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Abstract 

With the rise of green building projects in the construction industry, questions of risks in 
project implementation have become increasingly prominent. The green building industry 
showcases new design concepts, material applications, innovations in green technologies, 
energy efficiency and carbon dioxide emission reduction. This study adopts the grey cluster 
assessment method for risk evaluation to improve the risk management ability of green 
building projects. Through the theory and method of grey mathematics, the subjective 
assessment of risk factors is transformed into grey quantitative indicators, and the 
uncertainty in the evaluation process is effectively dealt with by combining qualitative and 
quantitative research methods. The green building risk assessment index system is 
established, the relative importance of each risk factor is judged by experts, and the 
contribution of each factor to the overall risk is calculated. Finally, the analysis identifies the 
key risk factors that need to be focused on mitigation and control, and puts forward the 
corresponding risk countermeasures, which provide scientific decision support for the risk 
management of green building projects. The key risk factors in green building projects in 
China are: construction accidents, design errors, inaccurate GB investment estimation, 
absence of site-specific design considerations, designs with poor constructability and the 
quality problems of GB materials. While the least critical risks in GB projects are the 
deterioration of GB materials during the operation and maintenance period, unclear 
responsibility sharing for future upgrades, absence of regular maintenance of equipment 
and innovative equipment for assembling GB products.    
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1. INTRODUCTION   

In the 21st century, green building (GB) as a new trend in the construction industry has 

become an important aspect to promote sustainable development [1]. The construction 

sector in China has made progress in low-carbon, healthy and high-quality development. The 

GB industry is promoting new design concepts, energy efficiency, material applications, 

and technology integration [2]. With the global aim of energy conservation, emission 

reduction, environmentally friendly materials, and a healthy life, as well as the improvement 

of policy support, technological progress and public awareness, the GB industry has entered 

a period of rapid development, and the demand for GB projects will continue to rise [3]. The 

global investment opportunities in GB projects are expected to reach $24.7 trillion by 

2030, with the main potential in Asia [4]. Due to the novel technologies and materials, 

complexity, uncertainty and innovations involved in GB projects, risks can increase 

significantly in the implementation phase of a project. As a result, it can lead to project 

failure, overbudget or delay [5]. For example, 32.3% of GB projects were delayed in 

Singapore, compared to 15.9% of traditional building projects that experienced time overrun 

[6]. From this study, it is concluded that GB projects are more prone to delays compared to 

traditional construction projects. The average delay of GB projects in Singapore was 4.8% 

of the planned schedule. Due to their uniqueness, their development is challenged by various 

risk factors, and the success rate is doubtful. The ensuing economic losses and social 

impacts are profound and hinder the development of the GB industry. According to the 

analysis of several reasons for the failure of GB projects, one of the key reasons for the failure 

is the lack of a comprehensive risk assessment and management approach [7]. The current 

studies show that spending a part of the budget on decision-making for risk management 

will increase the rate of project successful delivery [8]. To avoid the failure of GB projects, 

risk assessment and management capabilities must be enhanced to establish risk mitigation, 

response and control strategies in advance and prevent them from occurring. 

The aims of this paper are: (1) to identify the key risk factors through in-depth analysis 

and assessment of the risks of GB projects in China; (2) to establish a systematic rating 

framework by constructing a comprehensive evaluation index system including main stages, 

key links, and related indicators; and (3) to calculate the grey clustering coefficient of each 

indicator and to reflect the risk contribution of each evaluation index. This study applies the 

grey cluster evaluation method to conduct an in-depth analysis of the risks in GB projects, 

aiming to identify and quantify the specific impact of potential risk factors on the 

implementation of GB projects, so as to provide scientific assessment tools and decision 

support for project management teams. Grey clustering method is a process of aggregating 

objects to be evaluated into several categories based on the grey relational matrix and the 

whitening power function of grey numbers [9]. The coefficients for risk factors can be 

determined by expert evaluation and actual data, and by performing a comprehensive grey 

clustering assessment. Based on the assessment results and risk classification, risk 

management and response measures are proposed to reduce the negative impact on the 

project. The risk assessment of GB projects is particularly complex because it involves 

multiple dimensions such as environmental sustainability, economic benefits, social 

acceptance, policy support and technical feasibility. The importance of risk assessment in 

GB projects is being taken seriously gradually by the industry.         
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2. LITERATURE REVIEW 

In recent years, there has been growing research interest in the risks associated with GB 

projects, and discussion around the topic has increased. To reduce the risks existing in GB 

projects, more reasonable planning and management of projects should be carried out after 

sufficient risk identification. Zhenxiang Shi et al. have adjusted and modified the project 

management methods in the whole project lifecycle based on traditional construction projects 

[10]. To summarise the method suitable for GB project management, the intersection of 

different disciplines should be considered comprehensively in the early establishment of a 

project team. Many developed countries have successively issued GB standards and 

evaluation systems suitable for their respective national conditions, such as LEED developed 

by the United States Green Building Council [11], BREEAM developed by the British Building 

Research Centre [12], and CASBEE established by the Japanese Ministry of Environmental 

Protection [13]. Some countries have developed their national GB standards and 

assessment systems to promote the development of GB and to deepen the understanding 

of the role of green. The project lifecycle includes four stages: planning phase, design, 

construction, and operation and maintenance [14]. The list of risk factors in green building 

projects is provided in Table 1.    

Table 1. The risk factors in GB projects 
Groups Risk factors Reference 
Decision 

making and 
planning 

R11: Inexperienced green building consultants [15, 16] 
R12: Incomplete green building law and regulations [16,17,18] 
R13: Misaligned green building project objectives [5] 

R14: Inaccurate green building investment estimation [5,16,19] 
 
 

Design 
phase 

R21: Poor quality of GB design schemes [16, 20] 
R22: GB design innovations [5,16] 

R23: Designs with poor constructability [19,21] 
R24: Absence of site-specific design considerations [5,22] 

R25: Design changes  [5,16,19] 
R26: Design errors [16,21] 

 
 
 
 
 

Construction 
phase 

R31: Lack of GB construction experience personnel [5,16,17] 
R32: Innovative equipment for assembling GB products [17,19] 

R33: Lack of products meeting GB requirements [16,18] 
R34: Changes in the price of labour [5,19] 

R35: The quality problems of GB materials [5,16,19] 
R36: Changes in the prices of GB materials [5,16,19] 

R37: Construction accidents [5,16,19] 
R38: Delays in material and equipment delivery [16,19] 

R39: Influence of weather on GB materials [16,23] 
R3,10: Lack of suppliers for GB materials [5,24] 

R3,11: Force Majeure [16,24] 
 

Operation 
and 

maintenance 
phase 

R41: Lack of experienced property management  [5,16,25] 
R42: Absence of regular maintenance of equipment [26] 

R43: Unclear responsibility sharing for future upgrades  [27] 
R44: Deterioration of GB materials [27] 

R45: Lack of maintenance of GB materials [5,27] 
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3. METHODOLOGY 

The specific steps of the proposed methodology for risk evaluation in GB projects are 

highlighted in Figure 1. To conduct a reasonable and effective evaluation of GB risks, the first 

step is to identify all risks that are associated with GB projects. The risk identification process 

is carried out through a literature review. The selected risks in GB projects are outlined in 

Table 1. Once the risks are identified, the second step is to establish the risk assessment 

levels. In this case, the risk factors are divided into groups according to which project lifecycle 

phase they belong to. The groups represent a higher level of risk. In the hierarchy, the highest 

level is GB projects. The third is to design a questionnaire. Based on the list of risks identified 

in the literature review, a questionnaire was created for this study. The questionnaire was 

structured into two sections: the first section is the background of respondents, including their 

working experience and education; the second part is to evaluate risk factors. This study uses 

non-probabilistic sampling methods, including purposeful sampling and snowball sampling, 

which can identify the key risks in the construction industry. The questionnaire was distributed 

to construction practitioners, especially those who specialise in GB projects (purposeful 

sampling). Each expert will answer a questionnaire. They will use a Questionnaire Star to 

answer questions. When data is collected, a grey clustering evaluation method is applied 

to calculate grey weights for coefficients. By professional judgments in the risk evaluation 

index system, the evaluation level of each risk in GB projects is calculated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The proposed methodology for identifying the critical risk in GB projects 

Grey clustering method is based on an observation index that can be grouped into several 

categories of definition methods. A clustering process is a collection of observed objects 

which belong to the same class. The evaluation indicator for clustering is a dynamic interval, 

referred to as a grey number, denoted by “⊗”. The whitening weight function can indicate the 

degree of closeness of the evaluated object to the grey number within this dynamic interval. 

In the context of risk evaluation, it is assumed that there are m evaluation objects and n 

evaluation indicators, with s different grey classes. The clustering sample value of the i (i = 1, 

Identification and analysis 
of GB risk 

Establish the risk 
assessment levels of GB  

Design a questionnaire and 
collect data  

Grey clustering evaluation 
and calculation of grey 

weight coefficients 
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2, ..., m) evaluation object concerning j (j = 1, 2, ..., n) indicator is represented as Dij. The 

matrix representation of the evaluation samples is as follows: 

� =  �

��� … ���

… … …
��� … ���

�     (1) 

Grey class (s = 1, 2, ... w) represents the risk levels of the evaluation indicators. The risk 

levels in this paper are categorised as very low risk, low risk, medium risk, high risk, and very 

high risk, corresponding to the "first grey class", "second grey class", ... and "fifth grey class," 

respectively. The risk level sequence number for each grey class is s = 1, 2, ... 5.  

Experts within the dynamic range of grey numbers have different levels of expectation for 

different values of X, which correspond to the numerical values of the grey variable X at 

different levels. The typical expressions and schematic diagrams of the whitening weight 

functions is shown in Figure 2 below： 

 
Figure 2. The example of the typical whitening weight function  

where, f (xij) - the weight of the grey number x, which can be referred to as the whitening 
weight function of x.  

�(�) =  

{
�
�

�
�

0,             � ∉ [��, ��]
����

��� ��
,      � ∈ [��, ��] 

1,             � ∈ [��, ��]
����

��� ��
,      � ∈ [��, ��] 

     (2) 

The risk level of the first grey category is denoted as “very low risk”, and the assigned 

grey number ⊗ 1 Î�[0, 1, 2], where numbers represent the threshold and the range of values 

is between 0 and 2. The whitening weight function is given in equation 3, and the graph for 

this function is illustrated in Figure 3 below: 

 
Figure 3. The whitening weight function for grey cluster number ⊗ 1 
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��(�) =  �

1,        � ∈ [0, 1]
���

���
,      � ∈ [1, 2] 

   0,        � ∉ [0, 2]  

     (3) 

The risk level of the second grey category is denoted as “low risk”, and the assigned grey 

number ⊗ 2 Î�[0, 2, 4]. The whitening weight function is given in equation 4, and the graph 

for this function is illustrated in Figure 4 below: 

 
Figure 4. The whitening weight function for grey cluster number ⊗ 2 

��(�) =  �

�

�
,        � ∈ [0, 2]

���

�
,      � ∈ [2, 4] 

   0,        � ∉ [0, 4]  

     (4) 

Similarly, the risk level of the third grey category is denoted as “moderate risk”, and the 

assigned grey number ⊗ 3 Î�[0, 3, 6]. The whitening weight function is given in equation 5, 

and the graph for this function is illustrated in Figure 5 below: 

 
Figure 5. The whitening weight function for grey cluster number ⊗ 3 

��(�) =  �

�

�
,        � ∈ [0, 3]

���

�
,      � ∈ [3, 6] 

   0,        � ∉ [0, 6]  

     (5) 

 
Similarly, the risk level of the fourth grey category is denoted as “high risk”, and the 

assigned grey number ⊗ 4 Î�[0, 4, 8]. The whitening weight function is given in equation 6, 

and the graph for this function is illustrated in Figure 6 below: 
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Figure 6. The whitening weight function for grey cluster number ⊗ 4 

��(�) =  �

�

�
,        � ∈ [0, 4]

���

�
,      � ∈ [4, 8] 

   0,        � ∉ [0, 8]  

     (6) 

The risk level of the fifth grey category is denoted as “very high risk”, and the assigned 

grey number ⊗ 5 Î�[0, 5, 10]. The whitening weight function is given in equation 7, and the 

graph for this function is illustrated in Figure 7 below: 

 
Figure 7. The whitening weight function for grey cluster number ⊗ 5 

��(�) =  �

�

�
,        � ∈ [0, 5]

����

�
,      � ∈ [5, 10] 

   0,        � ∉ [0, 10]  

     (7) 

The evaluation coefficient for the level s grey class is denoted as ƞij,s and the calculation 

formula is:  

ƞ��,� =  ∑ ��(���,�)�
���       (8) 

where, m – the number of experts  

The sum of all grey classes in the evaluation index is ƞij and it is calculated by the formula: 

ƞ�� =  ∑ �(���,�)�
���       (9) 

The next step is to calculate the grey weight vector for the level s grey class of secondary 

index:  
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���.� =  
ƞ��,�

ƞ��
      (10) 

Then, the weight vector Rij for the j-th risk belonging to i-th group is:  

��� = [���,� , ���,� , ���,� , ���,� , ���,�]     (11) 

The risk evaluation levels are five, and the corresponding numerical values for risk levels 

are: P = [1, 2, 3, 4, 5]. The evaluation grade G for each risk can be calculated as follows:  

 ��� = ��� ∗ ��      (12) 

4. RESULTS AND DISCUSSIONS 

Table 2 provides information about the respondents' educational background, working 

experience and job position in the company. Workers in the GB industry show a variety in 

working experience, job positions and educational backgrounds. In total, 40 professionals in 

the GB industry have participated in a questionnaire survey. More than half of the 

respondents, 62.5% of them, have a college degree. Regarding working experience, 50% of 

them have between 10 and 20 years of working experience in the GB industry. Mainly, 50% 

of them are employed as project engineers in the company. 

Table 2. Respondent’s background 

Educational Background Working experience Job Position 
College degree 25 Less than 5 years 5 Project Manager 6 
Bachelor degree 10 5 – 10 years 7 Civil Engineer 20 
Master degree 5 10 – 15 years 12 Designer 8 
PhD degree 0 15 – 20 years 8 Safety Director 6 
  More than 20 years 8 Other 0 

 

Firstly, the clustering coefficient of each index is calculated. For example, the evaluation 

of risk R11 for the grey grade is calculated:  

Class s = 1:     ƞ��,� =  ∑ ��(���,�)��
��� = ������,�� + ������,�� + ⋯ +  ������,��� =  1.5   

Class s = 2:     ƞ��,� =  ∑ ��(���,�)��
��� = ��(3) +  ��(3.5) + ⋯ + ��(3) = 30.75   

Class s = 3:     ƞ��,� =  ∑ ��(���,�)��
��� = ��(3) +  ��(3.5) + ⋯ + ��(3) = 27.50   

Class s = 4:     ƞ��,� =  ∑ ��(���,�)��
��� = ��(3) + ��(3.5) + ⋯ + ��(3) = 30.25   

Class s = 5:     ƞ��,� =  ∑ ��(���,�)��
��� = ��(3) +  ��(3.5) + ⋯ + ��(3) = 28.5   

The sum of the grey clustering evaluation coefficient ƞ11 and the weight vector R11 is: 

ƞ�� =  ∑ �(���,�)�
��� = 1.5 + 30.75 + 27.5 + 30.25 + 28.5 = 118.5      

��� = ����,� , ���,� , ���,� , ���,� , ���,�� = [0.01, 0.26, 0.23, 0.26, 0.24] 

The evaluation grade for risk R11 is:  

��� = ��� ∗ �� = [0.01, 0.26, 0.23, 0.26, 0.24] ∗ [1, 2, 3, 4, 5]� = 3.46 
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Similarly, the values for each risk are calculated based on this procedure. The results 

are shown in Table 3. The experts have evaluated that the most critical risks in GB projects 

are construction accidents, design errors, inaccurate GB investment estimation, absence 

of site-specific design considerations, designs with poor constructability and the quality 

problems of GB materials. Inaccurate GB investment estimation is ranked the highest 

among the risks in the group decision-making and planning phase. Hence, the accurate 

budget estimation in the planning phase and allocation of resources are important for the 

successful completion of the GB project. In the design phase, three risks appear among 

the critical risks. Site-specific considerations are essential for ensuring that the building is 

well-suited to the environment and can further affect operational efficiency. Poor 

constructability can affect the project timeline and cost as well as the ability to execute the 

design as planned. Design errors can contribute to delays in the project, rework and 

increased cost. Hence, there is a need for thorough design review and quality control. The 

highest-ranked risk is construction accidents from the construction phase. Safety on a 

construction site is essential. Some of the measures are that workers have proper training 

for the GB industry and wear health and safety equipment during their work. For monitoring 

workers and inspecting whether they wear proper equipment, the project manager is 

responsible. 

Table 3. The values for risk factors in GB projects 
Groups Risk factors Value 
Decision 

making and 
planning 

R11: Inexperienced green building consultants 3.46 
R12: Incomplete green building law and regulations 3.13 
R13: Misaligned green building project objectives 3.16 

R14: Inaccurate green building investment estimation 4.10 
 
 

Design 
phase 

R21: Poor quality of GB design schemes 3.39 
R22: GB design innovations 3.46 

R23: Designs with poor constructability 3.84 
R24: Absence of site-specific design considerations 4.07 

R25: Design changes  3.80 
R26: Design errors 4.41 

 
 
 
 
 

Construction 
phase 

R31: Lack of GB construction experience personnel 3.39 
R32: Innovative equipment for assembling GB products 2.84 

R33: Lack of products meeting GB requirements 3.48 
R34: Changes in the price of labour 3.29 

R35: The quality problems of GB materials 3.84 
R36: Changes in the prices of GB materials 3.36 

R37: Construction accidents 4.44 
R38: Delays in material and equipment delivery 3.58 

R39: Influence of weather on GB materials 2.92 
R3,10: Lack of suppliers for GB materials 3.82 

R3,11: Force Majeure 3.55 
Operation 

and 
maintenance 

phase 

R41: Lack of experienced property management  3.80 
R42: Absence of regular maintenance of equipment 2.84 

R43: Unclear responsibility sharing for future upgrades  2.74 
R44: Deterioration of GB materials 2.74 

R45: Lack of maintenance of GB materials 3.43 
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On the other hand, the least critical risks are the deterioration of GB materials during 

the operation and maintenance period, unclear responsibility sharing for future upgrades, 

absence of regular maintenance of equipment and innovative equipment for assembling 

GB products. These risks are mainly in the operation and maintenance phase. 

5. CONCLUSIONS  

In this study, the grey cluster assessment method is used to assess and manage the risks 

in GB projects. Initially, a combination of literature review analysis and survey methods is 

employed to identify potential risk factors that could impact the results of the project lifecycle, 

followed by the development of a corresponding risk assessment structure. Finally, this study 

applies the grey comprehensive assessment method to explore in depth and assess every 

risk in GB projects and detect the most critical risks. This study shows that the most critical 

risks are: construction accidents, design errors, inaccurate GB investment estimation, 

absence of site-specific design considerations, designs with poor constructability and the 

quality problems of GB materials. Half of these risks belong to the design phase. Hence, the 

design phase is a critical phase, and additional attention needs to be paid in the design phase. 

At the same time, the research also puts forward the corresponding risk mitigation measures 

and ideas, aiming to provide scientific decision support for the risk management of GB 

projects. On the other hand, the least critical risks in GB projects are the deterioration of GB 

materials during the operation and maintenance period, unclear responsibility sharing for 

future upgrades, absence of regular maintenance of equipment and innovative equipment 

for assembling GB products. The findings show that the maintenance and operation phase 

is the least critical phase. The future direction is to implement the combinations of different 

methods and the grey cluster method to assess the risks in GB projects and the overall risk 

of a project. Further.    
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