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A B S T R A C T

Although a large number of studies on Building Information Modeling (BIM) have been conducted in the past
decade, a lack of consensus remains among researchers and practitioners regarding the applications of BIM for
the development of green buildings, the activity of making buildings in a way that protects the natural en-
vironment. As the usefulness of BIM has been widely recognized in the building and construction industry, there
is an urgent need to establish an up-to-date synthesis on the nexus between BIM and green buildings. After an in-
depth review of hundreds of journal articles published from 1999 to 2016 and 12 widely used types of BIM
software, this study provides a holistic understanding and critical reflection on the nexus between BIM and green
buildings, which is systematically illustrated by a “Green BIM Triangle” taxonomy. The proposed taxonomy
indicates that the nexus between BIM and green buildings needs to be understood based on three dimensions,
namely project phases, green attributes and BIM attributes. Following the proposed taxonomy, this paper sys-
tematically illustrated 1) the applications of BIM in supporting the design, construction, operation, and retro-
fitting processes of green buildings; 2) the various functions of BIM for green building analyses such as energy,
emissions, and ventilation analysis; 3) the applications of BIM in supporting green building assessments (GBA);
and 4) research gaps and future research directions in this area. Through critical review and synthesis of BIM and
green buildings based on evidence from both academic research and industrial practices, this paper provides
important guidance for building researchers and practitioners to better align BIM development with green
building development in the future.

1. Introduction

The building and construction industry has been driven to adopt
green building strategies in light of increasing sustainability concerns
such as reducing CO2 emission and energy dependency on fossil fuels
[1,123,124]. As a revolutionary technology and process, Building In-
formation Modeling (BIM) has been regarded by many as a significant
opportunity in the architecture, engineering and construction (AEC)
industry. BIM emerged as a solution to facilitate the integration and
management of information throughout the building life cycle [11],
thereby providing an opportunity for making the best use of the
available design data for sustainable design and performance analysis
[2]. As BIM and green building both continuously gain momentum,
growing AEC firms are embarking on green BIM practices [121]. An
online survey conducted by McGraw-Hill Construction investigated a
wide range of industry professionals who use BIM tools for delivering
green buildings, showing that BIM could significantly facilitate green
construction and it is expected to be extensively used in the future if

relevant challenges could be identified and effectively tackled. Since
1999, when the concepts and technologies related to BIM application
were first discussed [1], continuous efforts have been made in exploring
the possibility of BIM in facilitating the development of green buildings.
Various functions of BIM have been studied, such as energy perfor-
mance simulation, lighting analysis, and construction and demolition
waste analysis. Different management aspects associated with BIM
adoption have been highlighted, such as its economic benefits and or-
ganizational challenges [2–8]. A number of BIM applications have been
proposed and developed to seamlessly integrate sustainability analysis
into traditional design, construction, and operation processes.

Although BIM has been advocated for its potential to support green
building development in the past decades, few systematic literature
review was conducted to delineate the state-of-the-art development of
the connections between BIM and sustainable building development
based on both academic research and industrial practices [6,9]. Wong
and Zhou [11], for instance, presented an important review of the
academic research efforts in BIM and green buildings, but paid less
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attention to systemically comparing the various BIM applications for
green buildings in the industry. A number of important research ques-
tions concerning the BIM-supported green building development re-
main unexplored, such as (1) the benefit and additional value of using
BIM in green buildings throughout the project lifecycle; (2) the func-
tions that BIM software provides for a specific type of sustainability
analysis; (3) the potential of BIM applications to support green building
assessments (GBA) frameworks; and (4) the gaps between industry
development and academic research in the application of BIM for green
buildings.

In order to address the above-mentioned research questions, this
study conducts a critical review on the nexus between BIM and green
buildings based on both academic research and industrial practices.
Specifically, over 500 journal articles from 28 key AEC journals pub-
lished (1999–2016), as well as 12 commonly used types of available
BIM software were critically reviewed. By examining the reviewed ar-
ticles and BIM software based on a stringent four-step taxonomy pro-
cess, this study proposes a “Green BIM Triangle” taxonomy to cate-
gorize current efforts connecting BIM and green buildings through three
dimensions, namely project phases, green attributes and BIM attributes
[12]. The taxonomy provides a useful tool for researchers and practi-
tioners to understand the current body of knowledge and helps to sti-
mulate future research.

The structure of the study is organized as follows. Section 2 dis-
cusses the research design of this study. Section 3 illustrates the pro-
posed “Green BIM Triangle” taxonomy in detail, discussing the lifecycle
of green projects supported by BIM, the latest BIM analytical functions
for addressing various green aspects, and BIM-supported GBA. Section 4
identifies the gap of knowledge and future research directions, with
Section 5 concluding this article.

2. Research methodology

Connecting BIM and green buildings is the concept of “green BIM”,
which has been explored by previous studies based on several relevant
concepts such as green buildings [13], sustainable design [14], and
sustainable construction [15]. Wong and Zhou [11] summarized the
previous research on green BIM and defined green BIM as “a model-
based process of generating and managing coordinated and consistent
building data during its project lifecycle that enhance building energy-
efficiency performance, and facilitate the accomplishment of estab-
lished sustainability goals”. To describe the scope and characters of BIM
applications for green buildings, this study follows this definition of
green BIM, which provides the key criteria for the selection of academic
articles and practical BIM software. The selected academic articles and
BIM software were examined based on a four-step classification and
review process, the result of which is the “Green BIM Triangle” tax-
onomy. Fig. 1 illustrates the research procedure of this study.

2.1. Selection of academic publications

The selection process of academic publications in this study draws
on the methodology adopted in other review articles, such as
[144,145]. The commonly adopted literature selection processes in
review articles include several steps, namely defining the used litera-
ture database and search rules, preliminary search and double-check
screening (literature filtration). To make the review results dependable
and rigorous, many review articles in the construction field only review
literature published in peer-reviewed academic journals with high re-
putation in the field, which are deemed to be of higher quality than
conference papers. In accordance with this principal, this study only
reviews journal articles on green BIM. Then, a process similar to
[144,145] was adopted to conduct preliminary search and literature
filtration, thereby identifying the articles most relevant to green BIM.
This process involves reading the titles and abstracts of the articles first
to exclude the apparently irrelevant articles, and then reading the

whole articles to assess whether they directly analyze green BIM. The
detailed procedures are as follows.

Step 1: Select target journals. In order to acquire all possible papers
pertaining to BIM and green buildings, this study adopted three
criteria to select the journals for academic review. (1) The journal is
included in the Science Citation Index (SCI)-Expanded database or
Engineering Index (EI) Compendex database. (2) The journal is re-
cognized or encouraged by two world-recognized international as-
sociations for civil engineering and built environment, namely the
American Society of Civil Engineers (ASCE) that is dominated by
American researchers, and the International Council for Research
and Innovation in Building and Construction (CIB) dominated by
European scholars. And (3) the journal has an important impact and
prominent position in the research community of either BIM and
sustainability or building and construction industry. Based on the
above criteria, 28 widely acknowledged peer-reviewed journals
were identified as target journals for paper selection, as shown in
Table 1.
Step 2: Perform a search on BIM-related studies. This step aimed to
screen all BIM-related articles by using the search keywords of
“Building Information Modeling” or “Building Information Model”
or “BIM”. To determine the eligibility and level of relevance of the
article, all articles published in the above 28 journals from 1999 to
2016 were searched for the keywords via specific domains, such as
“title”, “keywords” or “abstract”. By manually selecting articles
specifically related to BIM, a total of 550 BIM-related articles were
identified in this step.
Step 3: Identify the BIM application on green buildings based on the
definition of green BIM. In this step, 92 papers pertinent to green
buildings in the pre-identified BIM-related studies were rigorously
reviewed, while the remaining articles were partially reviewed as
supporting records. The distribution of the 92 articles in the 28
journals is shown in Table 1. It is worth mentioning that this study
mainly investigates the converging points between BIM and green
buildings, so overwhelming studies that only emphasize on either
one of the topics were referred only when needed.

2.2. Selection of BIM software used in AEC industry

In addition to academic studies, this study also reviews current BIM
software and applications that are developed to improve the sustain-
ability performance of buildings throughout their lifecycle phases. To
this end, based on the definition of green BIM, 12 types of popular BIM
software specifically designed and developed to address green and
sustainable building issues were selected from the BIM Tools Matrix, the
industry-shared knowledge compiled by BIM Forum [16]. Table 2 pre-
sents an overview of the 12 types of BIM software.

It is important to note that there is no single satisfactory definition
of BIM [125]. An extensively referred definition is provided by Succar,
B. [128], who defined BIM as “a set of interacting policies, processes
and technologies producing a methodology to manage the essential
building design and project data in digital format throughout the
building's life-cycle.” This definition reveals that BIM is a methodology
comprised of interacting processes and technologies, serving for the
entire life cycle of buildings from architectural design to facility man-
agement, demolition and refurbishment of buildings. Various BIM ap-
plications exist, with some emphasizing the aspect of architectural de-
sign while others may focus on sustainability analysis. Based on a
systematic review of the literature, a structured questionnaire survey,
action learning, focus group discussions and email surveys, Abanda
et al. [126] provide one of the most holistic reviews of BIM applica-
tions, listing 122 BIM software systems including BIM systems for ar-
chitecture such as Vectorworks, for structural engineering such as Tekla
Structures and Robot Structural Analysis; for building service such as
Revit MEP and MagiCAD, for project management such as Synchro,
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