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A B S T R A C T

Building green for sustainability cannot be over-emphasised, considering the current environmental crises. Green 
buildings minimise environmental degradation and reduce consumption of depletable resources while providing 
maximum occupancy satisfaction. Despite the numerous studies of risk assessment in Green Building Con
struction Projects (GBCPs), limited attention has been given to methodologies that enable risk evaluation from 
the projects’ inception to the end of their service life. Secondly, the existing methods do not consider the 
accumulated knowledge and experience obtained from previous risk assessment models. Finally, existing studies 
fail to provide a detailed description of each risk, as they only list them, leading to ambiguity in the practical 
sense. A scientometric analysis was performed to reveal the current research trend of risk identification in GBCPs. 
This study systematically reviewed relevant literature from the last two decades until the end of 2024 to collate 
the most influential risks associated with GBCPs. From the systematic literature review, a total of forty-two (42) 
risks were identified and defined clearly before further grouping them into nine (9) mutually exclusive categories 
to ease targeted assessments. The knowledge-based approach was proposed for identifying and evaluating the 
risks due to its unique nature of enabling long-term analysis by tapping into the accumulated knowledge and 
experience from previous evaluation models. The knowledge-based approach emphasises establishing a strong 
foundation involving risk scope definition, identification, analysis, response planning, execution, and monitoring 
and control as a feedback system supporting risk evaluation throughout the service life of the project. After the 
analysis, it was found that the risk evaluation studies in GBCPs need to create assessment models that consider 
the post-construction variables and the accumulated knowledge of previous evaluations. Secondly, a clear 
description of each risk eases its categorisation for tailor-targeted assessment. The current limitations include 
limited collaboration between developing and developed countries and a scarcity of empirical research in 
developing nations. The study proposes future research opportunities in green building risk studies to promote 
research growth, highlights the need for holistic risk management frameworks, and fosters sustainable con
struction practices globally.
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1. Introduction

Green building design is an environmentally responsible and 
resource-efficient practice toward achieving enhanced occupancy well- 
being, resource circularity, clean energy utilization, and general sus
tainability throughout the project’s life cycle (Ding et al., 2018; Dwaikat 
and Ali, 2016; Solaimanian, 2025). The green building construction 
concept may be applied to minimise construction and demolition waste, 
as conventional methods generate more waste and increase environ
mental pollution over the building’s lifetime (Li et al., 2016; Sol
aimanian, 2025; Yeheyis et al., 2013). For instance, traditional 
construction contributes to approximately 35 % of global waste gener
ation, while green practices have been shown to reduce waste by up to 
50 % during construction phases (World Green Building Council, 2022).

Numerous benefits have been highlighted in green building prac
tices, including 30–50 % energy savings and 20–30 % water conserva
tion during operation (Guan et al., 2020; Zhao et al., 2018). 
Additionally, green buildings enhance productivity, comfort, and over
all occupancy satisfaction by up to 15 % (Devine and Kok, 2015; Hal
icioglu and Gurel, 2024). They are also known for promoting 
biodiversity (Amani, 2025; Wuni et al., 2019). These benefits cover 
social, economic, and environmental aspects of the environment 
(Iwuanyanwu et al., 2024). Green buildings embracing digital green 
value co-creation behaviour enable stakeholders to collaboratively share 
resources and innovate, which in turn optimizes energy efficiency, re
duces environmental impacts, and enhances overall sustainable perfor
mance (Yin and Zhao, 2024a). In light of this, sustainable construction is 
considered from different angles, including minimizing the utilization of 
depletable materials, reducing degradation, and eliminating soil and 
land pollution (Dalirazar and Sabzi, 2022; Jaradat et al., 2024). Green

Despite the enumerated benefits, Green Building Construction Pro
jects (GBCPs) face risks that cannot be overlooked (Komurlu et al., 
2024), highlighting the pressing need to identify and develop tools to 
tackle them (Liu et al., 2024) efficiently. However, the importance of 
risk management in GBCPs and the overall development status in this 
area have not been adequately studied despite their critical role in 
ensuring the successful implementation of sustainable practices 
(Komurlu et al., 2024). Considering the risk of cost overruns, for 
instance, studies reveal that over 40 % of green building projects face 
delays and cost overruns due to unaddressed risks (Devine and Kok, 
2015). Regarding regional analysis, 55 % of construction projects and 
65 % of public construction projects have been recorded to experience 
cost overruns in Malaysia and Jordan, respectively (Dong et al., 2025). 
The most critical issue concerning cost overruns and delays in this field 
is their prevalence in both developed and developing economies 
(Abdelalim et al., 2025).

Generally, the construction industry is rife with unlimited un
certainties, creating barriers, challenges, and risks (Alamdari et al., 
2023a; Okudan et al., 2021). As a result, managing the risks is a critical 
component undertaken during the construction process, and it tran
scends all the phases of the project, from planning to operation stages. 
Poor risk management inherently leads to undesirable project perfor
mance (Khodabakhshian et al., 2024). Since GBCPs are constantly 
gaining significant interest in the efforts to meet sustainable develop
ment goals (SDGs) and support sustainable construction (Abdulmaksoud 
and Beheiry, 2023; Adabre et al., 2021), risk management in GBCPs is 
more highlighted than ever. Therefore, effective risk management is 
essential for ensuring the success of green building construction projects 
through proactively identifying risks and developing responsive 
strategies.

The primary sources of risks in GBCPs change dynamically regularly. 
Incorporating innovative approaches and technologies, eco-friendly 
materials, and complicated designs in GBCPs introduces new risks 
(Hwang et al., 2017a; Yin and Zhao, 2024a). Similarly, the introduction 
of new standards and regulations for governing green building designs 
generates additional risks due to policy deficiencies and untested 

concepts. In addition to the typical risks to which the construction in
dustry is prone, such as cost overruns, schedule delays, and quality is
sues, GBCPs encounter risks unique to their sustainable nature 
(Alamdari et al., 2023a; El-Sayegh et al., 2021). For instance, adopting 
sustainable-entrenched technologies in GBCPs introduces complexities 
in projects, increasing the risk of delays and budget overruns 
(Arogundade et al., 2024; Okoye et al., 2022). GBCPs also face signifi
cant risks from material logistics, as a sustainable material supply chain 
involves higher upfront costs, face supply chain limitations, and quality 
control concerns, posing financial and procurement risks (Gounder 
et al., 2023; Nguyen and Macchion, 2023).

Furthermore, GBCPs require professionals with specialised knowl
edge, experience, and expertise (Coskun et al., 2023). The scarcity of 
professionals with this expertise makes the projects prone to technical 
risks and risks relating to implementation and quality control (Alamdari 
et al., 2023a). Inadequate understanding or implementation of specific 
sustainability standards and regulations adds another layer of risk that 
can cause inadvertent non-compliance and potential legal and reputa
tional consequences (Gurgun et al., 2016). Sustainable construction is 
not free from legislative roadblocks, awareness hindrances, and eco
nomic barriers (Gan et al., 2015; Komurlu et al., 2024), affecting the 
design, construction, and operation phases of the project. Similarly, lack 
of government incentives and enforcement and slow cultural transitions 
hinder the implementation of green building practices (Arogundade 
et al., 2024; Singh et al., 2023a; Yin and Zhao, 2024b). The elements 
discussed are some of the sources of the risks associated with GBCPs.

The risks involved in GBCPs have caused mixed feelings among in
vestors and developers who are primarily concerned with the return on 
investment of their projects. Researchers and construction professionals 
must identify the most effective ways of tackling the risks and collabo
rate to promote investors’ interest in these projects (Dalirazar and Sabzi, 
2022). Moreover, governments have significant roles in facilitating the 
transition from conventional building designs to green practices (Singh 
et al., 2023a; Yin and Zhao, 2024b). Some governments have taken 
notable steps to promote green building projects, such as the Ten Point 
Plan for a Green Industrial Revolution in the UK, the Development of 
Building Energy Efficiency and Green Building in China, and the Green 
Transition of Slovenia (IEA, 2024). Government policies are effective 
because they are the principal authorities overseeing any country’s 
lawmaking and enforcement.

Research on risks in GBCPs has observed heightened attention from 
academia and construction practitioners (Ahmad et al., 2019), giving 
opportunities for empirical applications. However, the studies remain 
limited due to the emergence of significant records of new risks with 
time, threatening the success of the existing risk identification and 
mitigation strategies (Nguyen and Macchion, 2023). The 
thought-provoking questions emanated from critically reviewing the 
existing research papers on risk management in GBCPs warranted this 
systematic review to identify and define risks related to GBCPs and 
devise approaches to assess them effectively.

Considering previous systematic reviews identifying risks associated 
with GBCPs, Elseknidy et al. (2025) provided a comprehensive list of 
risk categories that did not capture environmental, performance, oper
ational, and planning risks. Zhao et al. (2016) identified several risk 
factors in the literature; however, they left out risks involving schedule, 
legal, regulatory, communication and awareness, and environmental 
risks. Building upon the previously mentioned, Wuni et al. (2023) the
orised the multidimensional influence of risk in green building projects 
with a comprehensive categorisation of risk. While a profound work, it 
did not describe in detail the meaning of each risk or examine the 
collaboration among developing and developed countries. Similarly, in 
the same timeframe, Nguyen and Macchion (2023) compiled various 
risks identified from the literature in a phase-dependent manner, 
providing an easy way to keep a record of the risks at each construction 
phase. However, it did not consider schedule and planning risk in its 
categories, limiting the potential to tackle the threats associated with 
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this important task influencing the cost and success of the project.
Furthermore, Maqbool et al. (2023) provided a qualitative approach 

to assessing risks associated with GBCPs and establishing the relation
ships of how they influence each other. Though a great qualitative work, 
it failed to provide a thematic grouping of the risks or describe each risk 
in detail. In addition to this, this work focused only on projects located in 
the UK. Singh et al. (2023a) identified and assessed the barriers hin
dering the adoption of blockchain technology in green building projects 
by conducting surveys and systematic reviews. Though an excellent 
work, the work did not define what each risk represents, and it was also 
focused only on the adoption of blockchain technology. Recently, Wang 
et al. (2024) conducted bibliometric and systematic reviews on risks 
involved with green building projects to evaluate the methods used for 
their identification and assessments. However, it did not provide a 
detailed description of each risk and also did not cover the risks asso
ciated with scheduling and delays.

None of the aforementioned reviews clearly defined any of the risks 
they have identified, which raises uncertainty about what exactly a 
particular risk means and why it may be grouped with another risk. 
Table 1 presents the previous reviews on green and sustainable building 
risk assessments, the review methods, contributions, and the limitations 
leading to the establishment of our research gaps (see Table 2).

This review has identified two major research gaps in the current 
literature: 1) The limited cross-country research in the field, causing 
geographically focused outcomes (Adeniyi et al., 2025; Arogundade 
et al., 2024; El-Sayegh et al., 2021; Maqbool et al., 2023; Okoye et al., 
2022; Rodriguez et al., 2024; Wimalarathna, 2023) rather than 
providing generalisable insights, and 2) The lack of adoption of risk 
identification and assessment strategies that extend beyond the con
struction stage of GBCPs and utilises the accumulated knowledge of 
previous risk evaluation models (Yin and Yu, 2022). Consequently, this 
work systematically identifies and assesses risks in GBCPs from a global 
perspective, intending to enhance the effectiveness of integrated risk 
assessment methods and consequently structuring effective risk man
agement strategies for project management. In doing so, this review 
paper aims to answer the following research question. 

i. What are the key outlets, authors, and collaborative sources in 
GBCPs’ research?

ii. How can each risk be described in detail to facilitate grouping for 
effective management in GBCPs?

iii. What risk identification and assessment method will provide a 
long-term risk evaluation that is relevant from the inception to 
post-construction of GBCPs?

While the above works contributed significantly to the existing body 
of knowledge in their ways, they have limitations in various aspects, as 
pointed out above. Moreover, the reason for the need to continuously 
study and accumulate the risks associated with GCBPs is presupposed by 
the constant rise of interest in adopting green practices. The novelty of 
this research is demonstrated in identifying and compiling forty-two 
(42) comprehensive risks in GBCPs from the literature, defining them, 
and categorising them into nine major groups based on the primary 
factors affecting the projects’ success. Among the categories are the 
schedule and planning risks and performance and operational risks, 
which were not collectively covered in similar research works. Secondly, 
a scientometric analysis revealed an isolated inter-collaboration level 
between low-income and high-income countries, whereby intra- 
collaboration within the same economic level is high but cross- 
economic collaboration is very low. Finally, the knowledge-based 
approach is proposed with detailed steps for assessing risks in GBCPs.

2. Scientometric analysis

Studying published works quantitatively to unearth relevant patterns 
that shed light on existing research trends is helpful, as it provides ample 

Table 1 
Previous risk identification methods, contributions, and limitations.

Authors Methods Contribution What’s missing

This study Scientometric, 
systematic, and 
Knowledge-based 
approach

•Extend the risk 
assessment framework 
to six steps instead of 
the often-used three 
steps. 
•The knowledge-based 
framework enables risk 
assessment from the 
planning to the end of 
the project’s service 
life. 
•Thematic risk 
categorisation 
•Comprehensive risk 
description 
•Scientometric 
analysis

–

Wang et al. 
(2024)

Survey, 
systematic, and 
bibliometric

•Bibliometric analysis 
•Content analysis 
•Thematic risk 
categorisation

•Lack risk 
descriptions 
•No consideration 
of risk monitoring 
during the 
operation

Nguyen and 
Macchion 
(2023)

Systematic review •Limited thematic risk 
categorisation 
•Bibliometric analysis 
•Content analysis

•Lack risk 
descriptions 
•No consideration 
of risk monitoring 
during the 
operation

Maqbool 
et al. 
(2023)

Surveys, 
interviews, and 
systematic review

•Content analysis 
•A qualitative measure 
of sustainable practice 
barriers

•Lack risk 
descriptions 
•No consideration 
of risk monitoring 
during the 
operation 
•No thematic risk 
categorisation

Singh et al. 
(2023a)

Survey, systematic 
review, and 
quantitative 
analysis

•Roadmap for tackling 
blockchain adoption in 
sustainable 
construction 
•Thematic risk 
categorisation 
•Quantitative and 
statistical analysis of 
risk categories

•Lack risk 
descriptions 
•No consideration 
of risk monitoring 
during the 
operation 
•Focused on only 
blockchain 
technology 
adoption

Wuni et al. 
(2023)

Systematic review, 
bibliometric 
review, and Pareto 
analysis

•Comprehensive risk 
analyses 
•Qualitative indicators 
for risk influences 
•Identified the most 
vital risks with Pareto 
analysis

•No consideration 
of risk monitoring 
during the 
operation

Li et al. 
(2022)

Scientometric 
review

•Macro-level visual 
analysis of 
stakeholder-related 
green building risks.

•Lack of 
comprehensive 
assessment of the 
risk 
•No consideration 
of risk monitoring 
during the 
operation

Chen et al. 
(2022)

Bibliometric and 
systematic reviews 
and surveys.

•Thematic risk 
categorisation 
•Qualitative 
measurement of risk 
influences

•Lack of risk 
assessment criteria 
•Lack of risk 
descriptions

Darko and 
Chan 
(2017)

Systematic review •Identification of the 
general risks in green 
buildings

•Lack of risk 
assessment criteria
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resources to guide future research opportunities (Chen, 2013). Here, the 
research fields and evolutions are investigated through the lenses of 
different indexes (Taiwo et al., 2023). This research used the VOSviewer 
software to investigate journal contributions, co-word analysis, 
co-authorship by country, and co-authorship networks. On the other 
hand, the CiteSpace software was used for co-citation timeline, 
co-occurrence, citation burst, and institutional collaboration analyses. 
Although both VOSviewer and CiteSpace offer some overlapping func
tionalities, they complement each other through their unique strengths. 
VOSviewer excels in generating clear, intuitive visualizations of biblio
metric networks and is particularly effective for co-word analysis and 
visualizing co-authorship relationships at the country level, offering an 
accessible approach to understanding the structure of academic net
works (Arruda et al., 2022). In contrast, CiteSpace is well-suited for 
more complex analyses, such as co-citation timelines, citation bursts, 
and the detection of emerging trends, providing insights into the tem
poral evolution of research and institutional collaborations (Chen, 
2014). By combining both tools, this study achieved a more compre
hensive exploration of the research landscape, capturing both static 
network structures and dynamic, time-based research trends. This 
approach allowed for a nuanced understanding of the field’s develop
ment and the identification of future research opportunities.

2.1. Search string and material retrieval

A bibliometric search is the primary way to retrieve the records of 
relevant publications for the Scientometric analysis (Chiang et al., 
2023). The keywords, databases, and publication years were carefully 
selected to ensure the most useful documents were obtained for the 
required analyses. The search strings, sources, inclusion and exclusion 
criteria, and filtering techniques adopted are discussed in the next 
subsection.

2.1.1. Sources and initial inclusion criteria
The search for relevant literature was conducted in the Scopus 

database due to its compilation of other databases such as Science 
Direct, Emerald Insight, and Springer Link (Szalkowski and Johansen, 
2023). Secondly, it is known for its extensive coverage of green building 
articles, serving as one of the most comprehensive databases in this field 
(Wuni et al., 2019). The search was limited to formal research literature 
published in English from 1993 to the present, as there was no recency 
limit set. Moreover, to increase the focus and relevancy of the results to 
our research objectives, the subject area inclusion was limited to Engi
neering and Business, Management, and Accounting. The following 
structured steps were followed to compile the relevant documents for 
the review. 

1. Keyword searching: this step involves using specific words and 
phrases that encapsulate the main concepts related to risk studies in 
green construction. This search was done using the search string 
without filters, i.e., (“green construction” OR “sustainable con
struction” OR “green building” OR “eco-friendly materials” AND 
“risks” OR “barriers” OR “challenges” OR “practices” OR “certifica
tions”). This step yielded 6878 records.

2. Application of search filters: the initial search yielded 6878 doc
uments, which included many irrelevant articles to the specific ob
jectives of this research. Therefore, an advanced refinement was 
necessary to select the most appropriate papers given the substantial 
volume of data collected. Table 1 shows the search parameters and 
filters applied to retrieve the documents in Scopus search, reducing 
the retrieved documents to 4054. Here, only documents related to 
engineering were included, given the field’s relevance and that it has 
already produced more than 4000 records. We also considered only 
research articles, conference papers, and review journal and con
ference papers due to the need to maintain reliability.

3. Scanning through titles, abstracts, and keywords: Despite 
applying filters, the refined outcome still comprised many irrelevant 
studies. A detailed examination of the retrieved studies’ titles and 
abstracts was conducted to address this shortcoming. This rapid 
screening procedure identified 165 studies with potential relevance.

4. Snowballing: Forward and backward snowballing techniques were 
employed to expand the sample size and ensure comprehensive 
coverage of the research articles pertinent to the study, as the results 
retrieved by the search string may not always be perfect (Taiwo 
et al., 2023). Twenty (20) more relevant articles emerged from the 
snowballing to be included in the final database for analysis.

5. Finalising the database: The selection of 185 publications for sci
entometric analysis was based on a systematic search process and 
specific inclusion criteria designed to ensure relevance and quality. 
The publications were chosen for their alignment with the study’s 
objectives, covering key topics and trends in green building risk 
management from 2002 to the end of 2024. This curated selection 
reflects the scope and focus of the research, ensuring that only the 
most pertinent and influential works were included. By focusing on 
this set of high-quality, relevant publications, the analysis provided 
meaningful insights while avoiding the challenges of analysing an 
excessively large dataset. This approach enabled a thorough exami
nation of the field, capturing both foundational studies and recent 
advancements and facilitating the identification of emerging trends 
and future research directions.

Fig. 1 shows the document retrieval, finalisation, and scientometric 
review process of the study.

2.2. Findings from the scientometric analysis

2.2.1. Publication trend
The number of research articles published annually related to risk 

management in Green Building Construction Projects (GBCPs) has ach
ieved general growth in the last decade. Notably, steady growth was 
witnessed from 2017 onwards, despite a few dips until 2020. This 
phenomenon can be attributed to the formulation of the SDGs in 2015, 
which piqued researchers’ and practitioners’ interest in engaging in 
sustainable construction practices, as sustainable practices were peti
tioned for all industries (Abdulmaksoud and Beheiry, 2023; Adabre 
et al., 2021). The trend shows promising growth in interest in the future, 
as the highest number of publications per year is witnessed in 2024. 
Overall, the findings from the publication trends strongly imply that the 
topic of “Risks in GBCPs” is an emerging issue gaining momentum. Fig. 2
illustrates the number of published documents per year from 2002 to 
2024 to assess the research tendency.

Table 2 
Filters were applied to retrieve the relevant literature.

Search parameter Filter parameter

Language English
Publication time January 1993–2024
Documents 

inclusion
Article, Conference Paper, Conference Review, and Review

Search keywords “green construction” OR “sustainable construction” OR “green 
building” OR “eco-friendly materials” AND “risks” OR 
“barriers” OR “challenges” OR “practices” OR “certifications".

Complete search 
string

(TITLE-ABS-KEY (“green construction”) OR TITLE-ABS-KEY 
(“sustainable construction”) OR TITLE-ABS-KEY (“green 
building”) OR TITLE-ABS-KEY (“eco-friendly materials”) AND 
TITLE-ABS-KEY (risks) OR TITLE-ABS-KEY (barriers) OR 
TITLE-ABS-KEY (challenges) OR TITLE-ABS-KEY (“practices”) 
OR TITLE-ABS-KEY (“certifications”)) AND PUBYEAR >1997 
AND PUBYEAR <2025 AND (LIMIT-TO (DOCTYPE, “ar”) OR 
LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOCTYPE, “re”) 
OR LIMIT-TO (DOCTYPE, “cr”)) AND (LIMIT-TO (SUBJAREA, 
“ENGI”) AND (LIMIT-TO (LANGUAGE, “English”))
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2.2.2. Journal contributions
Analysing the outlets of scholarly articles provides researchers and 

other focused audiences with reliable journals to source relevant con
tent. The prominent journals publishing risk studies in GBCPs are 
identified based on direct citation outcomes of the 185 synthesised pa
pers. As shown in Fig. 3, 27 journals met the criteria, forming a network 
of interconnected coloured clusters and nodes. The clusters distinguish 
between relationships of research disciplines and co-citation frequency. 
The network is also distance-dependent, indicating stronger citation 
links, cohesive citation patterns, and interconnected research themes 
between closely positioned research outlets (Owolabi et al., 2022). The 
node sizes in the clusters show the impact of the research outlet 
compared to the others. For instance, the Journal of Cleaner 

Productions, Smart and Sustainable Built Environment, IOP Conference 
Series: Materials Science and Engineering, and Journal of Engineering, 
Design, and Technology have larger node sizes and exhibit relatively 
larger nodes, signifying their higher impact in research publications 
compared to other outlets. Furthermore, thicker lines between nodes 
demonstrate the strength of citation relationships between those jour
nals. An example is the Journal of Cleaner Production and Architectural 
Engineering and Design Management. These interactions are essential to 
guiding researchers in identifying the best outlets to increase the visi
bility and impact of their works and benefit large audiences.

2.2.3. Co-word analysis
Co-word analysis was performed to study the keyword co-occurrence 

Fig. 1. The methodological framework of the review process.

Fig. 2. Number of annual publications.
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from the selected articles and identify the relationships between con
cepts and the evolution of research topics. The minimum occurrence 
threshold was set to 5, resulting in 29 out of 475 keywords meeting the 
criteria. Similarly, the distance between nodes demonstrates the level of 
closeness (Owolabi et al., 2022). The colour bands indicate unique 
clusters and the years of the emergence of the various clusters. Larger 
node sizes show the frequency of their occurrence and importance. 
“Sustainable development”, “sustainable construction”, “construction 
industry”, and “risk assessment” are the prominent keywords in the 
co-word analysis, as shown in Fig. 4. Thicker links are observed between 
“sustainable development,” “sustainable construction,” and “construc
tion industry,” signifying how closely they are often used despite 
“construction industry” emerging earlier than the other former two. 
Similarly, the phrase “green buildings” is often used with “sustainable 
development” and “risk assessment” with “sustainable construction.” 
These phenomena can be attributed to the growing interest of re
searchers and practitioners in promoting sustainability in the construc
tion industry by engaging in a substantial amount of GBCPs worldwide.

2.2.4. Co-authorship analysis by country
In this subsection, the geographical analysis of the research output is 

explored to establish the most active regions and encourage others to put 
more effort into GBCPs. The thresholds for the number of documents and 
citations from a country were set to 3 and 0, respectively. From 30 
countries whose documents were analysed, 14 met the threshold, and 11 
formed a network connection with four clusters. The node sizes also 
demonstrate the strength in terms of the number of documents and ci
tations a country contributes to GBCP research. South Africa, the United 
Kingdom, and the United States produced larger nodes, denoting their 
significant contributions in the field. Countries form clusters with 
unique colours based on the strength of collaboration, co-citations, or 
similarities in research areas. For instance, South Africa, Nigeria, 
Malaysia, and India are developing countries with a collaborative cluster 
in red, as shown in Fig. 5, even though there are some interactions with 
other countries in different clusters. The clusters can help unearth re
gions that lack collaboration with each other.

2.2.5. Co-authorship networks
Following the country contribution analysis, the individual author 

Fig. 3. Analysis of journal contributions.

Fig. 4. Co-word analysis.
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contributions are studied in this section. The collaborations were map
ped to identify key researchers, research impacts, and dynamics in the 
GBCPs field. Among the 214 captured authors, nine formed the most 
extensive set of connected nodes and two comprehensive clusters in red 
and green, as shown in Fig. 6. The co-authorship social structure can aid 
policymakers and funding institutions in making informed research in
vestments and decisions.

2.2.6. Timeline co-citation map analysis of documents
The co-citation relationships of risks in sustainable construction are 

explored to unveil the advancement of various studies over time. The 
research timeline based on a temporal-linear diagram is presented from 
2015 to 2023, as shown in Fig. 7. Node size represents document 
importance, while proximity indicates high co-citation frequency (Azam 
et al., 2021). Individual studies (in circles) are connected to show cita
tion or thematic relationships. There was a strong research output 
focusing on developing countries or from authors in developing coun
tries during 2013–2018, where it halted and efforts diverted to potential 
barriers, drivers, and strategies in adopting green building technologies 
(GBTs). The coloured clusters inform readers about the evolution of 
research topics and the potential future research dynamics. The most 
prolific papers in terms of co-citation output are those related to GBTs in 
developing countries (Ametepey et al., 2015; Chan et al., 2018) and 

barriers, risks, and potential of adopting GBTs (Akadiri, 2015; E.E. & 
Davies, 2017).

2.2.7. Co-occurrence analysis of keywords
The co-occurrence analysis of keywords provides invaluable insights 

into the evolving landscape of hot research areas, analytical perspec
tives, and research methods in sustainable construction. In this research, 
the analysis was conducted over the period from 2002 to 2024, utilising 
a threshold value of K = 50, YearPerSlice set to “2,” and applying the 
Pathfinder pruning method. The resultant keyword co-occurrence 
network depicts 323 high-frequency keywords interconnected by 1110 
lines, as shown in Fig. 8. Keywords such as “sustainable construction,” 
“sustainable development,” “sustainability,” “risk assessment,” “green 
buildings,” and “risk management” show thicker and denser circles, 
signifying their greater importance and co-occurrence frequencies. The 
font sizes of keywords also indicate their co-occurrence frequencies and 
prominence among the assessed papers, while connections indicate their 
relationships (Chen, 2013). The analysis of the period reveals that 
keywords like “sustainability,” “sustainable construction,” “sustainable 
development,” and “construction industry” have shown enduring pres
ence in the field. Concurrently, recent keywords such as “risks assess
ments,” “multivariant analysis,” “factor analysis,” “building risk,” and 
“systematic literature review” have surfaced, suggesting potential new 

Fig. 5. Co-authorship analysis by country.

Fig. 6. Co-authorship networks of GBCP researchers.
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research directions in the sustainable construction domain. This obser
vation highlights the dynamic nature of the research landscape and in
dicates opportunities for future exploration in sustainable construction 
studies.

2.2.8. Citation bursts analysis
Certain keywords have experienced a boom in appearance in GBCP 

studies over time due to their importance in communicating the relevant 
ideas and objectives of GBCPs and their developments. This phenome
non causes strong citation bursts during their active years, generating 
significant interest levels among researchers. Keywords and phrases like 
“Buildings,” “planning,” and “energy efficiency” have exhibited pro
longed prominence as research hotspots over extended periods. More
over, analysing the emergence strength of keywords reveals that “green 
constructions” (Strength = 2.38), “risks” (Strength = 2.35), “question
naire surveys” (Strength = 1.63), and “risk management” (Strength =
1.26) have shown notable fluctuations in their appearance frequency. 
Fig. 9 shows the citation burst analysis of the top 15 keywords from the 
papers examined, where the red streak indicates the period of citation 
burst (Chen, 2013). In conclusion, the research content and hotspots in 
sustainable construction change over time, reflecting the progress of 
society and external environmental factors. This dynamic nature em
phasises the importance of investigating risks in green buildings as a 

valuable and worthwhile research topic. Challenges related to imple
menting green building concepts are realised to influence current 
research works continuously, as is the environmental economics asso
ciated with GBCPs.

2.2.9. Institutions collaboration
The institutional collaboration network explores the relationships 

among research institutions in a specific field, offering an intuitive 
representation of their collaborations. The analysis covers “2002 to 
2024″ in slices of “2″ years. With a parameter k of “100,” the NodeTypes 
panel displays “Institution.” Fig. 10 shows nodes sized by the number of 
journal papers published by each institution and connections reflecting 
collaboration strength. The Institution collaboration network produced 
116 nodes and 108 connections, resulting in a network density of 
0.0162. It presents a substantial number of research institutions, with 
dense connections among main institutions, implying significant 
collaboration. The University of Johannesburg, The Hong Kong Poly
technic University, and the American University of Sharjah appeared as 
the most prominent institutions in research output in this field. Simi
larly, the former two have the most extensive collaborations on the map. 
Various colour schemes representing nodes and links communicate the 
periods of activity, with most of the research collaborations and outputs 
showing significant recency. This behaviour signifies the continuous 

Fig. 7. Co-citation timeline of documents.

Fig. 8. The network of co-occurrence of keywords.
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interest and research dynamics in GBCPs over the coming years.

3. Key insights and discussions from in-depth literature analysis

3.1. Risk management in green building construction projects

Risk management is inherent to construction processes because it 
cannot be eliminated unless managed. Therefore, it is essential to 
employ the appropriate approaches, strategies, and actions to identify, 
analyse, and respond to the potential risks throughout the project’s 
lifecycle to realise its successful completion within the allocated budget 
and timeline (Alhawari et al., 2012; Koc et al., 2023; Zayed et al., 2008). 
Risk management creates value for all stakeholders, adding economic, 
ecological, and social impacts to the project’s sustainability goals. Thus, 
aside from safeguarding the project against potential losses, it explores 
new opportunities that align with the broader objectives of environ
mental stewardship and social responsibility (Testorelli et al., 2024). 
Risk management in GBCPs can be considered in two broad canopies 
based on the scope of the objectives: overall goals and hierarchical goals. 

The overall goal is to ensure adequate management processes are un
dertaken via risk identification, analysis, response, and monitoring for 
success throughout the lifecycle of the GBCP (Koc et al., 2023). The 
hierarchical goals, on the other hand, separate the output of individual 
risk management components into economic, environmental, and social 
goals for related analysis (Li, 2021). This hierarchical analysis is 
important when corporations and government agencies with significant 
sustainable targets interested in promoting specific sustainable devel
opment goals are involved.

3.2. Categories and detailed descriptions of risks in green building 
construction projects (GBCPs)

The study began with the risks identification process step to prepare 
suitable grounds for successful analyses and discussions. An effective 
risk identification would establish a solid basis to manage risks and ul
timately determine the success of green building construction projects 
(Banaitiene and Banaitis, 2012). A thorough literature review was 
conducted to extract potential risk factors involved with GBCPs. Using 

Fig. 9. A citation analysis of GBCP literature.
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the Scopus database, a total of 185 papers focusing on the analysis of 
risks associated with GBCPs were carefully selected, which provided 
valuable resources in creating the initial list of risk factors. From the 
selected papers, forty-two (42) most influential risk factors were iden
tified and subsequently categorised into nine primary risk categories. 
These categories encompass technical risk, financial risk, material, 
equipment, and technology risk, design risk, schedule and planning risk, 
regulatory and legal risk, communication and awareness risk, perfor
mance and operational risk, and environmental risk.

3.2.1. Technical risks
Technical risks in GBCPs encompass numerous factors dictating the 

product’s quality. They are part of the broader quality and technical 
issues category, forming challenges associated with design, construc
tion, and assessment experiences. These risks are interconnected with 
various stakeholders, including contractors, subcontractors, project 
teams, and material and service providers, whose collective actions are 
required for the success of the projects (Yang et al., 2016). The risks 
could be expertise challenges, material availability, lack of high-end 
technique, unclear owner requirements, vague role allocations 
(Hwang et al., 2017b), and design and construction risks (Yang et al., 
2016). The design and construction phase entails some of the primary 
technical challenges due to the intricacies of the various activities in this 
stage (Al-Bahar and Crandall, 1990; Wang et al., 2004). Table 3 presents 
the identified technical risks associated with GBCPs and their 
definitions.

3.2.2. Financial risks
Green building construction projects frequently require higher initial 

investments compared to traditional building projects owing to speci
alised materials, equipment, and technologies (Gashaw et al., 2023; 
Maqbool et al., 2023). Additional skilled labour and expertise in sus
tainable construction practices are needed for these projects, increasing 
the emergence of financial risks in the industry (Chan et al., 2017; Javed 
et al., 2019; Qin et al., 2016). Moreover, factors such as insufficient 
client funding and resources, inflation, and inaccurate estimation of 
return on investment (ROI) or payback period can further contribute to 
financial risks (De Beer, 2023; Koc et al., 2023). They are also influenced 

by high-cost transportation and storage. (El-Sayegh et al., 2021; Rodri
guez et al., 2024; Wuni et al., 2023). The identified risks under the 
financial category are described in Table 4.

3.2.3. Material, equipment, and technology risks
The availability and choice of environmentally friendly materials are 

critical in green building projects (Gurgun et al., 2018). Similar concerns 
are associated with obtaining and operating green equipment and 
technologies, as a mishap can cause risks associated with materials, 
equipment, and technology, leading to project delays and cost overruns. 
These risks primarily revolve around the shortage, quality, specifica
tions, and performance of the green materials, equipment, and tech
nologies implemented in the GBCPs (Al-Hajj and Hamani, 2011; Alattyih 
et al., 2020; Gurgun et al., 2016; Ismael and Shealy, 2018; Polat et al., 
2017). Material-related risks can be caused by the lack of standardized 
definitions and regulations, varying material quality, long approval 
processes, and the need for special storage facilities (Gounder et al., 
2023). Equipment risks may be due to untested new equipment, lack of 
experience with the equipment, and inherent flaws within the equip
ment itself. The evolution of new technologies, such as BIM (Al-Raqeb 
et al., 2024; aAhmed F Kineber et al., 2023), digital twin (bAhmed 
Farouk Kineber et al., 2023), blockchain (Singh et al., 2023a, 2023b) 
demands constant worker skill upgrades as they inject unfamiliarity into 
the workflow. The individual risks are detailed in Table 4.

3.2.4. Design risks
Design risk in green building construction projects refers to the po

tential challenges and uncertainties related to the design process. It 
encompasses factors such as inaccurate and insufficient design infor
mation, repetitive design alterations, and insufficient incorporation of 
sustainability concepts into the design of green buildings (Nguyen and 
Macchion, 2022; Okoye et al., 2022; Wuni et al., 2023). Insufficient 
innovation, low creativity in green building designs, lack of full assess
ment of the constructability of the designs, and change-resistant cultures 
due to fears and uncertainties are typical factors causing design risks 
(Polat et al., 2017; Waqar et al., 2023; Yin and Zhao, 2024a). The in
dividual risks are detailed in Table 5.

Fig. 10. Influence of institution in GBCPs.
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3.2.5. Schedule and planning risks
Schedule and planning risks provide the basis for determining diffi

culties and matching mitigation measures to enhance the schedule 
performance of projects (M. Li et al., 2017). They are often caused by 
unreasonably tight project schedules, logistic challenges, and labour 
shortages resulting from the limited availability of green materials and 
reliable green subcontractors and the inflation of material prices 
(El-Sayegh et al., 2021; Herath et al., 2023; Szymański, 2017; Yang 
et al., 2016). Delays are prevalent in construction projects, not excluding 
GBCPs (Hwang et al., 2017b). Additionally, inadequate scope definition 
and uncertainties about green building activities significantly contribute 
to schedule and planning risks (Alattyih et al., 2020; Winston, 2010). 
Supply chain management problems and contractual issues also 
complicate these risks (Al-Saffar et al., 2024). The individual description 
of each risk under schedule and planning is detailed in Table 6.

3.2.6. Legal and regulatory risks
A significant number of contractual laws and regulations control 

construction projects. These legal procedures are influenced by the sheer 
quantities of risks involved in the construction industry, as all green 
building projects. Regulations are reasonable due to the existence of 
unforeseen events, such as unexpected inflation of material and services, 
payment defaults, and conflicts of interest (Coskun et al., 2023; Maqbool 
et al., 2023). Conflicts may arise when the standard form construction 
contracts do not adequately address the green building concepts and 

risks. Moreover, too many regulations and laws sometimes emerge from 
governmental bureaucracy, leading to confusion and risks (Adekunle 
et al., 2023; Kasapoğlu, 2018; Qin et al., 2016; Patrick and Couani, 
2012). Labour disputes are another potential source of legal disputes in 
GBCPs (Tao and Xiang-Yuan, 2018). The individual description of each 

Table 3 
List and definition of risks under the technical category.

Category 
of risk

Risk Description Reference

Technical Restricted 
accessibility and 
reliability of green 
building 
subcontractors

It highlights the risk of 
scarcity and unreliable 
performance of 
subcontractors 
specialised in green 
construction, 
potentially causing 
delays, quality issues, 
and disruptions in the 
project.

(El-Sayegh, 2008; 
Hlaing et al., 2008; 
Kartam and 
Kartam, 2001; 
Zhao et al., 2016; 
Zhi, 1995; Zou 
et al., 2007)

Absence of skilled 
and experienced 
project team

It denotes the risk of 
not having a project 
team with sufficient 
expertise and 
experience in GBCPs, 
potentially leading to 
implementation 
challenges, quality 
issues, and 
compromised 
sustainability goals.

(El-Sayegh et al., 
2021; Ismael and 
Shealy, 2018; 
Krechowicz, 2017; 
Ofori-Boadu et al., 
2012; Polat et al., 
2017; Qin et al., 
2016; Zhi, 1995)

Technical 
complexity of 
design and 
construction of 
green buildings

It refers to the risk 
arising from the 
intricate and 
specialised nature of 
designing and 
constructing green 
buildings, which can 
introduce 
complexities, technical 
challenges, and 
potential errors.

(Al-Bahar and 
Crandall, 1990; 
Arogundade et al., 
2024; El-Sayegh, 
2008; Eybpoosh 
et al., 2011; Panthi 
et al., 2009; Wuni 
et al., 2023; Zhao 
et al., 2016; Zhi, 
1995)

Insufficient 
availability of 
suppliers of eco- 
friendly materials 
and products

It refers to the risk of 
insufficient availability 
of suppliers offering 
high-quality green 
materials and 
products, potentially 
impacting the project’s 
procurement process, 
cost, and sustainability 
objectives.

(El-Sayegh et al., 
2021; Lam et al., 
2009; Wuni et al., 
2023)

Table 4 
List and definition of risks under the financial category.

Category 
of risk

Risk Description Reference

Financial Shortage of 
client’s funding 
and resources

Risk of inadequate 
financial resources 
allocated by the 
client, potentially 
limiting the scope, 
quality, and 
effectiveness of green 
building initiatives.

(El-Sayegh et al., 2021; 
Koc et al., 2023; Wuni 
et al., 2023; Zou et al., 
2007)

Inflation and 
price fluctuations 
of green 
construction 
materials and 
labour

Variations in the 
inflation rate will 
cause price changes 
for labourers and 
materials.

(Ahmad et al., 2019; 
El-Sayegh et al., 2021; 
Hwang et al., 2017a, 
2017b; Rafindadi 
et al., 2014; Ranawaka 
and Mallawaarachchi, 
2018; Zhao et al., 
2016)

Additional design 
and construction 
costs of green 
buildings

Risk of increased 
expenses associated 
with incorporating 
sustainable features 
and technologies into 
the design and 
construction process, 
potentially impacting 
the project budget 
and profitability.

(Alattyih et al., 2020; 
Wuni et al., 2023; 
Patrick and Couani, 
2012)

High cost of 
green materials 
and equipment

It refers to the risk of 
elevated expenses for 
procuring 
environmentally 
friendly materials and 
equipment, 
contributing to higher 
construction costs and 
financial strain on the 
project.

(Chan et al., 2017; 
El-Sayegh et al., 2021; 
Hwang et al., 2017a, 
2017b; Hwang and Ng, 
2013; Qin et al., 2016; 
Zhao et al., 2015)

Additional 
expenses of green 
product and 
material 
certification and 
re-evaluation

It refers to the risk of 
additional expenses 
incurred for obtaining 
green certifications or 
conducting re-testing, 
potentially impacting 
the project budget 
and timelines.

(Gashaw et al., 2023; 
Gurgun et al., 2016; 
Koc et al., 2023; Wuni 
et al., 2023)

Incorrect 
projection of 
project return on 
investment (ROI) 
or payback 
period

It refers to the risk of 
inaccurately 
forecasting the 
financial returns and 
payback period of 
green building 
investments, 
potentially leading to 
misaligned 
expectations and 
reduced confidence in 
the project’s 
economic viability.

(Gurgun et al., 2016; 
Hwang et al., 2017b; C. 
Z. Li et al., 2017; 
Menassa, 2011; Qin 
et al., 2016; Ulubeyli 
and Kazanci, 2018)

Lack of market 
demand

It is the risk of 
insufficient market 
interest or demand for 
green buildings, 
potentially impacting 
the project’s 
marketability, sales, 
ROI, and long-term 
viability.

(Ashuri and 
Durmus-pedini, 2010; 
De Beer, 2023; 
Kasapoğlu, 2018; 
Maqbool et al., 2023; 
Okoye et al., 2022)
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risk is detailed in Table 7.

3.2.7. Communication and awareness risks
Communication and awareness risk encompasses the potential for 

ineffective communication, strained stakeholder relationships, unclear 
stakeholder responsibilities, and limited public awareness regarding the 
significance of green building, which can result in diminished project 
performance, conflicts, and disputes (Nguyen and Macchion, 2022, 
2023; Okoye et al., 2022; Wuni et al., 2023). Each risk identified under 
the communication and awareness risks is detailed in Table 8.

3.2.8. Performance and operational risks
Performance and operational risk concern the operation efficiency, 

maintenance, labour productivity, equipment, and technology in green 
building construction projects (Ahmad et al., 2019; Alattyih et al., 2020; 
Wuni et al., 2023). Failure to meet sustainable construction certification 
requirements and incidents during construction significantly contribute 
to performance and operational risk (Adekunle et al., 2023; Krechowicz, 
2017; Qazi et al., 2021). Performance and operational risks may 
emanate from increased equipment cost and faulty equipment issues. 
These risks are also influenced by the level of expertise in operating the 
equipment and executing various tasks within the project (Mokhtar 
Azizi, 2010; Al-Saffar et al., 2024). The failure and lack of tools to 
measure sustainable practices targets like embodied carbon during 
green building construction threaten its success (Cramer, 2023). Each 
risk associated with the performance and operational class is discussed 
in detail in Table 9.

3.2.9. Environmental risks
Environmental risk refers to potential uncertainties related to the 

green building construction site and weather conditions. It encompasses 
factors such as unforeseen adverse site conditions, challenges in land 
acquisition, and the influence of extreme weather events, all of which 
can contribute to environmental risks. Some of these events are un
controllable and emerge from natural occurrences, natural conditions, 
and human-induced events. For instance, earthquakes can trigger 
liquefaction, causing severe environmental risks to green building pro
jects (Afshari et al., 2016; Ahmad et al., 2019; Duong et al., 2023; 

Table 5 
List and definition of risks under the material, equipment, and technology 
category.

Category of 
risk

Risk Description Reference

Material, 
equipment, 
and 
technology

Scarcity and 
insufficiency of 
authorised green 
materials, 
equipment, and 
technologies

It denotes the risk of 
insufficient supply of 
certified green 
materials, 
equipment, and 
technologies, 
potentially causing 
delays, cost overruns, 
or compromises in 
the project’s 
sustainability 
features.

(El-Sayegh et al., 
2021; Hwang 
et al., 2017a; 
Ismael and 
Shealy, 2018; 
Okoye et al., 
2022; Rodriguez 
et al., 2024; 
Patrick and 
Couani, 2012)

Unverified quality 
of new green 
products, materials, 
equipment, and 
technologies

It refers to the risks 
associated with using 
newly introduced or 
innovative green 
products, materials, 
equipment, and 
technologies whose 
performance and 
reliability have not 
been extensively 
validated, potentially 
leading to 
unexpected failures 
or subpar 
performance.

(Alattyih et al., 
2020; Wuni 
et al., 2023)

Inaccurate or 
insufficient green 
specifications of 
new green products, 
materials, 
equipment, and 
technologies

It emphasises the 
potential 
consequences of 
insufficiently 
detailed 
specifications for 
green products, 
materials, 
equipment, and 
technology. Such 
inadequacies may 
lead to mistakes 
during the project 
construction process.

(Al-Hajj and 
Hamani, 2011; 
El-Sayegh et al., 
2021; Gounder 
et al., 2023)

Poor performance 
of green materials, 
equipment, and 
technologies

It indicates the 
potential for green 
materials, 
equipment, and 
technologies to 
underperform, hence 
hindering the 
achievement of 
sustainability 
objectives, 
necessitating 
increased 
maintenance efforts, 
and diminishing the 
overall efficacy of the 
project.

(El-Sayegh et al., 
2021; Gurgun 
et al., 2016; 
Hwang et al., 
2017a)

Table 6 
List and definition of risks under the design category.

Category 
of risk

Risk Description Reference

Design Inaccurate and 
insufficient design 
information

It indicates the risks 
associated with 
deficient or 
erroneous design 
information, 
specifically, the 
absence of necessary 
data or 
requirements, 
resulting in 
additional work and 
construction delays.

(El-Sayegh et al., 2021; 
El-Sayegh, 2008; 
Okoye et al., 2022; Qin 
et al., 2016; Zhao et al., 
2016)

Frequent design 
changes and 
variations

It underlines the 
possible hazards 
associated with 
frequent revisions 
and alterations to 
the green building 
design, which may 
result in 
interruptions, 
escalated expenses, 
and project schedule 
delays.

(Hwang et al., 2017a; 
Ismael and Shealy, 
2018; Nguyen and 
Macchion, 2022; 
Okoye et al., 2022; 
Ranawaka and 
Mallawaarachchi, 
2018; Zhao et al., 
2016)

Insufficient 
incorporation of 
sustainability into 
the green building 
design

Risk of failing to 
fully incorporate 
sustainable design 
principles and 
features into the 
overall design of 
green buildings, 
potentially resulting 
in suboptimal 
performance, missed 
opportunities for 
energy efficiency, 
reduced 
environmental 
benefits, and low 
confidence.

(Alamdari et al., 2023b; 
Wuni et al., 2023)
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Williams and Dair, 2007). The individual risks under the environmental 
category are detailed in Table 10.

3.3. Knowledge-based risk management process in GBCPs

Assessing risks in construction projects is often considered in three 
steps, namely: risk identification, risk assessment, and risk response 
(Zayed et al., 2008), and the same steps have been applied to GBCPs 
(Duong et al., 2023; Li, 2021) (see Table 11). However, studying it from 
the knowledge-based risk management approach may provide a deeper 
understanding of better applications for risk mitigations throughout the 
project’s lifecycle. The knowledge-based risk management approach 
entails the following six primary components: establishing the scope, 
identifying the risk, analysing the risk, planning a response to the risk, 
educating stakeholders about the risk, and ensuring continuous moni
toring of the effects of the risk. It has received success in other areas of 
the construction industry research (Goh &Chong, 2024; Sadeghi 
&Zhang, 2024), including assessing the performance of green buildings 
(Nilashi et al., 2015). This process is summarised in Fig. 11. The next 
subsections discuss each component in detail.

3.3.1. Risk scope establishment
This stage specifies the level of entities and bodies to be considered 

within the concerned group for constructing the full risk coverage. The 
targeted stakeholders, objectives, extent of the risk management activ
ities, duration, and processes are defined in this stage. Establishing the 
scope requires a systematic identification of the physical and operational 
boundaries of the projects and the resources involved (Alhawari et al., 
2012). Further, the operational authorisation limits are delineated to set 
clear lines of authority and decision-making protocols and minimise 
project conflicts, and the responsible support personnel is clearly stated. 
Stakeholders are required to make informed decisions based on the 
essential information about design details, materials, equipment, labour, 
etc., provided under the scope of the risks (Le et al., 2009). The outcome 
of this stage in GBCPs is to ensure that all stakeholders maintain a 
common understanding of the risk management constituents, objectives, 
and parameters within which the risk will be managed. It’s a founda
tional step that sets the stage for all subsequent risk management ac
tivities, such as risk identification, analysis, and response planning.

3.3.2. Risk identification
A well-structured and comprehensive risk identification lays the 

Table 7 
List and definition of risks under the schedule and planning category.

Category of 
risk

Risk Description Reference

Schedule and 
planning

Delays caused by the green 
construction process

It refers to the potential setbacks and extensions in the project 
timeline that may occur.

(Chan et al., 2017; Ismael and Shealy, 2018; Nguyen and 
Macchion, 2022; Okoye et al., 2022; Ranawaka and 
Mallawaarachchi, 2018; Szymański, 2017; Yin et al., 2018)

Unreasonable tight schedule for 
sustainable construction

It denotes the risk of imposing excessively tight deadlines or 
timelines for completing green building projects, potentially 
leading to rushed work, compromised quality, and increased 
safety hazards.

(El-Sayegh et al., 2021; Okoye et al., 2022; Szymański, 2017)

Failure to acquire materials/ 
equipment within the designated 
timeframe/stage

It refers to the risk of experiencing delays or non-availability of 
materials and equipment at the specified time or construction 
phase, potentially causing disruptions, rework, and schedule 
delays.

(Aktas and Ozorhon, 2015; Hwang et al., 2017a, 2017b; 
Krechowicz, 2017; Nguyen et al., 2017; Ranawaka and 
Mallawaarachchi, 2018; Yang et al., 2016)

Poor scope definition and 
unclear allocation of roles in 
sustainable construction

It highlights the risk of inadequate clarity and understanding of 
the project scope and its feasibility and improper assignment of 
responsibilities among stakeholders, leading to confusion, 
inefficiencies, and potential conflicts.

(Alattyih et al., 2020; El-Sayegh et al., 2021; Gurgun et al., 
2016; Okoye et al., 2022; Qin et al., 2016; Yang et al., 2016)

Table 8 
List and definition of risks under legal and regulatory category.

Category of 
risk

Risk Description Reference

Legal and 
regulatory

Intricate approval procedures, codes, 
and regulations for green buildings

It highlights the risk of encountering intricate and time- 
consuming approval processes, building codes, and regulations 
specific to green buildings, potentially causing delays, increased 
costs, and compliance challenges.

(Gurgun et al., 2016; Hwang et al., 2017a; Polat 
et al., 2017; Qin et al., 2016; Zhao et al., 2016; 
Patrick and Couani, 2012)

Change in local regulations/ 
governmental policies

It underlines the risk of experiencing alterations in local 
regulations and governmental policies related to green buildings, 
potentially requiring adjustments, additional compliance efforts, 
and impacts on project feasibility.

(Ahmad et al., 2019; Hwang et al., 2017b; Ismael and 
Shealy, 2018; Tao and Xiang-Yuan, 2018; Yang et al., 
2016; Zhao et al., 2015; Patrick and Couani, 2012)

Evolving procedures and policies for 
green building certification

It refers to the risk of modifications or updates in the procedures 
and policies of sustainable building certifications, potentially 
necessitating adjustments, re-evaluations, and additional efforts 
to meet the revised requirements.

(Bashir et al., 2024; El-Sayegh et al., 2021; Nutter, 
2011; Okoye et al., 2022; Qin et al., 2016)

Inadequate definition of project 
parties’ contractual roles and 
responsibilities

It denotes the risk of unclearly defined contractual obligations 
among project parties, leading to misunderstandings, disputes, 
and potential delays or disruptions in green building projects.

(Coskun et al., 2023; Gurgun et al., 2016, 2018)

Unclear contract clauses and 
conditions for green building

It highlights the risk of uncertain conditions for disputes, claims, 
and litigation resolution in contracts of green building 
construction, resulting in contractual disputes, disagreements, 
and difficulties in ensuring compliance with sustainability 
objectives.

(Gurgun et al., 2016; Qin et al., 2016; Rafindadi 
et al., 2014; Yang et al., 2016; Zhao et al., 2015; 
Patrick and Couani, 2012)

Litigation, legal actions, and 
prosecutions during construction for 
not achieving client expectations

It denotes the risk of legal disputes, lawsuits, or prosecutions 
arising from the failure to meet client expectations in green 
building projects, potentially leading to significant financial and 
reputational consequences.

(Ametepey et al., 2015; Kasapoğlu, 2018; Okoye 
et al., 2022; Qin et al., 2016; Tollin, 2011)
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foundation for subsequent processes and guarantees the effectiveness of 
risk management (Banaitiene &Banaitis, 2012). The risk identification 
phase is crucial for effective risk management as the remaining stages 
depend on it to establish the right call for mitigation. The sources of risk 
and potential consequences must be identified before mitigation pro
cesses can be applied (Al-Bahar and Crandall, 1990; Project Manage
ment Institute, 2021; Wang et al., 2004). Notwithstanding, the risk 
identification process facilitates the project to comprehensively inves
tigate all prospective risk drivers and corresponding impacts, thereby 
minimizing the posed detrimental consequences (Siraj and Fayek, 2019; 
Zayed et al., 2008). The knowledge-based risk management process 

leverages the knowledge and experience from previous lessons, reports, 
and events to provide a reliable expert-based problem-solving platform 
(Alhawari et al., 2012; Herath et al., 2023).

The techniques and tools used to identify risks are diverse. Some 
techniques adopted in risk management research include brainstorming, 
taxonomies, questionnaires, interviews, simulations, SWOT analysis, 

Table 9 
List and definitions of risks under the communication and awareness category.

Category of risk Risk Description Reference

Communication 
and Awareness

Inadequate 
communication, 
collaboration, and 
information 
exchange among 
project team 
members

It refers to the risk of 
ineffective 
communication, 
collaboration, and 
sharing of vital 
information among 
the project team 
members, leading to 
misunderstandings, 
errors, and hindered 
progress in green 
building projects.

(Hwang et al., 
2017b; Le 
et al., 2009; 
Nguyen and 
Macchion, 
2022; 
Shooshtarian 
et al., 2023; 
Tang et al., 
2007; Zhao 
et al., 2016)

Weak connections 
among the client, 
project team, and 
supply chain 
partners

It highlights the risk 
of ineffective 
relationships and 
communication 
channels among 
stakeholders, 
resulting in conflicts, 
delays, compromised 
quality, and increased 
project costs.

(Okoye et al., 
2022; Qin 
et al., 2016; 
Wuni et al., 
2023; Zhao 
et al., 2016; 
Patrick and 
Couani, 2012)

Complex 
stakeholder 
composition and 
requirements

These refer to risks 
emanating from 
challenges, such as 
potential conflicts 
and disagreements 
arising from the 
diverse stakeholders 
involved in green 
building projects, 
each with unique 
objectives and 
demands.

(Alamdari 
et al., 2023b; 
Wuni et al., 
2023)

Ambiguous 
responsibility of 
stakeholders in 
attaining green 
certification

It denotes the risk of 
ambiguity or lack of 
clarity regarding 
stakeholders’ specific 
roles, responsibilities, 
and obligations in 
achieving the green 
certification 
requirements, 
potentially leading to 
confusion, 
inefficiencies, and 
non-compliance with 
the certification 
standards.

(Nguyen and 
Macchion, 
2022; Qin 
et al., 2016)

Insufficient public 
awareness and 
knowledge

It highlights the risk 
of limited awareness 
among the public 
regarding the 
importance of green 
building, potentially 
leading to resistance, 
scepticism, or 
reduced support for 
green building 
initiatives.

(Gashaw et al., 
2023; Ismael 
and Shealy, 
2018; Okoye 
et al., 2022)

Table 10 
List and definitions of risk under the performance and operational category.

Category of 
risk

Risk Description Reference

Performance 
and 
operational

Low labour and 
equipment 
productivity

It refers to the risk of 
decreased efficiency 
and output from 
workers and 
equipment involved 
in green building 
projects, potentially 
leading to project 
delays and increased 
costs.

(Wuni et al., 2023; 
Al-Saffar et al., 
2024)

Lack of adequate 
GB maintenance

It denotes the risk of 
insufficient 
maintenance 
practices for green 
buildings, resulting 
in reduced 
performance, 
increased energy 
consumption, and 
diminished 
sustainability 
benefits over time.

(Ahmad et al., 
2019; Nguyen and 
Macchion, 2022; 
Qin et al., 2016)

Difficulties in 
operating green 
solutions

It highlights the risks 
in effectively 
utilising and 
managing the 
sustainable 
technologies and 
systems implemented 
in green buildings, 
leading to 
suboptimal 
performance and 
limited realisation of 
the intended 
environmental 
benefits.

(Ismael and 
Shealy, 2018; 
Nguyen and 
Macchion, 2022)

Failure to meet 
sustainable 
construction 
certification 
requirements

It refers to the risk of 
not achieving the 
specified criteria and 
standards set by 
green building 
certification 
programs, which may 
result in the loss of 
desired certifications, 
reputational damage, 
and missed 
opportunities for 
demonstrating 
sustainability 
achievements.

(El-Sayegh et al., 
2021; Gurgun 
et al., 2016; Okoye 
et al., 2022; Qazi 
et al., 2021)

Injuries and 
accidents during 
construction

It refers to labour 
injuries resulting 
from excessive 
exertion, contact 
with dangerous 
substances, 
equipment 
malfunctions, and 
certain 
environmental 
incidents such as air, 
water, or soil 
pollution.

(Afshari et al., 
2016; Guan et al., 
2020; Ismael and 
Shealy, 2018; 
Krechowicz, 2017; 
Rafindadi et al., 
2014; Tao and 
Xiang-Yuan, 2018; 
Zhao et al., 2016)
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fault tree analysis, and the Delphi method (Bahamid and Doh, 2017; 
Fang and Marle, 2012; Li, 2021; Rostami, 2016). New risks discovered 
within the ongoing project are easily transferred and applied to future 

projects through the knowledge-based risk management network. The 
output of this stage is a complete documentation of the risks and their 
potential consequences in the GBCP environment.

3.3.3. Risk analysis
Risk analysis involves systematically studying potential threats and 

their impacts (Neto et al., 2021) on the GBCPs. Identified risks are 
converted into units for easy decision-making based on three compo
nents: 1) the probability of risk occurrence, 2) the consequences of the 
risk, and 3) the degree of expected loss from the risks. These ratings are 
obtained from the experience and intuition of stakeholders. The prob
ability of each risk is evaluated while stakeholders take the necessary 
steps to decide which risk should be tackled via qualitative or quanti
tative approaches (Alhawari et al., 2012). Here, decision-making is 
propelled by reusing risk-related knowledge, capturing and codifying 
knowledge, sharing, developing the risk repository, and applying the 
knowledge to enhance the effectiveness of the risk management pro
cesses. The risk analysis stage is essential as it helps reduce biases and 
eliminate redundancies when assessing the risks. Since members may 
inherently rate risks within their expertise higher than other risks, the 
assessment steps are repeated (Becker, 2004; Talet et al., 2018). The 
product of this stage is the risk repository detailing the validity, extent, 
impact, priority, and probability.

3.3.4. Risk response planning
The risk portfolio from the previous stages is implemented to create 

management plans, actions, and judgments (Alhawari et al., 2012). Risk 
response planning is a process supported by a quantitative framework 
that assists designated members in allocating resources effectively to 
manage interdependent risks during GBCPs (Fang et al., 2013). Various 
tools and techniques have been applied to model risk interactions and 
predict the global effects of mitigation actions. Examples are the 
analytical hierarchy process, analytical network process, artificial neu
ral networks, design structure matrix, genetic algorithm, and Monte 
Carlo simulation (Al-Saffar et al., 2024). This stage proposes the suitable 
risk treatment actions required in the subsequent phases of the project’s 
risk management process. Therefore, the proper security control mea
sures must be taken to minimise the probability of the risk occurrence, 
the imminent loss extent, and the repercussions of the risk (Alhawari 
et al., 2012; Becker, 2004; delCaño & dela Cruz, 2002). The planning 
stage presents a platform for brainstorming into all the alternative 
measures members recommend as a course of action (Coskun et al., 
2023). It is necessary to ensure that the stakeholders planning and 
reevaluating the risk response possess experience from similar projects 
to build the recommended strategies on concrete knowledge.

3.3.5. Risk execution
What is the proposed course of action recommended at the risk 

Table 11 
List and definitions of risks under the environmental category.

Category of 
risk

Risk Description Reference

Environmental Inadequate 
investigation of the 
construction site 
and unanticipated 
adverse site 
conditions

It highlights the 
threats of 
insufficient 
evaluation of the 
construction site’s 
qualities and 
obstacles, which can 
result in 
unanticipated 
complications, 
project delays, and 
escalated costs.

(Ahmad et al., 
2019; Nguyen 
and Macchion, 
2022; Qin et al., 
2016; Tao and 
Xiang-Yuan, 
2018; Wuni et al., 
2023)

High demand for 
safeguarding the 
work environment 
at green building 
sites

The potential 
consequences of 
heightened 
requirements aimed 
at guaranteeing a 
secure and healthful 
work atmosphere 
inside green 
building 
construction sites. 
Such measures may 
negatively affect 
project timelines, 
financial outlays, 
and available 
resources.

(Ahmad et al., 
2019; Hwang 
et al., 2017a; 
Nguyen and 
Macchion, 2022; 
Qin et al., 2016; 
Yang et al., 2016)

Uncertainty in land 
acquisition

It refers to the risk of 
encountering 
difficulties or delays 
in acquiring suitable 
land for green 
building projects, 
affecting project 
timelines and 
feasibility.

(Afshari et al., 
2016; Guan et al., 
2020; Williams 
and Dair, 2007)

Variations in 
weather conditions

It denotes the 
potential 
unforeseen or 
severe weather 
conditions 
throughout the 
construction of 
green buildings, 
which can result in 
incidents and 
delays.

(Afshari et al., 
2016; Guan et al., 
2020; Hwang 
et al., 2017a; 
Ismael and 
Shealy, 2018; 
Rafindadi et al., 
2014; Williams 
and Dair, 2007)

Fig. 11. The summary of the risk management process in GBCPs.
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response planning stage? The recommended responses to the imminent 
risks are executed at this stage to mitigate their effects. Primarily, 
project managers can react to risk in four ways. The first is risk avoid
ance, where stakeholders avoid undertaking activities that could lead to 
risk. They thereby adopt a different approach to achieve the needed 
goals and thus eliminate the risk (Becker, 2004; Bundeh et al., 2024; Goh 
&Abdul-Rahman, 2013). The second is risk acceptance, which involves 
maintaining the risk and preparing to deal with its consequences when it 
happens. This method is particularly feasible with low-impact risks, 
resulting in minimum losses (Bai et al., 2024; Becker, 2004). The third is 
risk reduction, which entails implementing risk control measures to 
mitigate the probability of the identified risks or minimise their impact 
when they occur. The last method is risk transfer, where the risk is 
passed on to a third party willing to accept it through a contract (e.g., 
insurance), outsourcing, or hedging (Alhawari et al., 2012; Bai et al., 
2024).

3.3.6. Risk monitoring and control
The risk management system for the GBCP needs a feedback process, 

which is what the risk monitoring stage does. It provides the platform to 
determine the viability of a response strategy and its effectiveness as the 
project progresses. Three essential steps are taken to monitor the risk 
performance at this stage. The risk is observed throughout the project 
lifecycle to recognise changes in its present state and record them in the 
risk profile of the project. Secondly, the effectiveness of the risk control 
measures is assessed periodically, and finally, the risk management 
system is continuously monitored to detect the emergence of futuristic 
risks across its entire lifespan (Alhawari et al., 2012; Becker, 2004; 
Salehi &Fontana, 2025). When the recommended responses prove 
ineffective, the risk will be reanalysed to determine a better way of 
mitigating it. It can also be checked off the list when there is the cer
tainty that its occurrence has become historical and will not reappear. 
However, the records must be maintained for future projects to derive 
inferences. The project must be subjected to risk monitoring throughout 
its lifecycle (Tah &Carr, 2001).

4. Discussion

Properly understanding risks and risk assessment strategies enhances 
green building practices, certification, and insurance evaluation 
(Leskinen et al., 2020). As revealed in this research, the existing risk 
identification models do not define the risks presented to ease inter
pretation (Maqbool et al., 2023; Nguyen and Macchion, 2023; Singh 
et al., 2023a; Wang et al., 2024). However, this study found that the 
detailed description of each risk is a fundamental step towards providing 
focused and preferential treatments via grouping risks into their 
appropriate niches. The presented work enables industries to effectively 
identify the expertise required to perform a specific professional task. 
Thus, who to hire and how to group each department based on their 
expertise and the group of risks they can effectively tackle can 
adequately be guided through the findings established in this work.

Considering the research growth in this field, it is deduced that 
research on green building risks will continue to attract research in the 
coming years. Moreover, this is supported by the emergence of new risk 
groups, such as the scheduling and planning risks and material, equip
ment, and technology risks. Thus, risk management techniques such as 
knowledge-based methods are key to evaluating the emerging risks in 
this field, as they capitalise on the compounded experiences from 
existing attempts. Moreover, unlike other risk management strategies 
that do not account for the post-construction risks, the knowledge-based 
method provides a further step in monitoring and controlling the risks 
throughout the project’s service life. The risk monitoring stage enables 
risk managers to continue documenting observations and new risks 
emerging during the operational life of the project.

4.1. Effects of geographical locations on green building policies

Generalising risk management strategies for GBCPs across all regions 
will be impractical due to varying climatic conditions, resource avail
ability, cultural diversity, and regulatory frameworks. Thus, a number of 
green building assessment systems operate in different regions. These 
include LEED in the US, BREEAM in the UK, Green Mark in Singapore, 
BEAM Plus in Hong Kong, and GBI in Malaysia (Nguyen and Macchion, 
2023). Thus, each of these assessment systems strives to reflect the 
unique environmental conditions, practices, and regulatory landscape of 
their respective geographical locations. For instance, when considering 
performance and operational risks - as categorised in this study- 
BREEAM in the UK focuses its design on insulation and energy con
sumption models on heating efficiency suitable for temperate regions. 
On the contrary, Hong Kong (BEAM Plus) and Singapore (Green Mark) 
prioritise energy efficiency and air-conditioning performance appro
priate for tropical climates (Siva et al., 2017).

Moreover, it is necessary to acknowledge that existing assessment 
frameworks attach different weights to various elements, including en
ergy, water, materials, etc. (Norouzi, 2020). Regions with similar con
ditions can adopt practices from each other or integrate missing 
concepts to tailor-make the suitable approach for their specific condi
tions (Kibert, 2022). Due to these differences, this research explored the 
works on risks involved with GBCPs from different regions across Africa, 
Asia, Australia, Europe, and North America. Through the comprehensive 
description and exclusive categorisation of the various risks, each risk 
can be deeply known and streamlined to promote international collab
orations. The knowledge-based approach emphasises a careful and 
extensive study of the risk management process from planning to the end 
of the service life of the project. The accumulated knowledge allows for 
flexibility within the core frameworks of the assessment systems to 
accommodate local conditions, resources, and practices (Goh and 
Chong, 2024; Nilashi et al., 2015; Sadeghi and Zhang, 2024).

4.2. AI in green building risk identification

Artificial intelligence (AI) plays a significant role in unearthing 
useful facets of research and applications in the architecture, engineer
ing, and construction (AEC) sector (Debrah et al., 2022). This phe
nomenon is observed due to the acquisition of large amounts of data that 
cannot be analysed by statistical methods due to their volumes and 
dimensionality. For instance, long-term commercial building cooling 
data across different weather conditions to provide reliable insights into 
designing automatic optimal building control systems (Liao et al., 2024). 
Similarly, various machine learning models have been implemented to 
assess green buildings in promoting blockchain, robotics, and digital 
twin applications (Debrah et al., 2022). For risk classification and ex
amination in green buildings, Singh et al. (2023b) implemented a deep 
learning approach integrated with PLS-SEM to identify a list of primary 
barriers that influence blockchain adoption for sustainable buildings. 
Waqar et al. (2023) conducted a comprehensive study into the risks 
impeding the ease of adoption of cloud computing in small-scale sus
tainable construction projects. The study identified numerous barriers 
that can be applied to optimising decision-making procedures to achieve 
the long-term operation of cloud computing in sustainable projects.

Text mining techniques and large language models (LLMs) are 
essential for document analysis in retrieving useful corpus for risk 
clustering and construction of green building risk recommendation 
systems. Clustering techniques are efficient machine learning algorithms 
that can easily draw insights and patterns from the text and automati
cally group them based on some similarity indexes (Afoudi et al., 2021). 
Other techniques, such as deep neural networks integrated with support 
vector regression, have been applied to predict uncertainties regarding 
financing and scheduling GBCPs with high accuracies to eliminate the 
problems of cost overruns (Darko et al., 2023). The risks involved with 
construction delays and cost overruns have been predicted with decision 
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trees, artificial neural networks, extreme gradient boosting, and linear 
regression (Khodabakhshian et al., 2024). However, the use of AI, 
especially text mining, LLMs, and recommendation systems, still re
quires further studies, given that risks are best presented as descriptive 
elements.

4.3. Observations, research gaps, and research opportunities

1. From Sections 2.2.4, 2.2.5, and 2.2.9, it is observed that significant 
research output on risk assessments in GBCPs emerges from devel
oping and developed countries alike. This phenomenon indicates the 
widespread interest in green building developments and practices in 
the light of meeting the 2030 sustainable development goals. How
ever, there seems to be a gap between the research output and 
practice in developing countries, as the overconcentration of concept 
theorisation is observed rather than empirical outcomes. Considering 
the establishment of green building standards, even though the 
concept of green building is still in its development stage, the existing 
well-known standards such as LEED (the US), Green Star (Australia), 
BREAM (the UK), BEAM Plus (Hong Kong), and Greenmark 
(Singapore) are primarily from developed nations (Nguyen and 
Macchion, 2023). This circumstance might suggest low funding and 
derive for empirical research relating to green buildings or the 
scarcity of these projects in developing nations. It is important to 
glean knowledge from cross-references using the developed stan
dards, but acknowledging the significant differences between 
various markets, regions, and countries will help customise green 
building standards to suit each location’s practice. Otherwise, there 
will be a high likelihood of the proliferation of theoretical research 
and ideas that might not be entirely accurate and, therefore, become 
obstacles to field applications.

2. A limited cross-country collaboration between developing and 
developed countries is observed throughout the results of the 
reviewed articles. In Fig. 5, it is observed that South Africa is the only 
country to have significant collaboration links with developed na
tions such as Australia, the UK, and the US. Thus, researchers in 
developing countries are seen collaborating separately with each 
other, while developed countries also collaborate exclusively among 
themselves. This behaviour might cause knowledge segregation and 
prevent the open sharing of knowledge, experience, and research 
findings from different markets. Tapping from the challenges and 
solutions experienced by the countries with significant accomplish
ments in managing GBCPs’ risks will provide new markets ample 
time to focus on new risks emanating in the future. A cross-reference 
platform for professionals to share and discuss impending risks 
appearing or existing in the market is also a great place to start and 
promote collaborations.

3. Managing risks for green building construction megaprojects re
quires complex systems to cater to all the challenges in the various 
phases of the project. Even if they are uncommon in the meantime, 
the trend of adopting green construction practices for sustainability 
indicates a significant amount of their proliferation in the future. It is 
incumbent to begin developing strategies to tackle potential risks in 
these projects through careful knowledge transfer. Machine learning 
approaches are developing in this research (Khodabakhshian et al., 
2024) area, but have not reached their full potential due to limited 
and sparse data. Creating an open-source repository for data sharing 
will aid in building reliable machine-learning models for assessing 
risks in GBCPs. Open-access databases provide opportunities to 
develop benchmark models upon which new models can rely to 
become more accurate. Moreover, since qualitative and quantitative 
methods are common among the approaches to assessing risks in 
GBCPs, the evolution of large language models (LLMs) presents great 
opportunities for deriving significant insights into identifying and 
managing risks in this field (Taiwo et al., 2025). In general, machine 
learning has the potential to leverage the available corpus of 

metadata compiled on risk management to automatically learn and 
adapt to different projects given the right context.

The repositories should include diverse categories of data that align 
with the nine risk categories identified in this study. Essential data types 
would encompass project characteristics such as building size, type, 
certification targets, and geographical location, financial data including 
project costs, budget variations, and cost overrun patterns, schedule 
performance records documenting construction timelines and delay in
cidents, environmental performance data covering energy consumption 
and material usage efficiency, technology adoption records detailing 
green technology implementation and equipment performance, anno
tated case studies documenting successful risk mitigation strategies and 
lessons learned, and stakeholder survey data capturing satisfaction 
levels and performance evaluations. When these standardized datasets 
are made available through open-access platforms, they can signifi
cantly aid researchers and practitioners in developing, testing, and 
validating machine learning models for automated risk identification 
and management in GBCPs, enabling cross-project comparisons and the 
development of predictive models that adapt to different geographical 
and regulatory contexts.

4. Cultural risks represent a critical yet underexplored dimension in 
GBCP implementation that can significantly impact project outcomes 
across all phases of the project lifecycle. Cultural understanding be
comes particularly critical when projects involve stakeholders from 
diverse origins and backgrounds, as different cultural frameworks can 
create substantial barriers to effective collaboration and risk manage
ment (Alamdari et al., 2023b). These cultural misalignments manifest in 
several ways that directly affect GBCP success. Communication barriers 
arising from different cultural approaches to directness, feedback de
livery, and conflict resolution can lead to misunderstandings about 
green building requirements, delayed decision-making processes, and 
ineffective risk reporting mechanisms. For instance, misalignment in 
project objectives and risk prioritization among stakeholders like con
tractors and clients from different cultural backgrounds can create 
conflicting expectations about sustainability targets and implementation 
timelines. Cultural differences in hierarchical versus collaborative 
decision-making styles can result in some stakeholders preferring group 
consensus while others practice top-down authority, potentially slowing 
critical decisions about green technology adoption and environmental 
compliance measures. Resistance to change, often rooted in cultural 
conservatism, can limit the adoption of innovative green technologies 
and cause the underutilization of sustainable construction methods, 
particularly in regions where traditional construction practices are 
deeply embedded in cultural identity. Cultural attitudes toward inno
vation and risk-taking directly affect stakeholder willingness to invest in 
unproven green technologies or sustainable materials, with risk-averse 
cultures potentially compromising environmental performance targets. 
Additionally, GBCPs may fail to meet social sustainability objectives in 
cultures where public participation in decision-making is limited, 
reducing community acceptance and support for green building initia
tives. Power distance variations across cultures significantly impact risk 
communication effectiveness, as junior and mid-level managers may 
hesitate to raise concerns about project practices or environmental 
compliance issues in high-power distance cultures, causing delayed 
identification of project risks and subsequent cost overruns. The varying 
emphasis on individual versus collective responsibility also affects 
accountability structures for environmental performance, making it 
challenging to establish clear ownership of sustainability outcomes. 
Despite these significant impacts, cultural risk management in GBCPs 
are often considered only at the technological implementation level 
rather than throughout the entire project lifecycle, though cultural risks 
can emerge as early as the planning and stakeholder engagement phases.
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5. Conclusion

Risk management plays a fundamental role in addressing the chal
lenges associated with green building construction projects (GBCPs). 
This study has highlighted the critical need for systematic approaches to 
identify, forecast, and manage risks to facilitate the industry’s transition 
from conventional to sustainable practices. By conducting a sciento
metric analysis of 185 articles from 2002 to the end of 2024, this 
research has compiled and analysed relevant risk factors associated with 
GBCPs, offering significant contributions to the field.

The study conducted a systematic literature review to identify 42 
well-defined risks. By clearly defining them, it further categorised them 
into nine primary risk groups to promote targeted approach to assessing 
them. The nine (9) groups were: 1) technical, 2) financial, 3) material, 
equipment, and technology, 4) design, 5) schedule and planning, 6) 
legal and regulatory, 7) communication and awareness, 8) performance 
and operational, and 9) environmental risks. These categories ensure 
comprehensive coverage of risks from the planning stage to operation 
and throughout the lifecycle of green buildings. The study clearly 
described each risk to minimise vagueness in identifying any of these 
risks to enable easy targeted grouping and assessment, contributing 
immensely to the existing literature. Secondly, the current trend and 
influencing outlets of research on risks in GBCPs have been identified in 
this study to reveal areas with loopholes that need more attention. It was 
found that there is limited inter-collaboration between developing and 
developing countries but a high intra-collaboration strength within each 
group. Finally, the study proposed a knowledge-based risk management 
framework that emphasises continuous monitoring and feedback, 
addressing limitations in traditional methods that often neglect the 
importance of adaptive risk management over the lifecycle of green 
building projects. This approach equips researchers with the accumu
lated knowledge and experience from previous risk evaluation methods 
to facilitate the risk assessment process.

Despite an increased research output, the adoption of green building 
projects remains limited in developing nations, reflecting the need for 
targeted initiatives. The findings from scientometric analysis show a 
burgeoning interest of building industry researchers and practitioners in 
sustainable practices and green building research. However, the limited 
inter-collaboration between developing and developed countries leaves 
ample opportunities for policymakers and funding agencies to expand 
their objectives when initiating a research project. Strengthening col
laborations between developed and developing regions is essential to 
facilitate knowledge transfer and enhance the global adoption of green 
building practices. Multidisciplinary research should be prioritized and 
supported by funding agencies to develop holistic risk management 
strategies.

Future research in GBCPs should focus on developing adaptive risk 
management frameworks with real-time feedback and monitoring 
mechanisms to address risks throughout a project’s lifecycle. This 
emphasis is important because current risk assessment practices focus 
only on project risks within the construction phase. Regular re- 
evaluation and identification of emerging risks are necessary to 
address evolving challenges, guided by scientometric analyses of in
dustry trends. Practical implementation and case-specific studies are 
vital to bridging the gap between theory and practice, especially in 
developing countries where green building adoption remains limited. 
Additionally, integrating supportive policies and regulations can further 
strengthen risk mitigation efforts and promote sustainable practices.

Despite the contributions of this research to the green building in
dustry, the following limitations are associated with the methodology 
and results. The study did not use any statistical metrics to test the 
validity of the identified risks, as no survey or interview data was 
collected. Incorporating a survey to rate the identified risks using 
techniques such as the Linkert scale would provide sufficient data to 
empirically validate the results and evaluate the risks quantitatively 
with methods such as multi-criteria decision-making techniques or 

structural equation modelling. Discussions from industry practitioners 
will duly enrich the research’s content and make it more pragmatic. 
Also, considering only the engineering field, some useful publications 
from the environmental science and business management domain may 
be ignored. These limitations will be addressed in our future research.
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