of the objectives linked to the building can be measured through
BIM, as it includes information about the building and provides support for
the evaluation of different scenarios

Internal review — most of the information necessary for the evaluation will be
available within the organisation through the company’s systems and historical
data.

Survey — surveys should be utilised to gain feedback and information from
employees, suppliers, clients and community, asking specific questions about

the relevant objectives.

Phase 3 — Strategy map

sustainability policy is conveyed from corporate level to FM, it is important to

a full alignment of the FM objectives with the direction set at corporate level.

Phase 3 is developed to verify the alignment through a strategy map.

Building Ethics
Objectives Objectives Objectives Objectives
Indicators Indicators Indicators Indicators
Targets Targets Targets Targets
Initiatives Initiatives Initiatives Initiatives

Evaluation Evaluation Evaluation Evaluation
Sustainability Sustainable FM Strategy map
Policy strategy i Operatis Supply chain
Objectives Objectives Objectives
Indicators Indicators Indicators

Targets Targets Targets
Initiatives Initiatives Initiatives

Evaluation Evaluation Evaluation

Figure 4-6: Sustainability Performance and Reporting Tool — Strategy Map
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The Strategy map is a visual tool which support facilities managers in understanding
whether the FM objectives are actually aligned with the direction set in the company’s
sustainability policy or not. Researchers agree that information can be interpreted
rapidly if it is presented well and in a visual manner (Ware, 2012) by using the human
visual system in order to provide insight about abstract information (Patterson, Blaha,
Grinstein, Liggett, Kaveney, Sheldon, Havig & Moore, 2014). When data are simply
presented without a visual representation the task of identify, remember and draw
inferences about the information resides with the user whilst the visualisation of data
facilitates the human cognitive process and support high-level cognitive functioning
such as reasoning and thinking (Patterson et al. 2012). According to Card et al. and
the reference model (Mei, Ma, Wei & Chen, 2018) there are different steps that need

to be followed whilst creating and manipulating information visualisations:

1. Data transformation - enables to move from raw data into data tables
2. Visual mapping — data are encoded and mapped to visual structures
3. View Transformation — the visual structures are renderes and displayed to

users

As measures are effective only if aligned with the core business strategy, each of the
objectives included as part of phase 2 of the Sustainability Performance and Reporting
Tool are evaluated by the facilities managers in terms of priority and, as part of a
strategy map, the objectives are mapped against the goals set in the sustainability
policy, following the steps of the reference model. The visual tool that combines the
visual mapping was developed to facilitate the analysis of the links between the

priorities and the sustainability goals (Figure 4-7).
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Figure 4-7: Sustainability Performance and Reporting Tool — Strategy Map Graphical Representation

As shown in Figure 4-7, on the top part of the Strategy Map are presented all the goals
included in the sustainability policy whilst the FM objectives included in Phase 2 are
represented in the remaining part of the wheel. Each of the objective is coloured based
on the evaluation completed by the facilities manager: the high priorities are in red,
the low priorities in green and in yellow are all the objectives that were indicated as

not a priority.

The visualisation of the Strategy Map has a dual purpose as part of the performance
evaluation tool: by selecting a single goal (Figure 4-8), it is possible to identify which
FM objectives are linked with it as well as their priority and highlight whether
facilities managers are following the direction set in the sustainability policy by

giving high priority to the right objectives.
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Figure 4-8: Sustainability Performance and Reporting Tool —Strategy Objectives/Goals Correlation

Furthermore, by selecting a single FM objective (Figure 4-9), it is possible to verify
whether is linked to any of the corporate goals, and identify objectives that might be
considered as high priorities by the facility manager but not linked to any corporate
goals or objectives that are considered by FM as not a priority but with direct

implications to a corporate goal.
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Figure 4-9: Sustainability Performances and Reporting Tool — Strategy Map Goals/Objectivess
Correlation

The purpose of the graphical representation of the strategy map is to enable the
facilities managers to review if the FM objectives identified as high priority are

contributing to the company’s goals and whether there is potential to modify the

current objectives to better meet the organisation’s guidelines.

4.2.4 Report feedback
The purpose of the tool is not only to support the evaluation of FM sustainability

performance but also report whether the results achieved are in line with expectations,
and if the FM sustainability strategy can be achieved. Within the tool there are two

different report feedback mechanisms. The first one begins at the end of phase 2, after

the evaluation of the objectives (Figure 4-10).
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Figure 4-10: Sustainability Performances and Reporting Tool — Phase 2 Feedback

Once the evaluation of the single objectives is concluded, the results should be shared
not only within the FM team to review the effectiveness of the FM sustainability
strategy, but also at corporate level, to share the performance report and feedback
regarding the vision and mission, if goals set have been achieved, or if there is any

barrier that prevents their achievement.

The second feedback mechanism is at the end of phase 3 (Figure 4-11) and is used to

evaluate the FM sustainability strategy.

Sustainable FM
strategy

Tndicstnrs
Targen

Tnsiatives

Evaluation

Figure 4-11: Sustainability Performances and Reporting Tool — Phase 3 Feedback

The strategy map provides the opportunity to verify whether the objectives identified
by FM support the corporate direction as set in the sustainability policy. If there is a

misalignment, the FM sustainability strategy should be reviewed and modified.

80



4.3 Sustainability performance and reporting tool validation

The validity and usability of the sustainability performance and reporting tool were
tested through a questionnaire to understand how professionals would perceive the
tool (section 2.4.2.3). At the end of the objective development workshop, the
participants (Table 4-5) were asked to rate, using a 5-point agreement Likert scale, the

following statements:

e The tool facilitates the implementation of sustainability initiatives.

e The tool is potentially useful.

e The tool is comprehensive and covers all the key areas linked with
sustainability in FM.

e The tool is practical to be implemented in the industry.

The reviewers were also asked if they could identify any benefit for using the tool and

possible barriers.

All reviewers agreed that the tool facilitates the implementation of sustainability

initiatives, and commented as follows:

o “[The tool] seeks to identify initiatives and their importance to an
organisation” (reviewer 2).

e “Leadership will be required within the organisation and supply chain to
ensure the tool is used effectively” (reviewer 4).

e “[This is a] whole new approach to sustainability of buildings during user

occupation” (reviewer 5).

All reviewers also defined the tool as potentially useful:

e “It gives direction and breaks down the stages in order to achieve major
sustainability milestones” (reviewer 1).

e “The tool could be used to both facilitate sustainable initiatives and to measure
the on-going progress of said initiatives” (reviewer 7).

e “[It is useful] especially to small and medium enterprises” (reviewer 10).
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Based on a theoretical evaluation of the tool, 90% of the reviewers agreed that the tool
is practical and can be implemented and that there are benefits linked to the

implementation of the tool:

o “It gives direction and steps to take in a field which can be quickly
overwhelming. As it is a tool that can help to measure non-financial capitals, it
could also help companies by providing a pathway towards certain aspects of
integrated reporting” (reviewer 1).

e “I do [think there are benefits for implementing the tool] as it encourages
organisations to take a systematic view of this subject, looking in detail at a
significant number of areas” (reviewer 2).

e “[The tool] clearly shows what is required, where the gaps are and how a
company can improve” (reviewer 3).

e “I think there are benefits to the performance of the building ... The reporting
and performance of the organisation to show compliance and achievements
against corporate responsibility targets” (reviewer 4).

e “This tool provides a more complete approach for providing sustainable
buildings” (reviewer 5).

e “It is beneficial for companies to evaluate and channel their policy” (reviewer
9).

e “[This tool] should act as a good checklist and provide direction for the

implementation of sustainable initiatives” (reviewer 10).

The reviewers also identified a series of potential barriers to the implementation of the

tool:

e “As with all tools, embedding a new one takes time and resources” (reviewer
1).

e “I think there are barriers linked with the organisation’s own maturity and
familiarity in these areas” (reviewer 2).

e “Time and knowledge [are barriers]” (reviewer 3).

o “It is very detailed and I feel the limitations on skill sets within the industry

and supply chain might limit implementation. A change manage programme,
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comprising training for end wusers, would be required to support
implementation” (reviewer 4).

o “[There is] concern regarding the amount of time required to implement the
tool” (reviewer 5).

e “Budget and resource allocation [are barriers]” (reviewer 6).

e “I perceive the tool is overly comprehensive and I would feel the need to
prioritise and ‘close down’ certain parts” (reviewer 7).

e “Over complication of the tool would put people off” (reviewer 8).

e “Itis time-consuming. A person who wants to use the tool has to be an expert

in many areas” (reviewer 9).

4.4 Conclusion

The sustainability performance and reporting tool was developed to provide facilities
managers with a comprehensive and easy-to-use self-assessment tool that would
support the evaluation of sustainability performance and provide metrics to measure
improvements. The tool covers a wide range of aspects, which were identified through
the interviews (Chapter 3), the analysis of sustainability policies and the workshop
(Chapter 4). The output of the validation process confirmed that the tool is useful,
practical to be implemented and has the potential to support the development of
sustainability initiatives in FM. The tool was designed to allow for the flexibility
required to accommodate the needs of different FM teams and building types. The
ability to meet different requirements and the applicability of the tool were partially

tested through three case studies presented in Chapter 8.

One of the measurement tools included to verify sustainability performance is BIM,
which was identified by BIFM (Chapter 3) as an emerging theme affecting sustainable
FM. The many benefits of BIM during the different phases of the building life-cycle
have been studied by both practitioners and academics, but for building operations
and facilities managers, BIM is still a relatively new topic. Its potential is still not
fully understood and there is little interest regarding what happens once the building
model is completed and handed over, and how BIM will be used to manage the

facility, aside from the possible use for enhanced building maintenance. The next

83



chapter provides an overview on BIM, and Chapter 6 focuses specifically on BIM and

FM.
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Chapter 5 Building Information Modelling

Technology has played a large role in the construction industry, especially in the last
decades, with an ever increasing adoption of IT (Laakso & Kiviniemi, 2012). and
different manual processes and industry’s practices have already been recognised as
being replace by IT since early 2000 (Mitropoulos & Tatum, 2000). In 1973, the first
3D design tools were produced that allowed designers to create, manipulate and edit
solid 3D models of building entities (Eastman, Sacks, Sacks, & Liston, 2011). In the
early 1980s, 3D modelling morphed into the first computer aided design (CAD)
systems that linked digital designs to construction documents and facilitated the first
real-time electronic communication between the different stakeholders involved in a
construction project (Eastman et al., 2011). In the early 1990s, object-oriented CAD
(OOCAD) was developed, which linked building graphics with non-graphical data
about common building elements (e.g. doors, walls, windows), thus simplifying
building section drawings (Autodesk, n.d.). Since the early 2000s CAD developed
into BIM, which includes different dimensions to the model (time, cost, energy, etc.)

by utilising parametric sub-models (Barnes, 2013).

The BIM acronym is attributed to Jerry Lassarin (Turk, 2016), and there are a
multitude of different definitions of BIM:

e “Building information modelling is a digital representation of physical and
functional characteristics of a facility creating a shared knowledge resource for
information about it and forming a reliable basis for decisions during its life
cycle, from earliest conception to demolition” (RICS, 2015).

e “A ‘building information model’ is a digital representation of the building,
from which views and data appropriate to various users’ needs can be
extracted and analysed to generate information that can be used to make
decisions and improve both the process of delivering the building and the
entire life-cycle use of the building” (Barnes, 2013).

e “BIM: building construction information model is a shared digital
representation of physical and functional characteristics of a built object
(including buildings, bridges, roads, etc.) which forms a reliable basis for

decisions” (International Organization for Standardization, 2010).
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e “[BIM is a] digital representation of physical and functional characteristics of
a facility. As such it serves as a shared knowledge resource for information
about a facility forming a reliable basis for decisions during its life-cycle from
inception onward. A basic premise of BIM is collaboration by different
stakeholders at different phases of the lifecycle of a facility to insert, extract,
update, or modify information in the BIM to support and reflect the roles of
that stakeholder. The BIM is a shared digital representation founded on open
standards for interoperability” (BuildingSMARTalliance, 2007)

Although an official BIM definition does not exist, as shown in the examples
provided, all definitions encompass three key elements (RICS, 2015): the BIM model,

the process of developing the model and the different uses of the model.

5.1 The BIM model

BIM is an information and communication technology (ICT) based on CAD
principles. Yet whilst CAD supports the development of a coordination-based
geometric model, BIM can be used to create “intelligent” models, which include an
object-oriented representation of the project (Barnes, 2013). Each object in a model

can be described by two different sets of information:

e attributes and properties about the objects such as materials, specification,
thermal performances, acoustic performance, fire rating, U-value, etc.; and

o the relationship between the objects in the model.

The ability to include attributes and properties into the model allows for series of
analysis and evaluation that are not possible through CAD only, enabling a more

efficient and effective management of building information (Succar, 2009).

Moreover, whilst CAD uses geometric entities (points, lines, planes, etc.) to
represents data and does not capture information about the single objects, BIM has the
ability to include not only the object representation and the information linked with it,
but also the relationships between the different objects within the model. Thus BIM is
considered to be a technical advance on traditional CAD (Miettinen & Paavola, 2014).

Within a BIM model, each element adjusts automatically if a related element is
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modified (Figure 5-1), and the element’s associativity is a defining feature of a BIM
model (Barnes, 2013). The object representation in a BIM model can be used to
extract information based on the items’ relationship — for example, it is possible to
extract the information related to a specific room, identified by walls, ceilings and

floors, and use the information about the space to run analysis such as energy

performance.
Geometric data model Building data model
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Wall 3
Wall g Space 1 Wall 2
P2 Rect 1 Wall 1
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Figure 5-1: Representation of Objects in BIM (RICS, 2015)

Ideally, each project should utilise a single model that develops together with the
building stages and supports collaboration and coordination between the different
parties involved, providing information and knowledge to support decision-making
during design, engineering, construction and operations (Chen, Lu, Peng, Rowlinson,
& Huang, 2015). Consequently, another key element that defines BIM is the process
that underpins how the information is collected, managed and used, and defines how

the models should be developed.
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5.2 Developing a building information model

Although the technology behind BIM has been available for over a decade (RICS,
2015) the “BIM age” only started between 2005 and 2008 when BIM started to
become a popular topic in the industry and among researchers (Sacks & Barak, 2010).
In the UK, BIM awareness and adoption has been significantly influenced by the UK
Government Construction Strategy (SmartMarket Report, 2014) published in May
2011. Created in collaboration with construction industry stakeholders, the strategy
aimed at improving the growth of British businesses and at putting “Britain at the
forefront of global construction over the coming years” (HM Government, 2013). As
part of the strategy, the Government envisioned the use BIM as a mean to achieve
“significant improvements in cost, value and carbon performance through the use of
open sharable asset information” (HM Government, 2013), and as part of the strategy
mandated the delivery of BIM Level 2 for all centrally procured Government projects

from April 2016.

The level definitions were developed in 2008 by Mervyn Richards and Mark Bew as
part of the BIM Maturity Diagram, as shown in Figure 5-2.
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Figure 5-2: BIM Maturity Diagram (BSI, 2013)

The BIM Maturity Diagram (BSI, 2013) explains the level of collaboration achieved
and the tools and techniques utilised at the different levels of maturity. Level 0 BIM is
effectively unmanaged CAD with minimal automated data exchange, where paper or

electronic prints are used as an exchange mechanism. Level 1 BIM envisages a
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managed environment where 2D or 3D CAD drawings provide a common data
environment that has possibly some standard data structures and formats but which
supports little integration outside the dedicated application. Many organisations are
currently operating at this level (NBS, 2017a). Level 2 BIM seeks to integrate the 3D
environment with external tools and data. The relationship between data is generally
managed through an enterprise resource planning system but not necessarily through a
single shared model. Essentially, this level is a practical realisation of the OOCAD
models developed in the 1990s. Level 3 will fully support data integration through

web services, achieving the creation of a single full collaborative model.

To achieve BIM Level 2, the UK Government and different UK construction
professional bodies have created standards and guides to support the creation and use

of information models.

5.2.1 The eight pillars of BIM

To realise the potential of BIM, it is important that the use of technology to create the
model is supported by a systematic approach and a clear definition of goals, roles,
responsibilities, process and outcomes. In the recent years, a series of documents has
been published by different bodies to provide guidance to and support for the BIM
process during the different stages of the building life-cycle. Among them, the
following are considered the eight pillars of BIM, and provide definitions of the
context, processes, conventions, contractual arrangements and roles required to

achieve Level 2 (Eynon, 2016):

e PAS 1192-2:2013
e PAS1192-3:2014
e BS1192-4:2014
e PAS 1192-5:2015
e BIM Protocol

e Soft landings

e (lassification

e Digital plan of works
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PAS 1192

PAS 1192 comprises seven different parts, five published and two due to be published
in 2018, which originated from the British Standard (BS) 1192 “Collaborative
production of architectural, engineering and construction information. Code of
practice.” When first created, the BS was not envisioned to support the creation of
information models, but to provide a framework for managing information. Originally
dated 1998, and then updated in 2007, the standard has as main focus construction
information and presents a methodology to manage the production, distribution and
quality of the information. After the advent of BIM and Government mandate, the
PAS was divided in different sections, covering the key aspects of the creation and

maintenance of the model.

In order to create a data-rich model, the British Standards Institution (BSI) published
in 2013 the Publicly Available Specification (PAS) 1192 Part 2 “Specification for
information for the capital/delivery phase of construction projects using building
information modelling” (BSI, 2013). PAS 1192-2 determines a set of standards
needed to meet the BIM Level 2 requirements for new constructions or
refurbishments and ensure a collaborative digital environment. Through the various
stages of the information delivery cycle (Figure 5-3), the PAS 1192-2 provides a
framework for the creation and development of an information model that results,
after the project handover, in the delivery of the as-constructed asset information

model (AIM).
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Figure 5-3: The Information Delivery Cycle (BSI, 2013)

Information within the model grows as the project moves from stage 1 (brief) to stage
6 (handover and closeout), and is based on the Employer’s Information Requirements
(EIR) identified at the beginning of the process. PAS 1192-2 was used as basis for the
international BIM standard ISO 19650 “Organisation of information about
construction works — Information management using building information

modelling,” due to be published in 2018.

During the operational phase, analysed in the PAS 1192 Part 3 “Specification for
information management for the operational phase of construction projects using
building information modelling” (BSI, 2014b), the AIM evolves according to the
events (e.g. major and minor works, breakdowns, transfer ownership) that occur while
the building is in use (Figure 5-4), enabling access to structured and consistent
information during the operational phase. The standard also identifies the relationship
between the key elements of information management: organisational information
requirements, asset information requirements, AIM, employer’s information

requirements and project information model.
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Figure 5-4: Information Delivery Cycle for Asset Management (BSI, 2014)

BS1192 Part 4 is “Collaborative production of information. Fulfilling employer’s
information exchange requirements using COBie.” The code of practice presents the
methodology for information exchange through the life-cycle of a facility (BSI,
2014a) through COBie, an information exchange schema that contains structured

content related to the model.

The final published document of the PAS 1192 suite is Part 5 “Specification for
security-minded building information modelling, digital built environments and smart
asset management” (BSI, 2015). As BIM supports the collaboration between parties
and information sharing, the document specifies the processes that companies should
follow to implement measures to reduce the risk linked with loss, disclosure of

information and cybersecurity.

In 2018, the BSI will publish PAS 1192-6 “Specification for collaborative sharing and
use of structured hazard and risk information for Health and Safety” and PAS 1192-7
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“Specification for defining and sharing structured digital construction produce

information.”

BIM Protocol

The BIM Protocol is a supplementary contract agreement created by the Construction
Industry Council (CIC), which identifies obligations and rights of all parties involved
in a BIM project and can be integrated with all forms of contracts currently used in
the construction industry. The Protocol should be incorporated into the professional
services appointments and identifies “the Building Information Models that are
required to be produced by members of the Project Team and puts into place specific
obligations, liabilities and associated limitations on the use of the models”

(Construction Industry Council, 2013).

Soft landings

A soft landing is a process that ensures a complete alignment between design and
construction expectation and the performance of the asset during operation. Soft
landings aim at achieving alignment between procurers, constructors and designers
with users and operators, as defined on the BIM Task Group website (BIM task
Group, n.d.) by:

1. Engaging with end users throughout design and delivery process.

2. Setting clear targets and measures:

o0 for functionality and effectiveness, so that the working environment is
conducive to productivity and social wellbeing;

0 for operational and capital costs, to reduce costs in construction and
operation;

o for environmental performance, to meet carbon and other
sustainability targets;

0 to commission the facility with the inclusion of training in partnership
with end users;

0 to assess performance for at least three years post completion to

establish outcomes and lessons learnt; and
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O to involve the design team in the early operating phase to tune

performance and ensure target outcomes.
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Figure 5-5: Soft Landing Process Map (NBS, 2013)

Once the building is complete, soft landings ensure that designers and contractors
remain involved in the construction project beyond construction completion to ensure
a smooth handover and verify, through feedback and post occupancy evaluation, that
the building operates as designed and all the parties involved during operations
(client, users, FMs, etc.) know how to use it to achieve optimum performances (Figure
5-5).

Classification

Owing to the quantity of data included in a model, classification is a key element that
needs to be defined at the beginning of each project in order to achieve structured and
effective information management. In the UK, Uniclass2015 is the classification
utilised by the construction industry, which covers buildings, landscape and

infrastructure through a hierarchical suite of tables.
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Digital plan of work

The digital plan of work identifies the different stages of a construction project,
providing details of the tasks and the outputs of the different stages. As shown in the
information delivery cycle (Figure 5-3), supplier’s information is exchanged at the
end of each construction stage and the digital plan of work identifies the plan of work

stages, the level of details of the information required and the uses.

5.3 BIM uses

The third and final element of the BIM definition are the possible uses of information
models. A BIM use defines how BIM can be used to achieve specific objectives.
Although BIM can be used for single, different activities during a building life-cycle,
the BIM uses are not linked with a single phase (Kreider & Messner, 2013). The
classification of BIM uses, according to Kreider and Messner (2013), can be divided

in five categories and 18 subcategories:

e Gather — Collect or organise facility information.

e Capture — Represent or preserve the current status of the facility and facility
elements.

e Quantify — Express or measure the amount of a facility element.

e Monitor — Collect information regarding the performance of facility elements
and systems.

e Qualify — Characterise or identify the status of facility elements.

e Generate — Create or author information about the facility.

e Prescribe — Determine the need for and select specific facility elements.

e Arrange — Determine location and placement of facility elements.

e Size — Determine the magnitude and scale of facility elements.

e Analyse — Examine elements of the facility to gain a better understanding of
them.

e Coordinate — Ensure the efficiency and harmony of the relationship of facility
elements.

e Forecast — Predict the future performance of the facility and facility elements.
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e Validate — Check or prove accuracy of facility information and ensure that is
logical and reasonable.

e Communicate — Present information about the facility in a method in which it
can be shared or exchanged.

e Visualise — Form a realistic representation of a facility or facility elements.

e Transform — Modify information and translate it to be received by another
process.

e Draw — Make a symbolic representation of the facility and facility elements.

e Document — Create a record of facility information including the information
necessary to precisely specify facility elements.

e Realise — Make or control a physical element using facility information.

e Fabricate — Use facility information to manufacture the elements of a facility.

e Assemble — Use facility information to bring together the separate elements of
a facility.

e Control — Use facility information to physically manipulate the operation of
executing equipment.

e Regulate — Use facility information to inform the operation of a facility

element.

BIM different uses can easily accommodate the different users’ needs and support
several activities through the different stages of a building life-cycle, as shown in

Table 5-1.
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Table 5-1: BIM Activities at Different Life-Cycle Stages (RICS, 2015)

Strategic definition 3D sketching and form generation
Preparation and brief Massing

Concept design Spatial programming

Developed design Sustainability studies

Technical design Project budget

Identify key modelling elements

Existing conditions e.g. as-built models

Disciplinary models

Federated models

Time and cost dimensions

Sustainability information

Model extraction for design and analysis

Preliminary design coordination

Detailed modelling, integration and analysis

Project procurement documentation

Detailed design coordination
Construction Phasing and prototyping

Quantity extraction

Specifications

Fabrication models

Contract administration

Collect as-built information
Handover and close out = As-built models

Validation and testing

Integration with facilities management systems
In use Integration BMS

Integration with monitoring systems

5.3.1 BIM applications during design

The ability to digital represent objects and transfer data between multidisciplinary
teams have made BIM a preferred choice for many design practices
(Ghaffarianhoseini, Tookey, Ghaffarianhoseini, Naismith, Azhar, Efimova &
Raahemifar, 2017). During the design stage, BIM can be used for three main
activities: assist in the development of the design, conduct design analysis and
develop construction-level information (Eastman et al., 2011). Most of the BIM
software currently available on the market supports the creation of the model from the
sketching phase, where ideas are quickly generated and assessed against each other.
As the model develops over time (Figure 5-6), moving from the schematic design
stage to the design development stage, BIM can be used to do some key assessments
such as circulation and security, energy analysis and preliminary cost estimate. Once
details about the building’s systems are included, the model can then be used to verify

compliance with structural, environmental, water and power distribution and fire

97



requirements, both in terms of legislative requirements and client’s requirements for

the building through the model visualisation and the analysis of the functional spaces.

RIBA Work Stages
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Figure 5-6: BIM Development through RIBA Stages (RIBA, 2013)

As the design reaches more advance stages and different consultants are involved in
the project, the model can be used to extract the relevant information to be shared
with the stakeholders. As each involved in the project would develop their own
model, BIM is used to transfer data and specifications between multidisciplinary
software (Ghaffarianhoseini et al., 2017) and to identify any possible clashes between
the different models by creating a federated model that highlights any design issue,
possible errors and omissions together with possible conflicts and constructability

problems.

BIM is also a powerful tool used to support the decision-making process and the
evaluation of possible alternatives that have, in particular during the early stages of
the project, a greater impact on the effectiveness and lower costs, as shown in the

MacLeamy curve (Figure 5-7) (Eastman et al., 2011).
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PD: Pre-design

SD: Schematic design
DD: Design development
CD: Construction detailing
PR: Procurement

CA: Construction
Administration

OP: Operation
Figure 5-7: MacLeamy Curve (Eastman et al., 2011)

The curve shows how decisions made during the early design stages have a direct
impact on the functionality and costs of a building project compared to a traditional
design stage (Eastman et al., 2011). The red curve represents how the cost of changes
increases by moving from the earlier stages towards construction and operation whilst
the effectives of those changes (green line) decreases as the project develops. In the
traditional design process (black curve), changes are made when the effectiveness is
lower and the cost of changes higher, while in a preferred design process (blue curve),
the decision process is complete before the construction documentation phase, when
the effectiveness of the decisions is higher and the cost is lower. To achieve the blue
curve, a “shift of effort” (Light, 2011) is needed and information needs to be available
during the first stages of the project, then BIM can support the shift. The collaboration
between designers, constructors, installers, fabricators, suppliers and facilities
managers (The American Institute of Architects, 2007) and the ability of BIM to
model and simulate a project right from the earlier stages of the design enables the
identification of the optimum project solutions at a stage at which the effectiveness of

the changes is still high and the cost for design changes is low.

5.3.2 BIM applications during construction

Before starting working on site, BIM can be used for phasing and communication
(Kymmell, 2008), providing details on a day-to-day basis on how the site will work
and identifying any potential problems or risks, such as health and safety hazards,

equipment on site, etc. The model also provides a detailed schedule of activities and
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can be used to support lean construction techniques and identify possible uses for

prefabricated components.

Once the design stage is complete, the model includes accurate quantities and
specifications of the project and can be used for procuring contractors, subcontractors
and suppliers (Irizarry, Karan, & Jalaei, 2013). Lastly, the model can be used to
analyse the impact that design changes that occur during construction would have on

the overall project and on the different disciplines designs.

5.3.3 BIM applications during operations

A fully populated model handed over at the beginning of the operational phase would
act as a unique source of data during operations. Becerik-Gerber, Jazizadeh, Li and

Calis (2012) identify several possible application areas of BIM for FM:

e locating building components;

e facilitating real-time data access;

e visualisation and marketing;

¢ checking maintainability;

e creating and updating digital assets;

® Space management;

e planning and feasibility studies for noncapital construction;
e emergency management;

e controlling and monitoring energy; and

e personnel training and development.

According to IFMA (2013), the main benefits of an integration of BIM and FM are:

e reduced costs: accurate and complete data ready for use when the building is
completed, and lowers data capture and operations and maintenance costs;

e improved performance: more complete and accessible FM data allows faster
analysis and correction of problems and fewer breakdowns, supporting happier

and more productive users; and
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e integrated systems: data from BIM integrates with Computerised Maintenance
Management System (CCMS), Computer-aided facility management (CAFM),
Building Automation System (BAS), updated over the life of a building.

As the focus for BIM remains on design and construction, the issue with FM is that
the research focuses on managing newly built buildings with available information
models rather than creating information models for existing buildings, which limits

the applicability of BIM for FM (Volk et al., 2014).

5.4  Benefits of implementing BIM

Since 2016, the UK Government has mandated BIM for publicly procured projects in
order to achieve the vision set for the construction industry for 2025 (HM
Government, 2013).The UK Government identified in BIM a tool that would support
the delivery of more sustainable buildings, more quickly and more efficiently. Based
on the latest NBS BIM Report (2017b) , the industry agrees that BIM is helping in

achieving the targets, in particular regarding cost and time reduction (Figure 5-8)

339% cost reduction

50% time reduction

50% greenhouse gas emissions reduction

50% trade gap reduction

mWillhelp ®Won't make a difference  ®BIM will hinder

Figure 5-8: Construction Industry View on Support Provided by BIM towards Industry Targets
(NBS, 2017b)

The time and economic benefits of implementing BIM have also been confirmed by

different researchers (Lee, Park, & Won, 2012).
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The three key elements of the BIM definition — the model, the developing process and
the uses — ensure the availability of information at different stages of the building life-
cycle, which is used for key decisions and allow for the development of a project in
time, on cost and in line with the client’s expectations. The different parties work
collaboratively using a common data environment, following the process described in
PAS 1192-2, which directly minimises the amount of miscommunication and
misalignment between the different disciplines, reducing the amount of rework
generally needed during projects. Moreover, BIM is encouraging the industry to think
beyond the practical completion of buildings and embrace a more life-cycle approach

by including FM needs and requirements into the design and in the output.

5.5 BIM adoption in the UK

Although utilising BIM for a construction project has several potential benefits, BIM
is still fairly new in the construction industry. Moreover, although the implementation
rate is constantly increasing, currently BIM is not part of the construction practice

(Jung & Joo, 2011).

The National Building Specification (NBS) every year releases a BIM report, which
provides an insight into the current use and awareness on BIM in the UK. The latest
edition of the BIM Report (NBS, 2017b) shows how the awareness and usage of BIM

have increased over the past seven years (Figure 5-9).
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2016
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2012
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® Aware and currently using ~ ®Justaware M Neither aware nor using

Figure 5-9: Construction Industry: BIM Awareness and Use (NBS, 2017b)

In 2011, only 13% of the participants were using BIM, compared to the 62% in 2017,
whilst the percentage of respondents that were not aware of nor using BIM reduced
from 43% to 3%. The report also shows that 96% of the respondents are expecting to

use BIM for their projects within the next five years.

Although the industry awareness and use of BIM have grown in the last years, some
of the responses highlight how the industry still does not fully understand BIM, its

potential and its uses, as shown in Figure 5-10.
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I'm still not clear what | have to do to comply
with the Government's 2016 BIM mandate

Information models only work in the software
they were made on

Unless specifications are linked to the digital
model, it's not BIM

M Agree M Neither agree nor disagree M Disagree

Figure 5-10: Construction Industry: Understanding of BIM (NBS, 2017b)

Over a third (37%) of the respondents are not clear on what to do to comply with the
Government mandate, whilst 23% indicated that information models only work in the
software in which they were made. Lastly, the final question confirms how the

construction industry does not have a distinction between BIM and 3D models.

Moreover, 7% of the participants stated that their organisation achieved Level 3 BIM
on projects: as BIM Level 3 has not been defined or standardised, it is possible that
the respondents are either going beyond the requirements of Level 2 or have not clear

conceptions of the different BIM maturity levels.

The report also shows that although the Government and industry bodies produced a
series of formal standards, the industry perception is that BIM is not yet sufficiently
standardised. At the same time, there is resistance towards the standards and
publications available. BS 1192:2007 and PAS 1192-2:2013 are the most used among
the standards or publications, but the percentage of use does not go beyond 40% with,

only 11% of the respondents utilising soft landings (Figure 5-11).
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BS 1192:2007

PAS 1192-2:2013

Unified plan of work stages (e.g. RIBA Plan of Work)
PAS 1192-3:2014

BS 1192-4:2014

Uniclass 2015

PAS 1192-5:2015

CIC BIM Protocol

The NBS Level of Detail definition

The NBS Level of Information definitions
The NBS BIM Object Standard

The BS 8541 series

Soft Landings

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Figure 5-11: Overview of BIM Standards and Publications Utilised by the Construction Industry
(NBS, 2017b)

The comparison between the use of standards and publications and the respondents’
awareness and use of BIM (Figure 5-9) show that most of the respondents who are
aware of and use BIM are not implementing the procedures created by the UK
Government and industry bodies. As BIM is based on collaboration and information
sharing between different parties, standards should always be agreed upon and used to
define processes and structures, otherwise the industry will not move beyond BIM

Level 0 or 1 and fully benefit from BIM.

5.6 Resistance to BIM adoption

As discussed, the potential uses of BIM for a construction project are numerous and
the awareness and use of BIM have grown in the past years (Figure 5-9). However,

there are a series of challenges and risks that are currently slowing BIM uptake.
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5.6.1 Limited investment in technology

Despite the integral role played by technology in the construction industry for the past
40 years, compared to other industries, the investment in technology has been quite

limited (Figure 5-12).
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Figure 5-12: Construction Industry Investment in Technology Compared to Other Industries
(NBS, 2016b)

BIM is a process underpinned by a technology, hence there is a necessary cost linked
with acquiring software, hardware and provide staff training (Elmualim & Gilder,
2014). Owing to the complex project-based nature of the industry and the domination
of small and medium enterprises (Elmualim & Gilder, 2014), many companies might
not see the benefit in making the investment, causing a market inequality between
small and large companies (Ghaffarianhoseini et al., 2017). Moreover, as the BIM
initiative has as its main driver the Government mandate, there is a risk that the

private sector uptake will be slower or reduced compared to the public sector.
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5.6.2 BIM interoperability issue

The construction industry is characterised by a lack of unified standards and
mechanisms that allow for the integration of information produced and utilised by
different disciplines (Juan & Z heng, 2014). Furthermore, the fragmented nature of
the industry has led the different professionals involved in a construction project to
develop separate and independent tools (Walasek & Barszcz, 2017). As BIM is based
on collaboration, information sharing and exchange are vital for the success of any
BIM project. Yet although there is a growing interest in Open BIM standards, which
were developed with the concept that models and information should be exchangeable
independently from a specific software or format, for example Industry Foundation
Classes (IFC), there are problems regarding accuracy and precision of models
exchanged between the different disciplines (Yousefzadeh, Spillane, Lamont,
McFadden, & Lim, 2015) but the industry is developing standards to assist the
process (Lee et al., 2012).

As part of the BIM mandate, the UK Government decided to demand the use of
COBie, avoiding prescribing any type of proprietary file format and therefore
imposing the use of specific software. COBie is a subset of the [FC, a data standard
developed by buildingSMART alliance, which is likely to be integrated into Digital
Built Britain (NBS, 2012), the BIM Level 3 strategy.

5.6.3 BIM client’s needs and user requirements

PAS 1192-2 specifies that the client’s needs should be defined and included into the
Employer’s Information Requirements (EIR) at the beginning of any construction
project. As described in PAS 1192-2, one of the “fundamental principle of level 2
information modelling is the provision of a clear EIR, [...] [which is a] pre-tender
document setting out the information to be delivered, and the standards and processes
to be adopted by the supplier as part of the project delivery process.” The EIR should
be included into the tender documentation to ensure all the appointed parties have a
clear understanding of what the client is requesting and what they are expected to
deliver and when. Without a structured and clear definition of the client’s needs, the
outputs of the BIM project are not clear to the different parties and there might be a

misalignment with the client’s requirements.
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5.6.4 BIM training and new roles

Moreover, as the BIM process is different from the traditional workflow, there is also
the need for a structured approach that provides a clear understanding of
requirements, responsibilities and outcomes. The approach should be applied from
inception to operations and, in order to achieve all the BIM benefits and full
collaboration, all the parties involved in the construction project need to be engaged in

the process.

5.6.5 BIM legal issues

As the model is shared among different teams/companies to include information and
achieve collaboration, there are often concerns about the intellectual property of the
model and the model items, together with the risk of unauthorised accesses to the
information and copyright infringement (Chien, Wu, & Huang, 2014). Owing to the
collaborative nature of BIM, there are also grey areas in term of level of
responsibilities of the different members involved in each project (Azhar, Khalfan, &
Magsood, 2015). Accuracy is a key risk in the development of the model and
responsibility and accuracy need to be clearly stated and agreed upon during the
procurement phase of the project to avoid claims (Olatunji, 2011). New forms of

contract that include BIM are needed to cover any legal aspect linked with the model.
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Chapter 6 Building Information Modelling and Facilities

Management

BIM is a technical evolution of CAD that supports not only the physical
representation of any built object but also its functional characteristics. Following the
BIM mandate in 2016 by the UK Government, the awareness and use of BIM have
grown across the construction industry and, through collaboration and information
sharing, BIM has made the design and construction phase more effective and

efficient.

Across the different phases of a building life, BIM has gained popularity amongst
designers and constructors by facilitating the increasing complexity of construction
projects (Cooke & Williams, 2009) and supporting more advanced analysis. However,
the FM uptake is still in its “normative stage” (Charlesraj, 2014). Moreover, although
there are numerous uses and benefits for implementing BIM during building
operations, researchers agree that facilities managers are currently falling behind and

not involved as much as the other disciplines in the BIM process.

6.1 FM and technology

Since the 1980s, when facilities managers had their first encounter with IT, the impact
of technology on the industry has been profound and caused many changes in the way
the industry developed. From building control systems to videoconferencing facilities,
CAFM and CMMS, IT has allowed facilities managers “to do more and accomplish
many tasks faster” (May & Williams, 2012). Owing to the nature of their work,
facilities managers deal with tremendous amounts of data in heterogeneous formats,
such as texts, spreadsheets and databases. Most of the documents are still paper-based
(Kassem, Kelly, Dawood, Serginson, & Lockley, 2015), and part of the facilities
manager’s role is to recreate incomplete, inaccurate (Lucas, 2013) and obsolete
information (Becerik-Gerber et al., 2012; Gursel, Sariyildiz, Akin, & Stouffs, 2009),
hence, during operation, “an inordinate amount of time is spent locating and verifying

specific facility and project information” (O'Connor, Dettbarn, & Gilday, 2004).

Although information is critical for the facilities manager’s duties, owing to the

fragmentation and the specific nature of information required for operating buildings,

109



data management is a challenge for the FM industry (Pérn, Edwards, & Sing, 2017).
Whilst in design and construction technological innovation is frequent and companies
need to follow the new trends or risk losing value, most of the facilities manager’s
functions are still done manually (Motamed, Hammad, & Asen, 2014). A pool
organised as part of the Facilities Show, the world’s largest dedicated facilities
management event (Facilities Show, n.d.), which included over 500 responses
confirmed that technology is considered by the majority of the respondents (27%) the
most important challenge facing facilities management professionals (Service Works
Group, n.d.). In general terms, compared to other fields in the construction industry,
facilities managers have always had a more hesitant approach regarding the
implementation of new technologies to support business needs. In the technology
adoption life-cycle, the FM industry cannot be considered as one of the early adopters,
but rather a laggard industry, always monitoring new developments before

implementing them.

The FM approach towards IT has been confirmed by the slow uptake of BIM. Using
BIM would increase efficiency and accuracy (Becerik-Gerber et al., 2012) and the
building model would be used as a single source for all the project information (GSA,
2011). Facilities managers could use BIM as a tool for knowledge creation, support
the improvement of working tasks by developing strategic solutions, make tasks more
efficient and enable the interpretation and analysis of the information. But although
BIM would be a useful tool for FMs to improve and standardise all available
information and support day-to-day operations together with life-cycle management,
only 10% of BIM use occurs during operation (Eadie, Browne, Odeyinka, McKeown,
& MCcNiff, 2013), and there is limited evidence of applications of BIM by facilities
managers in the industry (Pérn et al., 2017).

6.2 FM and building information models

Facilities managers have specific requirements in terms on information needed to
manage a facility and, over the building life-cycle, the number of graphics and amount
of data required varies from state to stage (Figure 6-1). The volume of graphical
information, fundamental during the design stage, decreases once the design is
complete, while other data become more important during the construction and

operation phases (IFMA, 2013) as facilities managers heavily rely on information on
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asset inventory, condition and performance (The building information modelling

trajectory in facilities management: A review paper).

Graphics

Graphics
. Data Attribute

more than graphics

-

Design Operate

Figure 6-1: Graphics and Data Needs over Building Life-Cycle (IFMA, 2013)

During the design and construction of new building it is important that facilities
managers are involved throughout the process so that their requirements can be
articulated and then included in the final information model, as described in PAS
1192-2. The involvement of facilities managers can also support the early
identification of potential issues related to operation and maintenance of the building
(The building information modelling trajectory in facilities management:A review
paper). However, the NBS BIM survey (2016a) shows that only 26% of the
participants passed over the model to the FM team during the last year, confirming
how the focus on BIM is still mainly on design and construction with little interest

and impact on what happens after practical completion.
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Work collaboratively on design
82%

Produce 2D digital drawings
78%

Produce 3D digital models
71%

Share models with design team members
outside your organisation 63%

Share models inside your organisation, across
disciplines 59%

Use a model fromm the very start to the very
end of a project 45%

Federate a model that didn't rely on one pieceof
software 34%

Pass on the model to those who are responsible
for the continued management of the building 26%

Figure 6-2: Uses of BIM Models in the Construction Industry in the Last 12 Months (NBS, 2016a)

The potential application of BIM for FM has not yet been fully exploited, however
more research are now focussing on this area (Pishdad-Bozorgi, Gao, Eastman, &
Self, 2018). 50-70% of the annual facility operating cost is on operations and
maintenance, which require the analysis of a variaty of information such as
maintenance records, work orders, cause analysis, etc, generally produced by different
stakeholders and hold in different systems. It was estimated that during operation,
more than 80% of the time is used to retrieve information, due to poor data integration
(Chen, Chen, Cheng, Wang, & Gan, 2018). By providing a single well-integrated data
system, the decision making process can be improved and the risk of cost increase due
to lack of information/knowledge can be reduced (Kwok Wai Wong, Ge & Xiangjian
He, 2018). Moreover, during building operation, BIM offers facilities managers the
opportunity to retrieve all revelant information from the building virtual model and
potentially support tasks such as space management, capital planning, asset
management, preventitive maintenance, building system analysis, commissionin
processes, development of emergency planning and decommissioning and re-
purposing (Pishdad-Bozorgi & al. 2018) by supporting the integration with other
information technologies (IFMA, 2013). However, analyses of the FM industry have
shown that significant work still needs to be done within the FM industry to fully
appreciate the benefits that BIM can provide to FM (Ashworth & Tucker, 2017).
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There are limited number of case studies available looking at BIM and FM, however
the initial results shown are promising (Wetzel & Thabet 2015): one case study
presented by IFMA (2013) shows a return of investment of 64% with a payback
period of 1.56 years through the intelligent use of information collected during design
and construction that supported better and faster maintenance decisions whilst Ding et
al. revealed a reduction of 98% of time required to update FM database through BIM
(Ding, Drogemuller, Akhurst, Hough, Bull, & Linning, 2009)

Moreover, as every building requires a bespoke BIM model which should be
constantly updated based on repairs and refurbishments (Pdrn, Edwards, & Sing,
2017), facilities managers not only have to understand the benefits of BIM but also
need to be able to manipulate the model and the lack of knowledge and technical

expertise represent a major obstacle in the implementation (Pédrn & al. 2017).

Another important issue that has a direct impact on FM uptake in terms of BIM is
modelling existing buildings. While following the construction project that has been
formulated in series of documents and procedures has several benefits throughout the
different stages, creating a model during operation is a more complicated process, and
cannot follow the same process stages of design and construction. Given that 70-75%
of the buildings that will be in used in the UK by 2050 have already been built
(Ravetz, 2008), and as the major opportunities for improvement comes from utilising
information models during operations (Barnes, 2013), there is a need to address the
problem of creating building information models for the existing estates to make BIM

available for all buildings, new and existing.

To investigate the relationship between FM and BIM, in particular the benefits of and
barriers to using information models for building operations, it was necessary to
interrogate the FM industry. As discussed above, the use of BIM for FM is not
limited, hence the analysis began with a focus group interview, which was used as an
exploratory study, followed by a more detailed study through a questionnaire survey,
which was used to verify some of the results that emerged from the focus group

interview.

The results of the focus group interview were published in the paper ‘How Facilities

Management can use Building Information Modelling (BIM) to improve the decision
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making process’ in the Journal fiir Facility Management, Issue 10 (see Appendix 6 for

full text).

6.3 BIM and FM focus group interview

With the objective of exploring the benefits and barriers associated with integrating
BIM into FM, a one-day workshop was held in January 2014 in London at the
University of Greenwich. Owing to the new domain of the study of BIM for FM, a
focus group interview was deemed appropriate to collect date as it produces
spontaneous responses (Kvale & Brinkmann, 2009) through the participants’
interaction, and generates data through group discussions (Morgan & Scannell, 1998).

The data collection and analysis process were presented in section 2.4.3.1.

Twenty-two participants representing different stakeholder groups from the building
operational phase were pre-selected and invited. Having an adequate number of
participants with relevant knowledge of the focus areas ensured the progression of the
discussion during the day without biased views being presented. All participants
(Table 6-1) were invited directly via email and received the agenda of the day,

together with a short biography of the other participates, before the workshop.
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Table 6-1: BIM and FM Focus Group Interview Participants

Number of years

worked in the

industry
Lecturer 22 Academia
Managing Director 20 Public sector
Estate Development Manager 10 Private sector
Project Manager 28 Private sector
Director 20 Private sector
Technical Director 30 Private sector
Lecturer 10 Academia
Lecturer 20 Academia
Responsible IT strategy and 30 Public sector
operational delivery
Researcher 20 Academia
Consultant 20 Private sector
Lecturer 30 Academia
Head of BIM 15 Private sector
Head of Digital Construction 10 Public sector
Compliance and Risk Manager 17 Private sector
Consultant 40 Private sector
Head of Facilities Management 20 Public sector
Associate Director for the Built 15 Professional
Environment Body
Consultant 15 Private sector
Chief Operating Officer 20 Professional

Body

Principal BIM Integrator 15 Private sector
Group BIM Manager 12 Private sector
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6.3.1 Focus group findings — Benefits of implementing BIM for FM
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Figure 6-3: Workshop Findings — Benefits from Implementing BIM for FM

6.3.1.1 Knowledge capture

“BIM forms parts of a connection of a number of other systems that link together to

provide all of the data that we need [to manage a building].”

“You can just attach your spacial data into that data set and it starts to grow over

time.”

The participants believed that sharing a common model among all the stakeholders
allows for the sharing of information in a more rapid and effective way, in that once a
change is made, the model will automatically show if it could cause any issue or if

other changes are needed, unlike what happens with 2D/3D stand-alone drawings.

If facilities managers are involved in the design process, providing feedback on the

decisions made by designers and architects using the visualisation and walkthrough
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opportunities provided by BIM, the asset will have an increased value and the
management process will be easier during the building life. BIM will enable
collaboration and information sharing among designers, engineers, builders, suppliers,
clients and facilities managers, allowing the industry to break down the silos in which

the different teams have worked in the past.

6.3.1.2 Whole-life management

During the discussion, it was argued that the inclusion of FM in the design stage and
the consequent collaboration on a single model would facilitate capturing detailed
information on the building before it is built. The information can then be used during
the tender process and to model the building behaviour over time, identifying
potential alternatives, and make informed decisions that will have a greater impact on

the whole-life cost of the building.

6.3.1.3 Assist business journey

“It is about the adaptability, the flexibility of the building. The fact that [...] the
business journey may change may influence the way the building is being used.

Therefore [BIM] looks at how that building can accommodate the changing.”

“[We have to map] The business journey to understand the movement dynamics of
what would happen in the property, to try to look at productivity because we're
looking at large numbers of people, potentially operation people and salary cost of

those.”

The participants agreed that a building has to accommodate the business’ needs, and
facilities managers can use BIM to review what has changed in the past in order to
create hypotheses and scenarios of what might happen in the future. As such, during
the life-cycle of the building, BIM can be used to accommodate the business changes,
modelling different solutions and helping the decision-making process. Essentially,
BIM can be used as a tool to increase flexibility and adaptability of a building,
improving the quality of the work environment and therefore having positive effects

on productivity.
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6.3.1.4 FM early engagement

“If you don’t get the right people around the table upfront. It's difficult to control once
the horse has bolted.”

“We could be looking at internal FM staff that were already parts of client
organisations that initially broke into the project team to be advising and working with
the design team, project manager and the quantity surveyors. If there isn't one present,
perhaps we're building a new facility then we should be looking to bringing in an
external consultant who advises on the FM, the implications of design how they
manifest themselves going forwards or we could be looking to procure an FM

consultant to engagement within that team.”

During the group discussion, it emerged that BIM allows facilities managers to be
involved in the design stage, giving them the opportunity to visualise the building and
influence the design process. This use of the BIM would create a feedback loop,
resulting in a continuous improvement of buildings, and consequentially less need to
rework during the construction phase. Facilities managers can also use the model to
calculate, once the design is complete and before the construction begins, the
operational expenditure (OPEX) that together with the capital expenditure (CAPEX)
gives the total expenditure (TOTEX) of the building during its whole life.

6.3.1.5 Defined data strategy

“Essentially we have the one single source of truth which is the BIM data. And
actually, what our facilities managers’ need is usable information. They don’t need
reams and reams and reams of numbers and figures that actually may be quite

meaningless to them. That is the information that is usable for them.”

“[...] understanding from the beginning what it is we need at the end, because there is
no point getting to the end of a project and handing over tons of data because you

know it's going to be the wrong data.”

According to the participants, identifying the data needed by facilities managers for
managing the building during the pre-design stage helps in collecting this data into the

BIM model before handover and in the right format, providing a single source of data
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fit for purpose. Doing so will allow facilities managers and clients to set the targets at
the beginning of the process and test the outcomes while the building is in use. BIM
can also facilitate the building handover and provides easier access to data, as it

contains all the information needed to operate the building in a single database.

6.3.1.6 Support soft/hard services and strategic FM

“[...] as we change things, perhaps we extend or upgrade or improve our facility, all

these [sic] information [...] should be fed back into the one single source of truth.”

“Obviously spacial data and a lot of soft services information will sit within the BIM
model and that information will then be taken forward to put it into [...] CAFM

systems to map some of that activity.”

“It’s so easy in construction because [...] crash detection saves money, ‘design twice,
build once’ is a no brainer. In the FM world, it might be about de-risking the FM.
Traditionally they come in and validate all of the asset databases. If they’ve got the
confidence that that information is good, then they may de-risk the whole service and

obviously then with that the cost come down, they make more profit.”

During the workshop, it was agreed that the data within the model and collected
during the life of the building can be used to make informed decisions, and provides
the opportunity to improve the maintenance strategy. Data can be located in an easier
and quicker way, for example by using mobile devices directly on site. The workshop
participants agreed that the model should include cultural and behavioural aspects in
order to enable more informed decision-making processes, tailored to the building and
users. Unfortunately, presently available software on the market does not present

these features as yet, to the authors’ knowledge.

6.3.1.7 Access real-time data

The participants recognised that BIM, as an intelligent model, automatically updates
the model once a change is made, which can help facilities managers to make
decisions based on real-time data about the building behaviour and use. The

information stored within the model can create a learning cycle, enabling a deeper
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understanding of the building dynamics and a constant improvement throughout the

facility’s life-cycle.

6.3.1.8 Cultural impact

“Actually involving the stakeholders, the operators, the potters, the cleaners, all those
guys in the business delivery [...] you start to solve the problem. And then you have

an impact on the social outcome which is actually the big deal.”

“What FM will probably get out of BIM straight away is getting a structure around

how they can impact the culture within design and construction phases as well.”

BIM can also have a positive impact on the building’s users. According to the
participants, improved buildings can enhance the users’ experience and a deeper
understanding and analysis of the building can lead to a building tailored on the users’
and company’s needs. A deeper understanding of the building in use, from pre-design
to the building end of life, leads to reduced costs and waste, especially in terms of

energy use.

6.3.1.9 Maximise operational aspects

“That will feed in to the model, then that would speed up everything. So, we're onto a
high level of actually getting things done quicker and better and we all learn as long

as we can.”

Facilities managers can use BIM not only for location and visualisation purposes but
also as a tool to maximise operations and maintenance. The data stored within the
model can be used for analysis of the building during its life, revealing information

useful for future strategies.
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6.3.2 Focus group findings — Barriers to implementing BIM for FM
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Figure 6-4: Workshop Findings — Barriers to Implementing BIM for FM

6.3.2.1 Perception of BIM

“FM contracts tend to be low margin so therefore, actually the people who run the FM
companies are under accounted. So that’s nothing new. To translate them that it’s
worth doing this [BIM] you need to have a huge body of evidence to say that it’s

going to save them money, bottom line.”

During the discussion, it was clear that even though facilities managers consider BIM
a facilitator rather than an inhibitor to their work, BIM is still a new topic and its
potential is not fully understood. Although the industry is aware of the possible use of
BIM for enhanced building maintenance, there is not enough evidence to convince
facilities managers to fully embrace this new process. The current lack of interest is
slowing the process of implementing BIM for FM, in contrast to its reception its

reception in the rest of the construction industry.

121



6.3.2.2 Building physical aspects

“[The data needed] vary on an FM by FM basis.”

“The first thing we really need to understand is what’s the minimum information we
can derive from an existing asset rather than a new asset that gets us to this point

because we can’t start the game until we got some data.”

“So, I’ve got a crappy asset and I’ve got no money. I’ll now build some data, I now
need to apply a strategy to it. How do I generate a strategy while someone is having
that conversation about fixing the price rather than just giving me the asset and say
you got no money to administrate and manage it? Those two pieces of, what’s the data
and what’s the process? I guess the two really important pieces of data for an existing

asset, including condition survey.”

Implementing BIM for existing buildings seems to be a great concern for both the
construction industry and facilities managers, and the issue was raised by different
participants. There is the need to understand to what extent the model has to be
created, what data is necessary to make a BIM model helpful for facilities managers,
and who will be in charge of implementing it and overseeing its on-going

management.

Furthermore, companies can have different attitudes towards FM, which can change
the potential use of BIM. Different management strategies imply different information
that needs to be stored and recorded during the building’s life-cycle, and needs to be

taken into consideration while implementing the model.

6.3.2.3 Standards and policies

“There's talk about integrating all the tools sets [...] but it doesn't work quite right yet

and actually we need to get a proper set of tools to support this process.”

“Data standards are required, we know that.”

The participants agreed that in order to assist the industry adoption of BIM, there is a
need to create a unique BIM standard, preferably at an international level. Such a

standard would put pressure on software developers to create globally applicable tools
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that will make information and data exchange between other tools a straightforward
process. The UK Government is currently demanding COBIe files as output from a
BIM model for public projects, but as long as there is not a unique standard

interoperability between software and integration, this will be hard to achieve.

6.3.2.4 Education and skills

“I think there is a real disparity between the educated and the non-educated [clients] at

the moment.”

“We then discussed some of the issues in terms of the FM phase around equipment
selection, reviewing access, and we were talking about sign offs on design and etc. Do

they have the kind of actual capability to sign off on design?”

“Where they are actually as clear as it should be currently in terms of the guidance out
there or in terms of contracts, and when we are as a contractor tendering for work, it's
touched on and it's talked around with the government soft landings, but there is no a
specific client requirement identified generally out there at the moment in and around

that.”

“Going back to that sort of skills and knowledge gap really, I think we are in a bit of a
lag at the moment. I think we are all working forward with that but we are not quite

there yet across in the industry.”

“We talked about the need to educate clients and also our chain, cross pollination
across professionals. Contractors might be unaware of what we do in FM and FM
guys understanding what the contractor is doing, understanding how that comes

about.”

The participants believed that as BIM is a fairly new topic about which the
construction industry is still learning. If the stakeholders are not aware of the potential
of BIM, there is the risk they will not be interested in investing money, time and effort
to implement it, therefore losing future opportunities. Training will help stakeholders
to understand what can be achieved using BIM and how it can be helpful to

accomplish the company’s goals.
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6.3.2.5 Risk and uncertainty

“What about product developers who may be looking to build an asset and then sell it

on very quickly?”

“If they’re just going to sell the building six months afterwards, [BIM] is a cost that

they would like to remove quite possibly.”

“What we don't want is repetition of data that then becomes inconsistent and

unmanageable, and that comes back to having some standards the industry needs.”

The workshop participants agreed that the new BIM market might create new BIM
job roles and specific courses, which would lead to a fragmentation instead of the
integration and shared information that ideally underpin a BIM model. All the
stakeholders should understand how the model works, what its purpose is and how to
use it as part of their work. Until the stakeholders’ minds change, investors will
probably not be interested in including FM at the design stage or creating BIM for

buildings that will be sold once they are complete.

6.3.2.6 Information management and technology

“You get different levels of accuracy. You have to understand or define validity and
checking and certification of those data. You have data that is valid but incorrect, and

that's the problem you get with these sorts of data.”

“Everybody suddenly says, “have you been collecting all data?” Then people think
they’ve been collecting it but when you then try to benchmark it, it’s in a way that
doesn’t quite work, doesn’t quite fit and you end up in a complete bloody mess

because you haven’t clarified up front what you want.”

Once the BIM model is handed over to FM, not all the information within the model
will be useful for managing the facility during its operational phase, thus the model
may be overloaded with unnecessary information. The information will then be
exchanged with various other software such as computerised maintenance

management systems, building automation systems, energy management systems and
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electronic document management systems, and the data might be duplicated or lost

during the process.

During the life-cycle of the building, the information about changes needs to be
recorded in a unique format, but the participants were not clear as to who would be in
charge of this task. Also, it is necessary to decide whether specific types of

information should be included in the BIM model or in different software.

6.3.3 Discussion focus group findings

The purpose of the workshop was to gain initial insight into the perceived benefits and
barriers linked to the implementation of BIM and FM. During the group discussions
and interactions, the attendees identified a series of possible benefits that facilities
managers could achieve by implementing and using BIM, as well as industry gaps
that need to be overcome before the implementation will be possible. Some of the key

points were:

e having a single source of usable information for FM is essential, but a data
strategy is essential to ensure that the right information is included in the
model;

e information within the model can support decision-making and improve
maintenance strategy, but the use of BIM should not be limited to hard
services but also include soft services;

e implementing BIM for existing buildings and understanding what data should
be included is a key issue for FM and the construction industry; and

e the participants’ perception is that BIM is still new for facilities managers and,

although they do understand the benefits, there is a general lack of interest.

Following the initial study on BIM and FM, a more detailed analysis of the industry
was necessary to verify whether the perception and views that emerged during the

workshop on the relation of FM with BIM truly represent the industry.
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6.4 Building information modelling use in facilities management

The literature offers only limited in-depth studies that focus on the facilities
managers’ views and awareness of BIM, thus provides only partial insight into their
relationship with BIM. The most recognised are the NBS annual BIM report and the
BIM4FM survey presented in 2013 by the BIM4FM group. Although these studies are
useful to gain some insight into the reality of BIM in the construction and FM

industry in the UK, they both have limitations.

The NBS survey is realised yearly and presents an overview of how the construction
industry has changed in terms of BIM over the past seven years. However, the
participation from the FM industry is very limited — in the 2016 edition only 1% of

the respondent were facilities managers (Figure 6-5).

Architect 40%
Architectural Technolgist 11%
BIM Manager 7%
Other 7%
Contractor 5%
Building Services Engineer 5%
Project Manager 4%
Quantity Surveyor 3%
Structural Engineer 2%
Landscape Architect 2%
Civil Engineer 2%
CAD Technician 2%
BIM Technician 2%
Building Surveyor 2%
Facilities Manager 1%
Interior Designer 1%

Chartered Surveyor 1%
Property Developer 1%
Engineer - Other 1%
Manufacturer 1%

Building Engineer = 0%

Figure 6-5: Respondents’ Jobs in the NBS BIM Report (NBS, 2016a)

Conversely, the BIM4FM survey focuses on the FM view and perception about BIM,
with questions such as “Do you believe that BIM will help support the delivery of
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FM?” and “How do you think your company will use BIM?”. The survey highlights
how the majority of facilities managers believe that BIM will support the delivery of
FM (61.7% of the participants), and that the key opportunities for implementing BIM
will be in life-cycle management, improving efficiencies, cost reductions and carbon

reductions (Figure 6-6) .
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Figure 6-6: Uses of BIM from BIM4FM Survey (BIM4FM, 2013)

The results, although interesting, do not provide an insight into how much facilities
managers know about BIM and how BIM is used in the FM industry. To answer these
questions and verify the findings from the workshop, the FM industry was

interrogated through a questionnaire survey.

6.5 Questionnaire survey

As discussed in section 2.4.3.2, the survey comprised three separate sections. The
questions asked in section 1 — profile of respondents, were intended to gather general
information about each respondent, including role, organisation and nationality,
confirming that the correct audience has been targeted. Section 2 — inefficiencies in
FM, aimed at understanding which, among the tasks generally performed by facilities
managers, are perceived as the most inefficient. The results of section 2 of the

questionnaire are presented in Chapter 7. Lastly, the questions in section 3 — BIM
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awareness, knowledge and use offered some understanding of the relationship

between BIM and the FM industry.

6.5.1 Response rate

A total of 7055 professionals, identified thr