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The adoption of Building Sustainability Assessment (BSA) systems is becoming a
growing trend, but it has been criticised for being inconsistent and resource-
consuming. Recent development of Building Information Modelling (BIM) could
help facilitate the BSA process. There has been useful research conducted in this area
but there has been limited focus on the practitioner’s perspective. This paper fills that
gap by exploring the practitioners outlook on the subject. The main aim is to develop
a conceptual framework that compiles the wisdom of both theory and practice. Two-
step method was adopted; a survey targeting different practitioners, followed by semi-
structured interviews with selected experts. Lack of knowledge and data exchange
limitations were ranked highest among the survey respondents, while the level of
information (LOI) and BIM libraries attracted more attention by the experts.
Additionally, new challenges were introduced and new research areas to promote the
development of BIM-based BSA were uncovered.
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INTRODUCTION

Climate change has become the most pressing challenge we face today. This was
clearly signified in the unprecedented extreme weather events that took place during
the last decade. The building sector is a major contributor to that climate change and
according to the International Energy Agency Global Status Report in 2018, buildings
generated nearly 40% of global carbon emissions, and consumed almost 50% of all
extracted materials. Recognising the urgency of these challenges, the demand for
green buildings is steadily increasing, and the role of Building Sustainability
Assessment (BSA) systems is becoming more significant to building professionals.

A BSA scheme is a systematic portfolio of guidelines, with defined categories and
benchmarks, that aims to evaluate the sustainability performance of buildings.
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Examples include BREEAM in UK, LEED in US, and Green-Star in Australia.
However, BSA is still criticized of being inaccurate, inconsistent, and resource-
consuming process (Carvalho et al., 2021). On the other hand, Building Information
Modelling (BIM), a data-rich digital representation of geometrical and functional
characteristics of a building, is proposed as an optimum solution to overcome BSA
challenges (Ayman et al., 2018). Recent development of BIM might be capable of
supporting BSA process through facilitating the collection and documentation of real-
time information needed for the assessments (Gandhi and Jupp, 2014).

Due to various reasons, the synergy of BIM and BSA is still immature, unwelcomed
by project teams, and far away from being widely adopted (Lu et al., 2017).
Alsehrawy et al., (2020) attempted to explore the reasons behind this lag through
examining peer-reviewed literature, published within the last decade, and has
successfully outlined 10 major challenges facing BIM-based BSA (Table 1).
However, most of the reviewed papers were theoretically oriented, tended to overlook
real project environment, and since this topic is a rapidly evolving area that is highly
impacted by technology development and market conditions, it was insufficient to rely
on literature findings, and there was a strong need to incorporate the input from
industry practitioners.

Based on the above conviction, this paper explores the practice community outlook on
the subject, aiming to develop a framework that bridges the gap between existing
theory and practice. The framework defines the main areas of concern to achieve an
effective enhancement of BIM-based BSA. This aim is achieved through a two-
rounds of data collection; a practitioner’s survey and experts’ interviews, and the
results were analysed using a hybrid approach of inductive and deductive thematic
coding.

The objective of the survey is to explore the attitude of an adequate sample of
respondents, who represent different areas of the industry, about the previous
literature findings, through asking them to assess the BIM-based BSA ten-challenges
(Table 1). While the interviews seek to collect more in-depth insights on selected
professionals’ thoughts and ideas (Kendall, 2008), utilising their wide experience and
knowledge, to evaluate the research findings and uncover new areas of interest.

The two methods were carefully selected to help satisfying the paper’s aim by adding
two layers of practitioner input, where upon completing both steps, an updated list of
BIM-based BSA challenges shall be concluded, with new challenges added, and
existing ones rearranged based on the practitioner’s feedback. Also, and according to
Harris and Brown (2010), the simultaneous use of both methods helps generate
confirmatory results (Harris and Brown, 2010).

Questionnaire Survey

A questionnaire to investigate the subject was developed using Microsoft Forms web-
application due to its reliability, simplicity and ease to export tabulated results. It was
then shared online with more than 200 industry members, based in the Middle East,
and belong to different building disciplines. Since a wide respondent's coverage was
targeted, the selection of respondents was not limited to a specific criterion (Age,
Gender, etc.). Online communication in sending and receiving responses was adopted
for its time and cost-effectiveness, allowing wider access to higher diversity of
respondents, and eliminating influence that might take place during face-to-face
contact. The response percentage was 25% (50 out of 200).
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Table 1: Ten Major Challenges facing BIM-based BSA (Alsehrawy et al., 2020)

# Challenge Challenge Description Category
01 Technology Deficiency of the available BIM tools and software in BIM-
supporting sustainability assessment process. related

02 | Data Exchange | Lack of interoperability between different BIM software and BIM-
inability to manage exchange information in consistent way. related

03 Level of |  Lack of LOI standard and ignorance of LOI concept when BIM-
Information conducting BSA processes using BIM. related

04 BIM Library Current BIM databases lack the sufficient building BIM-
components with sustainability-data needed for BSA. related

05 Standards The absence of well-defined workflow, standards or BIM-
professional codes to manage the BIM-based BSA process. related

06 BSA The complicated nature of BSA schemes that requires that BSA-
Complexity only qualified professionals can deal with. related

07 | BSA Diversity | The availability of many BSA manuals worldwide makes it BSA-
difficult to integrate BIM consistently. related

08 Knowledge Lack of Knowledge and Awareness about the benefits and | Organisation-
applications of BIM and BSA. related

09 Resources Financial limitations and economic constraints. | Organisation-
related

10 Culture The resistance to change and the unwilling to embrace the | Organisation-
BIM and BSA being relatively new concepts. related

The questionnaire was divided into two sections. The first comprises ten-questions,
each question aims to evaluate a challenge based on a 5-points Likert Scale (1- A

Major Challenge, 2- An Average Challenge, 3- A Minor Challenge, 4- Not a

Challenge and 5- Not Sure).
Table 2: Distribution of Respondents

BIM Proficiency Respondents Perc.
Expert and internationally certified BIM professional 8 16%
Get involved into BIM processes occasionally 26 52%
Never got involved in a BIM process, but got some knowledge about BIM 14 28%
Never got involved into a BIM process and do not know what BIM is 2 4%
BSA Proficiency Respondents Perc.
Expert and Internationally certified BSA professional 3 6%
Get involved into BSA processes occasionally 17 34%
Never got involved in a BSA process, but got some knowledge about BSA 27 54%
Never got involved into a BSA process and do not know what BSA is 3 6%
Industry Field Respondents Perc.
Building (Design Area) 27 54%
Building (Construction Area) 17 34%
Building (Other Areas) 6 12%
Non-Building 0 0%
Experience Respondents Perc.
Under 10 years 13 26%
10-20 years 30 60%
20-30 years 6 12%
Above 30 years 1 2%

The definition of each choice was indicated at the section preamble, to limit disparities
in respondent’s interpretation to the meaning of each choice. The second section
seeks to collect personal information about the respondent and his/her knowledge.
This section comes later to allow respondents to evaluate the challenges at the first
section, before they might lose interest and engagement. Table 2 shows the
respondents distribution in terms of BIM proficiency, BSA proficiency, Industry field
and Experience. Most of the respondents have an experience of 10-20 years, belong
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to the design area, and have an acceptable level of awareness and knowledge about
BIM and BSA.

The objective of the questionnaire is to rank the ten-challenges according to their
significance, by giving a score to each challenge. Theses scores are calculated using
the responses received through the following steps:

1. Convert the textual choices to numbers that can be used for further statistical
quantitative analysis, in a similar approach to what has been proposed by Srnka
and Koeszegi (2007). As shown in Table 3, the highest value (1.5) was
assigned to ‘a major challenge’ choice, and the value decreases as we go down,
while ‘not sure’ was given zero, and ‘not a challenge’ was given a negative
value. On the other hand, corresponding numbers were also assigned to the
levels of BIM and BSA knowledge and expertise. The highest value (3) was
assigned to ‘Expert and Internationally certified’ and the value decreases as we
go down. The rationale behind assigning these values, is to award more credit
to responses provided by experts and those who have wider knowledge in the
field, while give lower credit to responses made by those who have less or no
knowledge nor experience.

2. The response score for each challenge is calculated through multiplying the

corresponding numerical values of each response (Response Assessment Value
* Respondent BIM Knowledge Value * Respondent BSA Knowledge Value).
Table 3: Conversion of Questionnaire Textual values to Numerical Values

Assessment Textual Value Corresponding Numerical Value
A Major Challenge 1.5

An Average Challenge 1.0

A Minor Challenge 0.5

Not a Challenge -1.0

Not Sure 0

BIM Knowledge Textual Value Corresponding Numerical Value
Expert and internationally certified BIM professional 3

Get involved into BIM processes occasionally 2

Never got involved in a BIM process, but got some knowledge about BIM 1

Never got involved into a BIM process and do not know what BIM is 0.25

BSA Knowledge Textual Value Corresponding Numerical Value
Expert and Internationally certified BSA professional 3

Get involved into BSA processes occasionally 2

Never got involved in a BSA process, but got some knowledge about BSA 1

Never got involved into a BSA process and do not know what BSA is 0.25

Figure 1 presents the final total scores of all challenges after counting all the received
responses. As indicated, ‘Lack of Knowledge' ranks first with a total score of
172.375, while ‘BSA Diversity’ ranks last with a total score of 47.2. Table 4 shows
the calculation of Challenge-9 'lack of knowledge' as a demonstration example.
Figure 2 indicates the total score of the three groups of challenges; BIM-related
(denoted in vertical stripes), BSA-related (denoted in horizontal stripe) and
Organisation-related (denoted in diagonal stripes). Findings reveal that BIM-related
challenges are considered by participants more influential than BSA-related. This
opposes the theoretical belief that BSA-related challenges, such as the diversity and
multiplicity of BSA methods are major hurdle to BIM-based BSA (Carvalho et al.,
2020), such a variance confirms the gap between theory and practice. Another
unexpected outcome is the relatively high score gained by the Level of Information
(LOI). LOI was one of the topics that has not received appropriate attention within
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literature. Only few studies have attempted to investigate its impact on the BIM-based
BSA (Ramaji et al., 2017). However, survey results conveyed interest of practitioners
in the topic.

Table 4: Demonstration example of Score calculation: Challenge (9)

Respondent #1  #2  3-48 #49 #50 Challenge (9) Total Score
BIM Proficiency 3 2 - 3 2 -
BSA Proficiency 3 1 - 3 1 -
Challenge (9): Knowledge 1 05 -- 1 1 -
Calculated Score of Challenge (9) 9 1 - 9 2 172.375

Figure 1: Challenges facing the integration of BIM and BSA / Score
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Figure 2: Categories of Challenges / Average Score

In part-two of the questionnaire, respondents were asked about the benefits of BIM,
with 4 choices. Since the question was investigating a BIM-subject, BIM knowledge
corresponding values (Table 3) were again used to calculate the total answers. As
shown in Figure 3, ‘coordination purposes’ were seen as the top benefit with a total
score of 66, followed by ‘productivity, ‘visualisation' and ‘sustainability' respectively.
These findings indicate how BIM is still not recognised by practitioners as a tool to
optimise sustainability applications, including sustainability assessment (BSA).
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Figure 3: Top benefits of BIM / Score
Interviews

Following the Survey, six interviews were conducted with six experts who have broad
experience and knowledge in the areas of BIM and BSA. The main objective is to
validate the survey findings, explore the subject deeper, elicit qualitative experience-
based insights into the topic and draw out genuine conclusions. Compared to
questionnaires, interviews provide the opportunity to ask longer and more complex
questions, while allow participants the time and flexibility to engage in sharing more
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details about their views in their own terms (Harrell and Bradley, 2009). Interviews
were administered online to save time, expand the access to wider circles of experts
and make it easier to record and transcribe the dialogues.

They were also conducted with individual experts, one at a time, to avoid the cross
influence they may have on each other in case interviewed in groups. Interviewees
were carefully selected out of tens of potential candidates if they had at least 10 years
of experience and deemed to have the adequate expertise in the fields of BIM or BSA
or both.

Additionally, variation was considered, by having interviewees with different
backgrounds, working at different areas of the industry as shown in Table 5.
Interviews were divided into two parts; the first comprises general pre-structured
questions about the topic, allowing a qualitative open discussion, that is centralised
around these questions. The second part is based on the survey questions, where
interviewed experts are asked to give their input on the survey questions and received
responses. This order and structure encourage more objective interviews, through
avoiding any biases that might be caused by introducing the survey questions and
findings at the beginning.

Table 5: Interviewees Background

Interviewee Position Company Area of Years of Area of

Industry Experience Expertise
#1 Projects Director Financial Institution Operation 25 BSA
#2 Site Manager Contractor ~ Construction 24 BSA
#3 Principle Architect Consultancy Planning 18 BSA and BIM
#4 BIM Technologist Consultancy ~ Sustainability 21 BSA and BIM
#5 BIM Manager Consultancy Design 20 BIM
#6 Architect Lead Consultancy Design 11 BIM and BSA

Part-One: Pre-Structured Questions

Initially, interviewees were asked about the most used BSA scheme and BIM
software. There was a consensus over US LEED as the most common BSA system.
#3 attributed that to the geographical diversity of the US, and that US LEED was
developed to satisfy the requirements of both hot and cold regions. However, #1
believed that no single BSA system can be applied at two different locations, due to
the unique needs of each. He recalled when his team once faced difficulties applying
US LEED in a Middle Eastern project, due to inapplicability of some of its
requirements, such as providing bicycle facilities “Bicycles are not commonly used
here as the temperature exceeds 40°C most of the year”.

On the other hand, Autodesk Revit was selected by all participants as the most
prevailing BIM software. However, as per #5 “when it comes to green design and
assessment, there are other BIM software, that are more specialized than Revit”.
Interviewees were then asked about how BIM is currently used to facilitate the BSA
process by practitioners. There was a general agreement on the absence of any
accepted approach that utilises BIM to facilitate BSA. #4 a BIM developer at an
international consultancy stated that “this might be a market gap, only individual
attempts and few basic plug-ins for BREEAM and LEED exist, but nothing specific is
out there, practice will be welcoming any work in that direction”. #3 also confirmed
that practitioners are still far away from utilising the full potentials of BIM “we are
using less than 10% of what BIM is capable to do”. Lastly, interviewees were asked
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about the reasons behind the weak integration of BIM and BSA in practice based on
their own experience.

Part-Two: Survey Questions

The second and the last part of the interview involved taking each interviewee through
the ten challenges and the survey findings, asking for their assessment and feedback.

Surprisingly, interviewees disagreed with the survey findings which ranked
technology and data exchange limitation at the top. Although, they confirmed that
these may represent current challenges, however, they gave little weight to them. #4
claimed that “today, we have a variety of software that support green design, they
might not be enough, but they are improving quickly, while we have GBXML and
IFC4 which facilitate green BIM data exchange, and again they are developing fast”.

Interestingly, 5 out of the 6 interviewees found level of information (LOI) to be a
major challenge. #6 believed that “utilising BIM for sustainability assessment will
stay infeasible as long as the BIM models are not accommodating all the information
needed for the assessments”. He also pointed out a new International Standard which
will be released soon and can support addressing this area. “ISO 7817 will establish a
methodology for specifying the level of information need in a consistent way, this can
be helpful to define the LOI needed for sustainability assessments”. In the same
context, #3 confirmed that this area “needs to be explored”.

BIM libraries limitation was another challenge that attracted interviewees' attention.
Although #3 believed that “the number of manufacturers and suppliers who develop
their products into BIM models is growing”, #4 highlighted that we still don’t have
standards for BIM library elements, "Most of the BIM families used by design teams
are generic and inconsistent, with no sufficient data”.

When asked about the standards, interviewees listed a wide range of related standard
documents as (PAS1192, ISO19650 and NBS toolkit), however, #5 affirmed that we
still have no official standard that regulates the integration of BIM and BSA, “It might
not be much needed 5 years ago, but today, in 2022, we definitely need a one”.

Like the survey findings, interviewees have not put much focus on BSA-related
challenges as BSA complexity and diversity. #1 believed that there is no diversity of
BSA systems, on the contrary “We need more BSA schemes, for example, Middle
East unique environmental priorities are not well addressed by the top rating systems,
as LEED and BREEAM”.

Regarding organisation-related challenges as lack of knowledge, lack of resources and
resistive culture, interviewees gave mixed feedback. For example, #3 argued that
“Practitioners do not know how to use BIM data, and only small percentage of BIM
data is currently utilised in practice”, but #4 believed that practitioners are gaining
knowledge fast, “Today is not the same as 5 years back, and it is a matter of time till
practitioners get mature dealing with BIM and its different applications”.

Conceptual Framework

Thematic Coding (TC) is a research analytical method for systematically identifying
insights into patterns of themes across a set of qualitative data as interview transcripts
(Clarke et al.,, 2015). It was proven to be convenient for investigating people’s views
and opinions (Kvale and Brinkmann, 2009). There are different approaches to TC,
one of them is the distinction between inductive and deductive, where an inductive
allows the data to determine the themes, while a deductive approach investigates the
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data with a group of predetermined themes (Fereday and Muir-Cochrane, 2006). This
study adopts a hybrid approach of inductive and deductive. The study was initially
based on 10 themes of challenges (Table 1), concluded from existing literature, in
addition to exploring new themes. All 6 interviews were recorded and transcribed for
an accurate study and easier TC. Transcripts were read carefully, to label all phrases
addressing ideas relevant to the aim of the study. Labelled phrases were categorised
under the existing 10 themes, while unclassified new themes are presented in (Table
6).

Table 6: New Themes identified across Experts Interviews

Int# Highlighted Phrase Codes | New Themes | Category
#1 “Unlike theory, in practice, the integration and | Integration Lack of Project-
coordination between different design teams, which integration related

is crucial for both BIM and BSA, is a serious hurdle”

#2 | “In practice, there is a lack of clear purpose for using Purpose Lack of Project-

BIM and BSA, they are mostly used for attracting purpose. related
clients rather than actually supporting sustainability”

#3 “BSA rating score is perceived by practitioners as | Operation Project Project-
the endpoint, however it should be the starting point Phase Phases related
of the building life cycle, where BIM and BSA shall Application

play their major role”

#4 “When using BIM for sustainability purposes, new | Operation Project Project-

trends as Digital Twins, Collecting Sensors and Phase, Phases related

Internet of Things (IoT) shall be considered, the Digital | Application
adoption of these technologies allows an efficient| Twin, Big
utilisation of BIM for sustainability” | Data, [oT

#5 “Use of BIM and BSA has to be driven by | Governme Lack of | Regulatory
governments via mandates and incentives, which are nt Driver Driver
not available today in the Middle East” | Incentives

The third column shows the keywords (Codes) identified within each highlighted
phrase, while the fourth shows the new theme name proposed by authors, and the fifth
shows the proposed category. In addition to BIM, BSA and Organisation challenges,
two new categories are introduced: Project-related and Regulatory Drivers.

Like the triangle proposed by Lu ef al., (2017), Figure 4 presents a conceptual
framework in a Pentagon shape, compiling the wisdom of both theory and practice
into five major areas. Three are Theory-based, elicited from literature, and validated
by experts (denoted in Grey), and two are Practice-based added by the investigations
and findings within this paper (denoted in Black). According to the findings of this
paper, addressing those five areas signified the satisfaction of both theoretical and
practical reported challenges. On the other hand, the precedence of addressing some
challenges over others can be also guided by Figure 5, which presents the
development flow of the weight and significance of each challenge theme over the
different research stages.

CONCLUSION

This paper aims to build upon previous research work investigating the integration of
BIM and BSA, by incorporating the practical factor, attempting to provide a collective
wisdom of theory and practice. A survey targeting 200 of industry practitioners, in
addition to interviews with 6 professional experts in the field were conducted and
analysed. A slight deviation between the results of the survey and interviews, can be
construed as an impact of the difference in experience and knowledge between the
participants in each method. The study was based on 3 main themes of challenges
facing BIM-based BSA: 1) BIM-related, 2) BSA-related and 3) Organisational-
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related. The ten challenges were ranked based on the survey findings. Lack of
knowledge and resources, in addition to technology and data exchange limitations,
were ranked the highest of all challenges.

However, interviewed experts showed more interest in the Level of information (LOI)
and BIM libraries. Coordination and collaboration were seen as the top BIM benefits
by practitioners, while sustainability came last. Few qualitative insights were
uncovered through the conducted interviews, such as 1) the application of Digital
Twins and IoT within the building operation phase as potential areas for enhancing the
integration of BIM and BSA; and 2) the use of ISO 7817 as a guide for establishing a
level of information need for sustainability assessments.

Figure 5: Priority of Challenges Themes
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Finally, a framework is introduced, demonstrating five major areas for future research
and development to achieve an effective enhancement of BIM-based BSA. Study
limitations include geographical restriction, where all participants are based in the
Middle East; Size constraints, where the number of interviewees (6) and survey
respondents (50) might be arguably small; and finally, the subjectivity of the thematic
coding, which quite relies on the authors judgement. Future work might address these
limitations through extending the research to other areas of the world, expanding the
number of study participants, and using different research methods.
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