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Abstract. Instead of looking into new building, this study shifted the focus to existing buildings
considering the area has been less explored although the amount of energy released during the
phase has significant influence towards sustainability impacts. Deriving from the situation, the
purpose of this paper is to explore the potential of bridging BIM and the four-steps approach of
Life Cycle Sustainability Assessment (LCSA) as an assisting tool to improve the performances
of existing non-green buildings. To achieve aforementioned aim, an extensive literature review
to identify the nexus between the two areas is done, as well as possibilities and challenges
surfaced pertaining to the idea. Literature review process consists of several approaches
including literature searching, classifying, and analysis were conducted. Based on literature
review, a research gap is identified, and an initial conceptual framework is developed. The
framework entails several areas of research that highlight on integrating LCSA approach,
sustainability indicators and BIM functions. Apart from that, several implementation
considerations to integrate both areas have been identified too. The conceptual framework
presented in this study will serve as a basis to further develop an implementation framework that
integrates BIM and LCSA to greening existing buildings. The final implementation framework
is expected to assist project stakeholders including project manager (or facility manager),
building owner, and consultants in making decision towards improving existing buildings’
sustainable performance.

Keywords: Building Information Modelling (BIM), Life Cycle Sustainability Assessment
(LCSA), sustainability, greening existing buildings, green BIM

1. Introduction

Nearly 39% of all carbon emissions released in the world has been contributed by buildings and
construction sector [1] making it one of the prominent contributors to worldwide carbon (CO2) emissions
and global warming [2-4]. Of this percentage, 28% is from operational emissions and the remaining
11% is from materials and construction [5]. The sector significantly impacted the environment due to
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its long life expectancy and involvement of various kinds of resources (energy and water) and generated
waste throughout its life cycle [4, 6]. Researchers have found that existing non-green buildings were
considered as part of significant contributors to worldwide CO emission which indirectly is responsible
to global warming phenomenon, with approximately 30% in total contribution [7].

Hence, to achieve wider sustainability objectives, several researchers [8, 9] highlight the need to
transform the existing buildings by means of retrofitting or refurbishment. The concept was then defined
as ‘greening existing buildings’ where the term ‘greening’ is used to explain the perception of integrating
sustainability strategies into existing buildings through refurbishment works. These energy reduction
strategy are believed to be an effective sustainable tool in tackling large carbon emissions and its climatic
changes effect in the future [7]. This is in line with the United Nation’s Global Alliance for Buildings
and Constructions (GABC) key priorities roadmap that include strategies to improve existing buildings
energy efficiency level through refurbishment.

Considering Life Cycle Assessment (LCA) as the most recognised approach [10-13] to assess
building lifecycles environmental impacts, the adoption of the tool to assist project stakeholders in
deciding between several sustainability alternatives during refurbishment work has been increasing.
However, to ensure the decision-making process comprehensively encompass all triple pillars of
sustainability (i.e., environmental, social, and economic), this research incorporates Life Cycle
Sustainability Assessment (LCSA) that goes beyond the traditional LCA.

Apart from that, with the emergence of technology and digitalisation as well as recognition of
Building Information Modelling (BIM) as a construction digitalisation tool, it shows potential as a tool
to support complex decision-making processes through the integration of workflows and information
[11]. In this context, BIM has a huge capability to automate LCSA. With growing interest in LCSA as
a sustainability approach and BIM as digitalisation tool in construction and building sector, this study
aims to explore the potential of bridging these two emerging areas: BIM and LCSA for greening the
existing buildings.

2. Methodology
The research began with an extensive literature review following the methods based on [14]. Three
major steps involved include (1) literature searching, selection, and classifying, (2) analysis, and (3)
discussion on identified gaps. A literature search was conducted from several databases, including
Scopus and Web of Science, and through Google search engine. Two types of literature were considered
throughout the processes that are peer-reviewed and grey published literature. The search was set to
English language and restricted to papers published between 2013 to 2020 to access studies done for the
last eight years under these keywords:

“BIM” or “Building Information Modelling” AND “Life Cycle Sustainability Assessment” or

“Life Cycle Sustainability Analysis” or “LCSA”,

Or,

“BIM” or “Building Information Modelling” AND “Life Cycle Assessment” or “LCA”, “Life

Cycle Costing” or “LCC”, and “Social Life Cycle Assessment” or “SLCA” or “s-LCA”.

Following the searching phase, related literature was selected manually. Any duplicate literature

found from different databases were removed from the list. Selected literature was analysed and
classified according to research dimensions and sub-topics. Several classifications include BIM group,
LCSA group, and BIM-lifecycles integration group. Analysis and discussion of findings from the
literature were used to derive and conclude study gaps. Accordingly, a conceptual framework is
developed. The framework illustrates the broad idea of the study, emphasising the integration of two
areas: BIM and LCSA. Also, the framework introduces supporting variables for the integration that are
sustainability indicators and BIM supporting functions. Figure 1 depicts the overall processes and
outcomes expected from the literature review conducted for this study.
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Figure 1. Research processes and outcomes (adapted from [14])

3. Review of Literature

3.1. BIM for Greening Existing Building

Findings from literature have proven that numerous functions of BIM may be used to support various
sustainability analysis of building performances [15-22]. Among critical sustainability functions
supported include analysing building orientation, massing and envelope analysis during design stage
[16-18], energy performance modelling and analysis including renewable energy measures such as solar
analysis and prediction [16-20, 22] and sustainable materials selection and performance analysis which
will eventually enable LCA to be performed [16, 18-21].

Apart from that, [22] highlighted the ability of BIM to support various facets of green building life
cycles too. [23] beforehand, classified various sustainability criteria into several BIM functions. Among
major BIM functions identified include scheduling, visualisation, calculation, and clash detection.
Similarly, [24] analysed various BIM supporting functions commonly diffused in the construction
industry from various past literatures. Aside from similar functions previously mentioned by [23], some
additional functions are facility space planning and logistics (simulation), analysis (constructability,
energy, and structural), and data management. Data management encompass several functions such as
BIM ability to produce shop-drawing, material management, tracking and delivery, stakeholder
management, facility management, and project turnover and close-out [24].

This concurs with findings from [25] that indicate BIM has significantly been proven to be impactful
and providing benefits towards various stages of construction project lifecycle. Consequently, with rapid
development of research on BIM implementation throughout overall project lifecycle, there has been
growing interest in the applicability of BIM towards the later stages of project, particularly on the
operational (usage) stage. [26] mention that in recent years, research has started to shift their focus from
earlier life cycle stages to potentially using BIM during post-occupancy period including building
maintenance, refurbishment, deconstruction, and end-of-life [26-29]. According to [22], BIM
applications is considered as able to assist decision-maker with various feasible decisions when
addressing sustainability issues during refurbishment phase.
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Previous studies [30-34] has also revealed that there is a strong relation on the potential of BIM to
improve the quality and functionality of existing building [30] towards achieving zero energy building
at cost-optimal levels. BIM has been identified as playing a vital role in determining and analysing
energy consumption of existing buildings, particularly during energy audit phase [32] which therefore
is able to precisely predict buildings’ energy performance, creating models, and comparing between
alternatives available [31]. Besides, [34] also mention that data acquired from the BIM model may be
transferred to cost estimating software to foresee and calculate the cost involved to greening the building.
This has led to an opportunity for the integration of BIM as an innovative tool to achieve sustainability
objectives of building through improvement on existing structure [31].

3.2. Life Cycle Sustainability Assessment (LCSA) Approach

In attempts to integrate sustainability in the whole life cycles of a building, the concept of life cycle
sustainability assessment (LCSA) was introduced by Kloepffer in 2008. It was first brought to attention
when UNEP/SETAC Life Cycle Initiatives was discussed to extend the initial scope of LCA (that only
focuses on environmental) to include the whole sustainability assessment [35].

LCSA was then further explored by other researchers [36-42] over the past few years and had been
recognised as one of the rising approaches that systematically integrate environment, economy, and
social dimensions. The approach evaluates the negative impacts as well as benefits of the development
throughout its whole life cycle based on the three aforementioned dimensions [36, 40, 41]. To further
elaborate LCSA, [43] expressed the concept based on the following equation:

LCSA = LCA [Environment] + LCC [Economic] + S-LCA [Social]

LCSA principally encircle all aformentioned triple techniques [38, 40, 41, 43], one representing
different pillars of sustainability [44] throughout the decision-making process. [43] initially proposed
two options when conducting LCSA, either (1) to conduct all three life cycle assessments separately, or
(2) to perform new LCA that integrates LCC and S-LCA as part of new impact categories during LCIA
stage. However, the author further clarifies that the second option actually is not compatible with LCA
definition provided by ISO 14044. The standard clearly defines that LCA should address the
environmental aspects and not to include economic or social aspects of a product or project. In 2012,
UNEP/SETAC released a specific guideline on LCSA and clearly highlighted the framework of
conducting LCSA adopted from LCA framework as it is the only tool recognised by ISO 14044 to date
[36]. According to the guideline, LCSA should also consist of four steps namely (i) LCSA scope and
goal definition, (ii) LCSA inventory assessment, (iii) impact assessment, and (iv) LCSA interpretation
[40].

3.3. BIM and LCSA Integration: Previous Studies and Gaps

As shown in Table 1, numerous studies were done on the integration of BIM with lifecycle tools
especially LCA. Previously, [45, 46] looked into BIM-LCA integration by suggesting a methodology to
connect BIM model with LCA processes using an external database that consists of materials’
environmental data. [46] finally proposed two possible approaches for integration. The first approach
was ‘direct access to the BIM model information to calculate LCA performance’ while the later one was
‘environmental properties included in the BIM objects’ [46, 47]. Meanwhile, [48] reviewed the
simplified LCA approach which aims at reducing CO? emissions during early design phase. BIM-LCA
integration model proposed by [48] eventually follows the essential steps of LCA namely input, analysis,
and solution as defined by [49].

On the other hand, [50] indicated how BIM might reduce the effort in carrying out LCA. The authors
[50] developed an integrated BIM-LCA approach for the whole building process using an established
four-step workflow. The study relied on environmental indicators derived from existing Swiss LCA
databases and cost-planning structures for cost estimation purposes. The developed methodology
enables decision-making assistance at both building and element levels for every building phase
including their related Levels of Development (LOD). [51] then explored the potential of integrating
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BIM and LCA, using specific pre-identified sustainability criteria derived from a Building Sustainability
Assessment (BSA) method namely SBTool. The integration between BIM, LCA and BSA eventually
enhanced the decision-making procedure by providing better results evaluation and interpretation.

As for BIM integration with LCC or economic sustainability assessment, [52] highlighted the lack
of available existing literature regarding the matters. Few authors [53-56] previously published a
framework on BIM related to economic assessment. For instance, [56] proposed a framework that
integrates BIM and rating system (LEED) to select sustainable building materials based on LCC
calculations. Meanwhile, [53] presented a framework to effectively assist decision-makers in designing
a sustainable building at early stage through integration of BIM functionality and LCC. In a different
study, [55] developed a BIM-based framework to search for the best sustainable building design
improvement based on a trade-off between LCC and life cycle carbon emissions. Similarly, [54]
developed a framework to identify the most optimal design with minimum LCC during the design stage.
BIM was used as a simulation tool to model the selection design and analyse total energy consumption.

For the moment, for social assessment integration with BIM, there has been little discussion
available. [57] presented BIM model integrated with only LCA and LCC putting aside social assessment.
According to [58], there is a lack of tools available in the literature emphasising on cultural and social
aspects of sustainability. [59] pointed out that most of the tools presented were centred on environmental
and economic, leaving out social dimension. Deriving from the gaps, the authors [59] presented a
framework that integrates BIM with sets of indicators for residential buildings’ social assessment.

Apart from looking individually at the three dimensions of sustainability, research to date has tended
to focus on all three at once, adopting the concept of LCSA approach. However, Table 1 shows the
scarce existence of it. Previously, [60] developed a framework that integrates BIM and LCSA to
efficiently design the external envelope of existing buildings. The framework consists of several
iterative steps including designing BIM variables, identifying LCSA criteria and defining efficiency
index through the quantitative method. Optimisation techniques were adopted to calculate the life cycle
efficiency index (LCEI) which was defined by values and costs. The authors highlight the ability of their
framework to support the decision making and design process by selecting the best scenario based on
identifying various life cycle values and costs.

Similarly, [13] presented a methodological framework on BIM-LCSA integration. The authors
proposed three steps workflow to link both LCSA and BIM. The process begins with the development
of BIM model (step 1) to enable project stakeholders to simulate the design with different alternatives
and scenarios, followed by LCSA calculation (step 2) and finally, communication of results (step 3).
Throughout LCSA calculation phase, a unit process approach is proposed with the Triple Bottom Line
(TBL) sustainability database, where data related to environmental, social and economic impacts were
collected. LCSA part, as recommended by the authors [13], eventually follows four common steps as
outlined by UNEP/SETAC.

Table 1. Previous studies on BIM — life cycles integration

Sustainability
Dimension
[45] LCA Environment Framework to connect BIM model with LCA processes using external database
of material’s environmental data

[61] LCA Environment Application of LCA into BIM model to assist decision on environmental impacts
of building materials during design stage

[56] LCC Economic  Integrate BIM with LEED rating system to select sustainable materials based on
LCC calculation

[46] LCA Environment Integrate LCA and BIM to develop sustainable design of building

[53] LCC Economic  Integration of BIM functions and LCC to design sustainable building during

early stage

Ref. Tools Purposes
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[55] LCC & Economic  BIM based framework for best sustainable design improvement based on trade-
Carbon  Environment off between LCC and LCCE

Emissions
[54] LCC Economic  Framework to identify most optimal design with minimum LCC during early
design stage
[59] S-LCA Social Development of social sustainability framework and its responsiveness as BIM

plug-in applications
[48] LCA Environment  Analyse how BIM may contribute in LCA to reduce CO2 emissions during early
design phase

[11] LCA Environment Workflow of using BIM tools to assess and visualise buildings’ elements
embodied impact following LCA approach during early design stage
[57] LCA &  Environment BIM model integrated with LCA and LCC to assist decision-making in early
LCC Economic  design phase of buildings and infrastructure

[60] LCSA Environment Framework that integrates BIM and LCSA to efficiently design external

Economic  envelope of an existing buildings
Social

[13] LCSA Environment Three-steps workflow to integrate BIM and LCSA during early design stages of

Economic  building

Social
[50] LCA &  Environment Four-steps workflow to perform LCA in each building phases integrated with
Cost Economic  existing BIM processes focusing especially on cost estimation
Estimate
[51] LCA &  Environment Discuss relationship between building LCA and BIM method, relying on
SbTool sustainable criteria derived from SBTool
4. Discussion

Based on literature review, several insights to pinpoint include:

a) Referring to various benefits and functions of BIM, there is a strong potential to using BIM as
facilitating tool in improving the sustainability performances of existing buildings yet to be explored.

b) This has been proven by various BIM-life cycles integration studies conducted by previous
researchers. However, far too little attention has been paid to integrate all three critical dimensions
of sustainability (environmental, economic, and social) in one approach using LCSA. Also, most of
the prevailing studies explored implementing BIM-life cycle tool on the design phase of new
buildings leaving existing buildings, particularly the operation phase left behind.

Following the findings from the literature, a conceptual framework to support the study aim is
developed. As shown in Figure 2, the framework comprises three major elements, namely (i) Input, (ii)
Assessment and (iii) Output. The ‘Output’ represents the final aim of this study that is to develop BIM-
LCSA implementation framework as a decision-support tool to improve sustainable performances of an
existing buildings.

To fulfil the output, two critical fundamental inputs required are (1) LCSA approach to be adopted
and (2) BIM application strategies and related uses. Conceptually, LCSA represents the integration of
three sustainability dimensions that are environmental, social, and economic. LCSA four steps
implementation approach is as previously suggested by UNEP/SETAC. This includes defining the
functional unit and boundary of the processes, inventory analysis that involves collecting data pertaining
to existing buildings from BIM model and database and performing LCIA. LCIA consist of conducting
impact assessment based on the triple dimensions of sustainability that represent LCA, LCC, and SLCA
individually. Meanwhile, BIM application strategies include visualisation, analysis, and simulation to
present real-life information to project stakeholders and database management. BIM database
management may be expanded to include clash detection, costing analysis, quantity take-off, manpower
and material schedule.
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The assessment phase involves the integration of BIM uses and their supported functions to facilitate
indicators assessment. Hence, a set of sustainability indicators will be used as guiding parameters. These
indicators were previously collected and compiled from various Green Building Rating Tools (GBRT)
and have gone through series of validation processes to ensure it fits the requirement for existing
buildings. These indicators were grouped according to LCSA approach representing environmental (40
indicators), social (43 indicators), and economic (4 indicators). Details of these indicators were
presented and discussed in [62]. Accordingly, the indicators identified will be evaluated to foresee which
function of BIM may consolidate or fulfil their requirements.

Figure 2. Conceptual framework to bridge BIM and LCSA in greening existing buildings

INPUT ASSESSMENT OUTPUT

Digitalization

Building Information Modelling
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1. Visualization

2. Analysis & Simulation : i
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5. Conclusion

This paper offered an initial step to explore the potential of connecting both BIM and LCSA to
improve existing buildings sustainability performances. Various BIM supporting functions are explored
to help performing sustainability analysis of existing buildings. The proposed sustainability analysis
adopting LCSA four-step approach will be based on a set of pre-identified indicators as parameters.
These indicators will be consolidated into BIM supporting functions to evaluate the sustainability
performances of existing buildings. Several implementation considerations have been discussed too
including availability of pre-existing BIM data on the selected buildings as well as data and information
exchange between BIM and different sustainability performance tools. The conceptual framework
presented is part of ongoing research to establish BIM-LCSA decision-making framework to greening
existing buildings. Hence, in future work, the framework is to be further improved by developing a
detailed framework that includes implementation methodology and steps to be taken to operationalise
the decision-making process among project stakeholders. The final implementation framework is
expected to assist project stakeholders including the project manager (or facility manager), building
owner, and consultants in deciding towards improving existing buildings’ sustainable performance.

As a clarification, the study is limited to the context of using 3D BIM as a primary basis tool engaging
its authoring and application tools only. Considering the scope of study focusing on existing buildings,
hence the as-built BIM model is required to support data extraction required during the process.
Correspondingly, this study does not go deeper into conducting detail methodological processes of
LCSA. The concept and four-step approach of LCSA is adapted to ensure indicators identified
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emphasised all three sustainability dimensions (environmental, economic, and social) during building
evaluation and decision-making process. The boundary set to eradicate the need to further explore in
detail the technical aspects of BIM such as new plug-in development, software used and others.
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