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Abstract 

Green retrofit of existing residential communities (GRERC) is critical for upgrading aging 
building stocks, but their true value extends far beyond physical improvements. A 
successful retrofit must simultaneously deliver economic, social, and ecological benefits. 
However, in practice, the value realization is often constrained by a complex network of 
interdependent factors. This study maps these underlying structures. We first extracted a 
preliminary set of variables from existing literature and case studies, validating them 
through survey data. By applying Decision-Making Trial and Evaluation Laboratory 
(DEMATEL) and Interpretive Structural Modeling (ISM) techniques, subsequently, the 
reciprocal influences and the multi-level structural organization within the identified 
system were mapped. Our analysis isolates three foundational drivers: government 
evaluation standards, policy incentives, and ecological awareness. Crucially, these 
elements do more than exert direct pressure—they dictate the systemic transmission 
pathways that enable value realization. To bridge the gap between policy and practice, 
regulators must prioritize making evaluation standards practically actionable. 
Furthermore, scaling GRERC effectively will require redesigning incentive mechanisms 
to attract broader social participation and dramatically improving public access to retrofit 
information. 
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1. Introduction 
China’s sustained economic growth and rapid urbanization have significantly 

increased the total floor area of residential buildings, making this sector a major source of 
national carbon emissions and energy consumption. A considerable proportion of 
residential buildings exhibit poor thermal insulation performance, resulting in substantial 
energy consumption and carbon emissions. As of 2024, close to 40% of China’s existing 
building stock fails to meet energy efficiency standards. A large number of aging 
residential buildings suffer from deficient envelope performance, outdated equipment, 
and inadequate operation and maintenance management, causing building life-cycle 
energy consumption to constitute a persistently high portion of national energy use [1]. 
In 2024, carbon emissions from building operations in China reached 24.7 billion tCO2, 
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with energy consumption of 13.0 billion tce, accounting for 22.1% of national energy-
related carbon emissions and 21.8% of total energy use; nearly 60% of these emissions and 
energy use were attributable to urban and rural residential buildings [2]. The two key 
Chinese government bodies overseeing macroeconomic policy and urban–rural 
development have submitted a proposal, aiming for an increase of over 200 million square 
meters in the floor area of existing building energy retrofits by 2025 compared to 2023 [3]. 
Beyond China, countries worldwide are also vigorously promoting the green retrofitting 
of existing buildings. The United States has formulated a plan to reduce building-related 
emissions by half by 2050 [4]. The EU’s revised Energy Performance of Buildings Directive 
(EPBD, 2024) sets targets for residential buildings: reduce average primary energy use by 
16% by 2030 and 20–22% by 2035 [5]. 

Current energy retrofitting approaches for residential buildings primarily include 
building envelope retrofit [6,7], renewable energy utilization [8–10], and lighting and 
ventilation control [11]. In China, such retrofits are predominantly government-led and 
have achieved notable improvements in functional performance, energy efficiency, and 
environmental quality. However, persistent challenges remain, including limited 
effectiveness, low efficiency, and insufficient benefit realization [12]. These outcomes fall 
short of the goal of neighborhood-scale integrated green retrofit, yet the value of green 
retrofit has not been fully realized. Tetteh et al. [13] noted that the contribution of green 
retrofitting in developing economies remains considerably lower than that in developed 
economies. Conventional performance or benefit evaluation for green retrofit of existing 
residential communities (GRERC) has predominantly focused on cost–benefit 
assessments targeting energy efficiency, emission reduction and resource consumption, 
while largely overlooking significant non-energy benefits [14]. These non-energy benefits 
include improvements in indoor thermal comfort, enhanced quality of the living 
environment, better physical and mental health, and increased life satisfaction and overall 
well-being [15,16]. The value realization of GRERC transcends economic or environmental 
dimension, necessitating an integrated economic-social-environmental framework, with 
complex influencing mechanisms. Identifying the relevant influencing factors and their 
pathways is therefore essential to enhance green retrofit value and promote the refined 
development of green renewal in existing residential communities. 

Existing studies on GRERC mainly focus on renovation willingness [17,18], incentive 
policies [19,20], driving pathways [21], and benefit evaluation [20]. These studies 
emphasize how to effectively promote green retrofit and measure benefits from a single 
dimension. They predominantly focus on the prerequisites for retrofit behaviors and 
external driving forces, tending to adopt “whether retrofitting has been initiated” or 
“whether a single economic or environmental indicator has improved” as evaluation 
criteria. However, they rarely pursue a more profound question—whether retrofit 
projects have truly realized their comprehensive value across multiple dimensions, 
including economic, social, and environmental aspects. Moreover, research on influencing 
factors has largely concentrated on residents’ renovation willingness [22,23], retrofit 
scheme selection [24], and driving pathways [25]. Existing studies on influencing factors 
exhibit a pronounced “process-oriented” tendency, focusing primarily on residents’ 
willingness to retrofit, comparative analysis of technical schemes, and driving 
mechanisms. Although these studies have provided an important foundation for 
understanding retrofit decision-making, their analytical frameworks are essentially 
oriented toward the single objective of facilitating retrofit initiation, failing to extend the 
analytical perspective to the evaluation of value realization following the completion of 
retrofitting. Consequently, there is a lack of systematic theoretical construction and 
empirical exploration regarding whether retrofit investments can be translated into multi-
dimensional, perceptible comprehensive value. Therefore, from the perspective of multi-
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dimensional value realization, systematically identifying and analyzing the influencing 
factors and their interaction mechanisms in the value realization of GRERC constitutes a 
significant research gap in the current academic landscape. 

This study first identifies the key determinants influencing the value realization of 
GRERC. The Decision-Making Trial and Evaluation Laboratory (DEMATEL) and 
Interpretive Structural Modeling (ISM) method is applied to analyze the cause-effect 
linkages and influence pathways among these identified determinants, revealing their 
multi-level structure and interactive mechanisms. This approach overcomes the 
fragmentation often associated with traditional qualitative analysis by identifying core 
factors and influence pathways that affect the multidimensional value realization of green 
retrofit projects. It enables decision-makers to more accurately diagnose root causes and 
optimize implementation priorities, aligning retrofit outcomes with societal needs. 
Ultimately, this promotes the value realization of green retrofit projects, improves the 
efficiency of retrofit funding utilization, enhances residents’ well-being and health, 
reduces building energy-use intensity and carbon emission intensity, and supports the 
achievement of the 2030/2060 goals. 

The subsequent sections of this paper proceed as follows. Section 2 outlines the relevant 
literature on value realization of green retrofit in residential buildings and related 
influencing factors. Section 3 describes the DEMATEL–ISM modeling methodology and 
identifies key determinants. Section 4 applies DEMATEL to evaluate these factors and uses 
ISM to structure them hierarchically and analyze influence pathways to synthesize the 
principal findings, followed by a comprehensive discussion and implication presentation in 
Section 5, and culminates in the overall conclusion of the research in Section 6. 

2. Literature Review 
2.1. Research Status on the Value Realization of GRERC 

Green and sustainable building retrofit has demonstrated significant effectiveness in 
energy conservation and emission reduction, cost savings, and improvement of occupants’ 
health conditions [26]. The value of green retrofit in existing buildings derives from its 
economic, environmental, and social benefits [27,28]. As an integral part of existing 
buildings, GRERC should also pursue coordinated economic–social–environmental value. 
The Sustainable Development Goals (SDGs) issued by the United Nations state the need to 
meet economic development while avoiding compromising the interests of future 
generations. The SDGs encompass three integrated and indivisible dimensions: economic, 
environmental, and social [29]. GRERC is fundamentally congruent with the core tenets of 
sustainable development, necessitating a steadfast commitment to the three bottom lines of 
economic, environmental, and social concerns [30]. 

Accordingly, this study conceptualizes the value of GRERC from the core dimensions 
of coordinated ‘economic–social–ecological’ value. The economic value lies in efficient 
resource and energy utilization, cost savings, and property appreciation [26,31]. The social 
value includes satisfying residents’ demand for a comfortable living environment, 
enhancing well-being and health, and promoting social harmony [26,32,33]. The 
ecological value is reflected in energy conservation and emission reduction, improvement 
of indoor and outdoor water and air environments, and enhancement of residents’ 
ecological awareness [26,31,33–36]. These three dimensions are interrelated and mutually 
reinforcing; the ultimate objective of GRERC is to achieve coordinated public value across 
the economic, social, and ecological dimensions. 

At present, research related to value realization in GRERC mainly focuses on 
economic benefit assessment. With growing global attention to sustainable development 
and the strategic shift towards urban renewal, economic appraisal of the building retrofit 
has become a focal issue internationally [37]. Economic benefit assessments primarily 
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emphasize energy savings [38,39] and integrated grid value [40,41] generated by green 
retrofit. For instance, Han et al. estimated that the optimal retrofit scheme for a residential 
community in Tangshan had a static investment payback period of 13.7 years and was 
assessed as economically viable when a comprehensive evaluation incorporated its long-
term environmental benefits and anticipated policy incentives [39]. In addition, green 
retrofit may generate a green premium, thereby enhancing the market value of residential 
properties [35,42]. 

Overall, studies examining GRERC from a value perspective remain limited. Most 
focus on conceptual definitions of value and economic benefit evaluation, while scant 
regard has been given to value realization from the perspective of coordinated economic–
social–ecological dimensions and the related influencing factors. 

2.2. Factors Influencing the Value Realization of GRERC 

Direct research on factors influencing the value realization of GRERC is limited. 
However, through systematic review and integration of relevant literature under a 
multidimensional economic–social–ecological value realization framework, several key 
influencing factors can be identified. It should be noted that certain factors may 
simultaneously affect multiple value dimensions; the present classification is based on the 
dimension to which each factor is most closely related. 

2.2.1. Influencing Factors Related to Economic Value Realization 

Household wealth fundamentally dictates the depth of energy retrofits. Wealthier 
residents are significantly more likely to fund intensive upgrades, which naturally yields 
steeper energy savings and shorter payback cycles [43,44]. Conversely, a lack of upfront 
capital severely bottlenecks low-income households. This financial friction limits their 
technology choices and shrinks investment scales, directly eroding potential comfort and 
efficiency gains. 

Technical strategy also matters. For instance, data from Northwest China proves that 
synergistic, multi-factor envelope upgrades easily outperform isolated interventions 
regarding both initial costs and long-term financial recovery [45]. To truly drive down 
heating demands and emissions, retrofits must deploy climate-specific packages that 
merge envelope improvements with equipment upgrades and operational tweaks. 
Ultimately, how well these physical measures align with local weather patterns dictates 
the reliability of the economic returns [39]. 

Beyond hardware, project governance heavily influences economic viability. Urban 
retrofits are notorious for stakeholder friction; thus, establishing rational risk-sharing 
frameworks is non-negotiable for capturing value [46]. Success rates spike when 
information flows seamlessly between local governments, property managers, contractors, 
and banks [47]. Post-construction, rigorous operation and maintenance (O&M) protocols 
become the primary engine for cutting ongoing carbon emissions and locking in 
sustainable returns [48]. 

Innovative business models offer another structural solution. Integrating Energy 
Service Companies (ESCOs) via Energy Performance Contracting (EPC) has proven 
highly effective at driving efficiency [49]. Similarly, the European Union’s One-Stop-Shop 
(OSS) model bundles design, financing, and construction, slashing transaction costs and 
improving the scalability of deep retrofits [50,51]. 

2.2.2. Influencing Factors Related to Social Value Realization 

Social value realization heavily depends on psychological and institutional triggers. 
Resident demand surges when they perceive high control, anticipate clear benefits, and feel 
supported by local social norms, which directly boosts project execution rates [52]. To activate 
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this “demand–behavior–value” chain, policymakers must aggressively target information 
asymmetry, ensuring that residents fully grasp both the risks and the rewards [53]. 

Regulatory pressure acts as the backbone of this transformation. Rigid building codes 
and mandatory evaluation standards are essential for capping residential energy use [54], 
much like how the EU’s Energy Performance Certificate system enforces a standardized 
baseline to drive efficiency [55]. Looking at broader urban governance interventions in 
China—such as sponge city rollouts and older community renewals—data confirms that 
strict institutional enforcement is what stabilizes environmental performance and secures 
public welfare goals [56]. Consistent government oversight limits uncertainty. When 
authorities maintain rigorous supervision and clear rule-setting, stakeholder conflicts 
plummet. This allows for accurate performance tracking, ensuring that improvements in 
living quality and energy conservation actually endure over time [57]. 

Financial interventions, meanwhile, must be precision-targeted to maximize social 
equity. In Chongqing, for example, rolling out income-tiered subsidies drastically improved 
the willingness of lower- and middle-income families to participate, accelerating their 
payback periods [58]. Ultimately, the interplay between national incentives and local 
enforcement dictates both the scale and depth of retrofits [59]. This aligns with Swiss data 
showing that aggressive subsidy intensity directly correlates with massive, double-digit 
drops in household energy use [60]. However, if negotiation and enforcement costs spiral 
out of control—a frequent issue in Chinese residential projects—completion rates will stall, 
stripping away potential utility savings and asset appreciation [61]. 

2.2.3. Influencing Factors Related to Ecological Value Realization 

Data from Guangzhou confirms that prioritizing accessible green spaces and spatial 
connectivity during neighborhood renewals directly translates public health benefits into 
long-term community vitality [62]. In fact, community-scale renewals naturally extend 
beyond isolated buildings. Broadening the scope to include landscape greening, 
integrated water management, and solid waste recycling creates major new levers for 
curbing overall carbon emissions [63]. Research from Germany shows that electrification 
measures such as heat pumps, when implemented synergistically with envelope upgrade 
and operation optimization, more effectively convert energy savings and comfort 
improvements into dual economic and environmental value [64]. Accounting studies in 
China demonstrate that promoting green building materials and improving building 
energy efficiency are critical pathways to reducing incremental carbon emissions during 
retrofit [65]. Measured data from individual dwellings indicate that coordinated retrofit 
of envelope, equipment, and control systems significantly reduces annual energy 
consumption and operating costs, providing cost-effectiveness evidence for transition 
toward nearly zero-energy buildings [66]. 

Research on multi-family housing in Poland shows that coupling greywater systems 
with waste heat recovery and heat pump/heat exchange equipment can simultaneously 
reduce potable water and domestic hot water energy consumption, recover thermal 
energy and resources, amplify synergies between operating cost reduction and carbon 
mitigation, and enhance retrofit value [67]. Empirical evidence from Brazil demonstrates 
that rainwater and greywater reuse significantly reduce potable water consumption and 
water bills and represent promising alternatives from the perspective of urban drainage 
and energy use impacts [68]. Increased ecological awareness among residents promotes 
voluntary pro-environmental behavior; urban renewal provides opportunities to enhance 
such awareness, thereby supporting sustainable social development [69]. 

In summary, this study examines factors influencing the value realization of GRERC 
from the perspective of the residential community as an integrated unit. Although direct 
research remains limited and existing studies primarily emphasize economic benefit 
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estimation, systematic review reveals a set of influencing factors under the coordinated 
economic-social-ecological value realization framework. These factors are categorized 
accordingly, providing a solid theoretical foundation for subsequent analysis. 

3. Methodology 
3.1. Research Procedure 

To systematically deconstruct how various forces shape GRERC value realization, 
this study employs a dual-stage DEMATEL–ISM modeling framework. This strategy 
excels at mapping out complex causal chains and hierarchical architectures within multi-
factorial systems, making it a natural fit for untangling the intricate interaction pathways 
characteristic of green retrofits [70]. By merging these two methodologies, we can 
simultaneously quantify influence intensity, determine causal directionality, and establish 
a clear structural hierarchy. This integrated approach moves beyond surface-level 
correlations to provide a rigorous, multi-dimensional foundation for the subsequent 
analysis. 

A detailed breakdown of the analytical steps is provided below. 
(1) Identification of influencing factors 
Based on case experience and literature review, influencing factors are screened from 

the perspective of economic-social-ecological value realization. The systematic factor set 
is defined as: X = ሼXi , i = 1, 2, …, nሽ. 

(2) Construction of the direct influence matrix X 
Experts in GRERC are invited to evaluate the influence intensity of factor i on factor 

j using a 0–4 scale: 0 = no influence (diagonal elements), 1 = little influence, 2 = average 
influence, 3 = high influence, and 4 = very high influence. After scoring, values are 
averaged and rounded to integers. The direct influence matrix is constructed as 
X = ൣxij ൧n×n

, where xij represents the consolidated, quantified influence that factor i exerts 
on factor j. For instance: 

X = ൦ 0 x12 … x1n
x21 0 … x2n
⋮ ⋮ ⋱ ⋮

xn1 xn2 ⋯ 0

൪  (1)

(3) Calculation of the normalized influence matrix N 
The equation is: 

N = X

max൜max
1≤i≤n

∑ xij,   max
1≤j≤n

∑ xij
n
i = 1n

j = 1 ൠ  (2)

(4) Calculation of the total influence matrix T 
Using the normalized matrix N and the identity matrix, the total influence matrix T 

is derived. The equation is: 

T = ൫N + N2 + … + Nk൯ = ∑ Nk∞
k = 1  = NሺI −  Nሻି1  (3)

(5) Determination of four indicators 
The equations are: 
Influence degree (D): sum of each row of T. 

Di = ∑ xij
n
j = 1  ሺi = 1, 2, …, nሻ  (4)

Influenced degree (C) sum of each column of T. 

Ci = ∑ xij
n
j = 1  ሺi = 1, 2, …, nሻ  (5)

Centrality (M): D + C. 

Mi = Di + Ci  (6)
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Causality (R): D − C. 

Ri = Di  −  Ci  (7)

(6) Threshold value (λ) determination 
The equation is: 

λ = α + β  (8)

where α and β  denote the mean and standard deviation of all elements in matrix T , 
respectively. The primary purpose of the threshold λ is to simplify the system structure 
by eliminating relationships with relatively minor influence, thereby facilitating the 
hierarchical partitioning of the system. 

(7) Construction of the adjacency matrix A 
Based on the total influence matrix T, elements are screened using the threshold λ. 

Values ≥ λ are assigned 1, and values < λ are assigned 0. The adjacency matrix is thus 
constructed as A = ൣaij൧n×n

 , where aij  = 0 or 1. 0 indicates no direct influence between 
factors, and 1 indicates the existence of a direct influence. 

Specifically, let tij denote the element in the i-th row and j-th column of matrix T, 
and aij denote the corresponding element in matrix A. The rule is defined as: ൝aij = 1, tij ≥ λ ൫i,j = 1, 2, …, n൯

aij = 0, tij < λ ൫i,j = 1, 2, …, n൯   (9)

(8) Construction of the reachability precursor matrix B 
The equation is: 

B = A + I  (10)

(9) Construction of the reachability matrix R 
Boolean algebra operations are applied to matrix B  iteratively until stability is 

achieved, producing the reachability matrix R. 
(10) Determination of factor hierarchy 
Hierarchical analysis is conducted based on the reachability matrix R to identify the 

reachable set (R), antecedent set (Q), and intersection set (C) for each influencing factor. 
Reachable set (R): In the reachability matrix R, the reachable set corresponding to aij 

consists of the influencing factors associated with elements equal to 1 in the corresponding 
row, representing all elements that can be reached from aij. 

Antecedent set (Q): In the reachability matrix R, the antecedent set corresponding to 
aij  consists of the influencing factors associated with elements equal to 1 in the 
corresponding column, representing all elements that can reach aij. 

Intersection set (C): The intersection of the two, defined as Ci = Ri∩Qi 
If Ri = Ci, factor i is assigned to the current highest hierarchical level. After removing 

this level, the procedure is repeated until all factors are hierarchically classified. 
(11) Development of the multi-level system architecture diagram 
Based on causal hierarchy and reachability relationships, intra-level and cross-level 

influence pathways are visualized to produce the final structural model. 

3.2. Identification of Influencing Factors 

This study identifies factors influencing the value realization of GRERC through both 
literature analysis and case analysis. 

3.2.1. Literature Review Method 

Influencing factors affecting the value realization of GRERC were identified through 
a literature analysis method, which compensates for the limitation of case analysis being 
confined to specific projects. To ensure comprehensiveness, validity, and timeliness, the 
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literature was screened according to the following criteria. Publications were retrieved 
from the Scopus, Google Scholar, and Web of Science databases. The search topics 
included “building retrofit” and “residential community retrofit.” Journals possessing an 
impact factor greater than or equal to 3 (IF ≥ 3) were selected with the period from 2018 to 
2025. After excluding irrelevant articles, influencing factors were determined by merging 
high-frequency terms and synonymous expressions. 

3.2.2. Case Study Method 

To better align the sample with the research objectives and aims, this study adopted a 
purposive sampling strategy to select the sample [71]. Ultimately, five typical cases of GRERC 
were selected (Appendix A), based on the following criteria: the implementation period of the 
cases fell between 2020 and 2025; the cases covered different geographical regions of China; 
and the cases had high information accessibility, with publicly available retrofitting processes. 
This selection strategy helps ensure the typicality and information richness of the cases; 
however, it may introduce a “success bias”—all selected cases are retrofitted projects with 
relatively satisfactory outcomes. This bias is controllable, as this study aims to identify the 
influencing factors of value realization rather than to assess the overall success rate of retrofit. 

Factor identification follows a triangulation approach based on systematic literature 
review, case analysis, and expert validation [72,73]. First, a systematic literature search 
was conducted through databases to extract influencing factors of green retrofit that had 
been identified in existing studies. Second, an in-depth analysis of five cases was 
performed to extract influencing factors as they emerged in actual contexts. Finally, a 
cross-comparison method was employed for factor integration, wherein literature-
derived factors were matched with case-derived factors. Factors that appeared in both 
sources were retained, while factors that appeared in only one type of source but were 
verified as important through expert validation were supplemented. 

Based on literature and case analysis results, and through further consultation with 
experts involved in green retrofit projects, factors were refined, merged, and 
standardized. Ultimately, 16 influencing factors were identified and classified into three 
dimensions: economic, social, and ecological value realization (Table 1). It should be noted 
that some factors may influence multiple dimensions; classification is based on the 
dimension to which each factor is most closely related. 

Table 1. Preliminary List of Influencing Factors for Value Realization in GRERC. 

Category Influencing Factor Source 

Economic Value 

Household income level [43,44] 
Community retrofit scheme [39,45,74]; Cases 1–4 

Level of communication and collaboration [46,47,75]; Case 3 
Operation and maintenance management mode [48,49]; Cases 4–5 

Reputation and qualifications of green retrofit enterprises [76] 
Development level of related industries [50,51] 

Social Value 

Residents’ demand level [52,53]; Cases 1, 3–5 
Government evaluation standards [54,55] 
Government supervision intensity [56,57] 

Government incentive policies [58–60]; Cases 4–5 
Industry market environment [61] 

Ecological Value 

Green space planning [62,63]; Cases 1–2 
Carbon reduction measures [63–65] 

Energy-saving measures [31,33,66,67]; Case 2 
Water resource utilization [63,67,68] 

Ecological awareness [52,69] 
Note: Detailed information on the cases referenced in this table is provided in Appendix A. 
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3.3. Questionnaire Development and Data Collection 

Following the preliminary identification of factors, a questionnaire survey was designed 
and administered (see Appendix B for details). The purpose of this stage was to conduct 
reliability and validity testing and critical screening of the initially identified factor list. 
Specifically, the questionnaire assessed respondents’ perceptions of the importance of each 
influencing factor using a 5-point Likert scale, aiming to eliminate factors either non-critical or 
unsatisfactory reliability. This process ensured that the factors entering the subsequent 
DEMATEL-ISM model possessed high relevance and representativeness. 

The questionnaire was structured into two distinct sections: the first captured socio-
demographic profiles and baseline familiarity with GRERC, while the second utilized a five-
point Likert scale to evaluate factor importance. On this scale, scores ranged from “1” (not 
important) to “5” (very important), a design chosen specifically to sharpen the granularity of 
respondent feedback and ensure the final factor selection was both rational and empirically 
grounded. 

To guarantee data quality, this study targeted a cohort with deep domain expertise and 
practical field experience. Participants were recruited from a cross-section of academia, 
construction firms, and government regulatory bodies. While we generally required a 
bachelor’s degree, this criterion was flexibly adjusted for mid-to-senior level managers whose 
extensive on-the-ground experience provided equivalent, if not superior, professional 
judgment. 

This study employed a stratified sampling strategy to balance broad 
representativeness with logistical feasibility. After categorizing the population by 
organization type, we applied quota-based sampling within each stratum, and invitation 
links were distributed to the identified contacts through diverse online channels (e.g., 
email, industry WeChat groups, etc.) to maximize reach and streamline data management. 
A total of 380 invitation links were sent out, of which 230 responses were received, 
yielding an overall response rate of 60.5%. 

Geographically, the respondents were predominantly concentrated in Jiangsu 
Province. As an economically leading region with advanced urbanization, Jiangsu serves 
as a primary hub for China’s national urban renewal and green building pilot projects. 
The insights of practitioners from this region are therefore highly valuable, as they reflect 
the operational frontier of green retrofit practices in China and offer benchmark 
experiences for other provinces [47]. Nevertheless, this geographic concentration may 
introduce a regional bias, potentially limiting the direct generalizability of the findings to 
less-developed regions. Additionally, the reliance on digital distribution channels may 
introduce a selection bias toward professionals with greater digital connectivity and 
institutional access. These factors should be taken into account when interpreting the 
generalizability of the findings, and we discuss this further in the Limitations section. 

Of the 230 total responses collected, this study filtered out participants who admitted 
to having “no understanding” of GRERC. This left a final pool of 216 valid questionnaires. 
The detailed breakdown of respondent demographics and organizational affiliations is 
summarized in Table 2.  

Table 2. Categories and Proportions of Valid Respondents. 

Respondent Category Number Proportion (%) 
Personnel from universities and research institutes 50 23.15 

Personnel from construction-related enterprises 56 25.93 
Personnel from construction-related government departments 44 20.37 

Personnel from other organizations 66 30.56 
Total 216 100 
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Reliability analysis yielded a Cronbach’s Alpha of 0.955, exceeding the 0.8 threshold, 
indicating high internal consistency and suitability for further analysis (Table 3). 

Table 3. Reliability Analysis of Influencing Factors (Cronbach’s Alpha). 

No. Factor Corrected Item–Total 
Correlation 

Cronbach’s α If 
Item Deleted 

Reliability 
Assessment 

1 Household income level 0.747 0.952 Good reliability 
2 Community retrofit scheme 0.76 0.952 Good reliability 
3 Level of communication and collaboration 0.774 0.952 Good reliability 
4 Operation and maintenance management mode 0.728 0.953 Good reliability 

5 Reputation and qualifications of green retrofit 
enterprises 0.553 0.957 Poor reliability 

6 Development level of related industries 0.548 0.957 Poor reliability 
7 Residents’ demand level 0.684 0.954 Acceptable reliability 
8 Government evaluation standards 0.754 0.952 Good reliability 
9 Government supervision intensity 0.802 0.951 High reliability 

10 Government incentive policies 0.779 0.952 Good reliability 
11 Industry market environment 0.809 0.951 High reliability 
12 Green space planning 0.806 0.951 High reliability 
13 Carbon reduction measures 0.827 0.951 High reliability 
14 Energy-saving measures 0.812 0.951 High reliability 
15 Water resource utilization 0.745 0.952 Good reliability 
16 Ecological awareness 0.794 0.951 Good reliability 

Deleting the indicator “enterprise reputation and qualifications related to green 
retrofit” increased α to 0.957, indicating improved reliability. Similarly, removing “related 
industry development level” improved reliability. Therefore, these two indicators were 
excluded. 

KMO and Bartlett’s tests were conducted to verify sampling adequacy and 
correlation validity (Table 4). The overall KMO value was 0.932 (>0.5) and significance 
levels were far below 0.001, indicating strong correlations and good validity of the survey 
data. 

Table 4. KMO and Bartlett’s Test Results. 

Test Indicator Value 
KMO Measure of Sampling Adequacy KMO value 0.932 

Bartlett’s Test of Sphericity 
Approximate Chi-square 2989.535 
df 171 
Sig. (p-value) 0.000 

After reliability and validity testing, 14 influencing factors were retained for 
subsequent analysis (Table 5).  

Table 5. Final List of Influencing Factors for Value Realization in GRERC. 

No. Influencing Factor 
X1 Household income level 
X2 Community retrofit scheme 
X3 Level of communication and collaboration 
X4 Operation and maintenance management mode 
X5 Residents’ demand level 
X6 Government evaluation standards 
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X7 Government supervision intensity 
X8 Government incentive policies 
X9 Industry market environment 

X10 Green space planning 
X11 Carbon reduction measures 
X12 Energy-saving measures 
X13 Water resource utilization 
X14 Ecological awareness 

Based on the 14 key factors screened through the questionnaire survey, an expert 
consultation approach was adopted. Five experts in related fields were invited to form an 
expert panel, including one staff member from a government department related to 
construction, two industry practitioners, one scholar from a university or research institute, 
and one professional from another sector familiar with green building retrofit. The panel 
members were either directly engaged in or well acquainted with GRERC, ensuring the 
scientific rigor and rationality of their evaluations. Although the sample size of experts is 
limited, the DEMATEL method prioritizes the depth and quality of expert insights over 
larger, potentially less coherent samples. A panel size of four to five experts is consistent 
with the established methodological guidelines of the DEMATEL approach [77]. 

Questionnaires were distributed through on-site interviews and email 
correspondence, and relevant experts were invited to rate the degree of mutual influence 
among the influencing factors using a 0–4 scoring method (see Appendix C for the 
detailed scoring table), to determine the extent to which each specific indicator influences 
others. The scores assigned to each influencing factor across different questionnaires were 
averaged, rounded to the nearest integer, and presented in integer form to generate the 
original direct influence matrix X (Appendix D). 

4. Results 
4.1. Evaluation of Impact Factors Based on the DEMATEL Method 

The matrix X was processed using the DEMATEL procedure described in Section 3.1 
based on the valid dataset. The four indicators were calculated (Table 6). Specifically, the 
influence degree (D) indicates the total effect an element exerts on other elements, while 
the influenced degree (C) reflects the total effect an element receives from other elements. 
The centrality (M)  represents the overall importance of an element within the system 
structure, and the causality (R)  describes the net influence relationship: values greater 
than zero identify cause factors that exert stronger influence on other variables, whereas 
values less than zero indicate result factors that are more strongly affected by other 
variables. 

The results highlight a clear hierarchy of influence. Indicators X8, X6, X14, and X7 
emerge as powerful systemic drivers with high influence degrees. Conversely, X4, X2, 
X10, X11, and X13 function as reactive elements, proving highly susceptible to external 
shifts within the system. When assessing overall importance, X4, X10, and X6 command 
the highest centrality, marking them as the strategic anchors of the GRERC value 
realization framework. Causal mapping further distinguishes the roles of these variables: 
X8 and X6 possess positive cause degrees, reinforcing their status as foundational 
catalysts. In contrast, the negative cause degrees of X4 and X2 classify them as result 
factors—essential outcomes that are ultimately shaped by the interplay of more dominant 
driving forces. 
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Table 6. DEMATEL-Based Analysis of Influencing Factors. 

Factor 
Influence  

Degree (D) 
Influenced  
Degree (C) 

Centrality  
(M = D + C) 

Causality  
(R = D − C) Weight Factor Type 

X1 1.0564 0.1381 1.1945 0.9183 0.0441 Cause factor 
X2 0.4403 1.4312 1.8715 −0.9909 0.0690 Effect factor 
X3 0.4929 1.0555 1.5484 −0.5626 0.0571 Effect factor 
X4 0.4427 1.8629 2.3056 −1.4202 0.0851 Effect factor 
X5 0.8506 0.8977 1.7483 −0.0471 0.0645 Effect factor 
X6 1.4819 0.6926 2.1745 0.7893 0.0802 Cause factor 
X7 1.2342 0.6215 1.8557 0.6127 0.0685 Cause factor 
X8 1.5315 0.5745 2.1060 0.9570 0.0777 Cause factor 
X9 0.9485 1.0687 2.0172 −0.1202 0.0744 Effect factor 

X10 0.9878 1.1908 2.1786 −0.2030 0.0804 Effect factor 
X11 0.8558 1.1331 1.9889 −0.2773 0.0734 Effect factor 
X12 0.8521 1.0722 1.9243 −0.2201 0.0710 Effect factor 
X13 0.9902 1.1331 2.1233 −0.1429 0.0783 Effect factor 
X14 1.3887 0.6817 2.0704 0.7070 0.0764 Cause factor 

Note: The weight (W) is derived from the normalization of the centrality degree (M), W୧ ൌ M୧/∑M୧. 
Using centrality as the horizontal coordinate and causality as the vertical coordinate, 

a centrality–cause diagram was generated (Figure 1). The horizontal axis represents 
centrality (M = D + C), indicating overall importance. the vertical axis represents causality 
(R = D − C), distinguishing cause factors (R > 0) from effect factors (R < 0). Factors are 
labeled by their corresponding codes (X1–X14). Factors X6 and X8 in the first quadrant 
indicate high importance and causal influence. Factors X1 and X7 in the second quadrant 
indicate low importance but causal influence. Factors X12, X2, X5, and X3 in the third 
quadrant indicate low importance and result-type characteristics. Factors X4, X10, X13, 
X9, and X11 in the fourth quadrant indicate high importance but result-type 
characteristics. 

 

Figure 1. Centrality–Causality Diagram of Impact Factors. 

4.2. Multi-Level System Architecture of Impact Factors Based on the ISM Method 

All elements in the total influence matrix T (Appendix D) were processed to obtain 
the mean (0.06915) and standard deviation (0.04285). Therefore, the threshold value λ 
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was calculated as 0.112. Using λ  as the reference value, elements in matrix T  greater 
than or equal to λ were assigned “1”, and those less than λ were assigned “0”, forming 
the adjacency matrix A (Appendix D). 

Boolean algebra operations were then performed on matrix B  until the results 
stabilized, yielding the reachability matrix R (Table 7). A value of 1 indicates that a path 
exists between two factors, whereas 0 indicates no path. 

Table 7. Reachability Matrix (R). 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 
X1 1 0 0 1 1 0 0 0 0 1 1 1 1 0 
X2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
X3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
X4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
X5 0 0 0 1 1 0 0 0 0 1 1 1 1 0 
X6 0 1 1 1 0 1 1 0 1 1 1 1 1 0 
X7 0 1 0 1 0 0 1 0 1 0 0 0 0 0 
X8 0 1 1 1 0 0 0 1 1 1 1 1 1 0 
X9 0 1 0 1 0 0 0 0 1 0 0 0 0 0 

X10 0 0 0 1 0 0 0 0 0 1 0 0 0 0 
X11 0 0 0 1 0 0 0 0 0 0 1 0 0 0 
X12 0 0 0 1 0 0 0 0 0 0 0 1 0 0 
X13 0 0 0 1 0 0 0 0 0 0 0 0 1 0 
X14 0 1 0 1 0 0 0 0 0 1 1 1 1 1 

The reachability matrix R  was further analyzed to obtain the reachable set (R ), 
antecedent set (Q ), and intersection set (C ) for each factor (Table 8). The reachable set 
comprises all nodes that can be reached from a given node through direct or indirect 
paths. The antecedent set contains all nodes that can directly or indirectly influence the 
given node. The intersection set identifies hierarchical dependencies among nodes by 
comparing the reachable and antecedent sets. 

Table 8. Reachable Set, Antecedent Set, and Intersection. 

Factor Reachable Set (R) Antecedent Set (Q) Intersection (C = R ∩ Q) 
X1 1,4,5,10,11,12,13 1 1 
X2 2 2,6,7,8,9,14 2 
X3 3 3,6,8 3 
X4 4 1,4,5,6,7,8,9,10,11,12,13,14 4 
X5 4,5,10,11,12,13 1,5 5 
X6 2,3,4,6,7,9,10,11,12,13 6 6 
X7 2,4,7,9 6,7 7 
X8 2,3,4,8,9,10,11,12,13 8 8 
X9 2,4,9 6,7,8,9 9 

X10 4,10 1,5,6,8,10,14 10 
X11 4,11 1,5,6,8,11,14 11 
X12 4,12 1,5,6,8,12,14 12 
X13 4,13 1,5,6,8,13,14 13 
X14 2,4,10,11,12,13,14 14 14 

From Table 8, if a factor’s reachable set is identical to its intersection set, the factor is 
classified as an apex element in the ISM model. After removing apex factors from the 
reachable and antecedent sets, the procedure is repeated for the remaining factors until 
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all levels are determined (Table 9). The top layer represents the direct causes of the 
ultimate system objective; each subsequent lower layer represents the causes of the layer 
above. The bottom level represents the root causes of the system, and the higher levels 
represent the resulting effects. 

Table 9. Multi-Level System Architecture of Impact Factors. 

Level Factors 
Level 1 (Top Level) X2, X3, X4 

Level 2 X9, X10, X11, X12, X13 
Level 3 X5, X7, X8, X14 

Level 4 (Bottom Level) X1, X6 

Based on the reachable sets, antecedent sets, and intersections in Table 8, together 
with the multi-level system architecture in Table 9, the multi-level system architecture 
model of impact factors was constructed (Figure 2). The diagram presents the hierarchical 
structure derived from ISM analysis, spanning four levels. Solid arrows indicate causal 
relationships (lower levels → higher levels). Level 1 (top) contains direct factors (X2, X3, 
X4). Level 2 and 3 contain indirect drivers (X9–X13, X5, X7, X8, X14). Level 4 (bottom) 
contains root factors (X1, X6). The results indicate that the direct factors affecting the value 
realization of GRERC are X2, X3, and X4. Factors located at lower levels represent deeper 
causal drivers. X1 and X6 are the most fundamental root causes within the overall causal 
system. All other factors, except the direct and root causes, function as indirect drivers 
influencing the system. 

 

Figure 2. Multi-Level System Architecture Model of Impact Factors. 
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5. Discussion 
5.1. Interpretation of Results 

The ultimate measure of GRERC success requires looking beyond physical upgrades 
to measure and optimize the integrated value created across economic, social, and 
environmental dimensions [28]. Moving past simple factor identification, this study 
mapped how different variables interact to drive value realization. Integrating DEMATEL 
and ISM allowed us to trace the transmission pathways of these influences across multiple 
hierarchical levels, revealing the deeper mechanisms at play [70]. 

Government evaluation standards (X6) stand out as the primary driving force. Both 
the DEMATEL calculations and the ISM hierarchy confirm this centrality, with X6 
anchoring the foundational level of the entire system. Practically, these standards do not 
just set benchmarks; they dictate the evolution of subsequent factors. Our pathway 
analysis shows this influence shaping technical choices, operational models, and 
stakeholder coordination. The practice of existing building retrofit in China follows a 
government-led model, wherein the evaluation standards formulated by the government 
directly determine the entire process of project approval, fund allocation, and project 
acceptance [19]. Such a dynamic sheds light on a common issue in China: infrastructure 
often improves visibly post-retrofit, yet sustainability performance remains inconsistent 
[56]. Without mandatory, enforceable standards—especially for energy efficiency and 
low-carbon transport—achieving comprehensive value is difficult. The voluntary nature 
of the current green retrofit evaluation framework severely blunts its impact on actual 
practice [19]. In contrast, in EU countries such as Germany and the Netherlands, the 
mandatory requirement for Energy Performance Certificates (EPC) and their market-
based linkage mechanisms allow households to autonomously formulate retrofit 
decisions based on precise energy efficiency classifications. In China, the “top-down” 
dominant influence of government-formulated evaluation standards may be attenuated 
within market-driven governance systems. For countries with strong state intervention in 
the building sector (e.g., China, Singapore, and certain Middle Eastern nations) the 
standard-dominated pathway revealed in this study holds direct transferable value, but 
cultural and institutional differences should be carefully considered. 

Sitting slightly higher in the hierarchy but remaining fundamentally important are 
government incentive policies (X8). Rather than triggering initial change, these policies 
act as amplifiers. The structural models indicate that incentives dictate implementation 
strategies and behavioral shifts, which then cascade into higher-level outcomes. This 
aligns closely with China’s current reality, where local authorities heavily drive retrofit 
agendas [19]. While existing literature confirms that policy backing is essential to attract 
social capital [25], our findings highlight an inherent structural flaw. Because current 
incentives largely focus on scaling up the number of projects, long-term project 
performance and actual value creation are frequently sidelined. 

Ecological awareness (X14) acts as another core driver, but it operates distinctly from 
institutional forces. It bypasses formal mechanisms to directly mold stakeholder 
preferences and daily decisions. Our results link ecological awareness to operational 
efficiency and design choices, driving value realization indirectly across several routes. 
This corroborates previous claims that a lack of environmental awareness and technical 
literacy often leads to poor retrofit performance [19]. Furthermore, the data highlights 
how income brackets influence retrofit demand; wealthier households are significantly 
more likely to support deep retrofits and secure better energy savings, a trend observed 
in earlier studies [43]. 
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5.2. Policy Implications 

Urgent adjustments to current practices are required to translate green retrofit 
initiatives into scalable, consistent value. 

Most critically, evaluation standards must shift from serving as mere guidelines to 
becoming enforceable rules. Voluntary adoption and weak oversight currently render 
existing frameworks largely symbolic. The industry does not need a higher volume of 
standards; it needs criteria that are straightforward to verify and embed into daily 
workflows. Implementing precise performance metrics and integrating IoT monitoring 
can drastically reduce the uncertainty of energy assessments. As noted by others, 
transitioning to performance-based certification, such as mandatory labeling, is a proven 
method for tightening quality control [78]. 

On the financial side, subsidies must pivot from funding scale to rewarding actual 
effectiveness. Public funding successfully launched the retrofit market, yet the focus on 
rapid expansion has compromised long-term quality. Because green retrofits suffer from 
high upfront capital requirements and slow payback cycles [79,80], external financial 
support is non-negotiable [81]. While countries like Germany successfully leverage 
development banks for long-term, low-interest retrofit loans [82], China still relies heavily 
on direct local government funding. Transitioning toward Energy Performance 
Contracting (EPC) models could attract much-needed private capital, boosting financial 
sustainability. Additionally, creating robust benefit-sharing mechanisms would ensure 
that financial gains from efficiency improvements are fairly distributed among 
stakeholders, especially residents whose daily habits determine actual energy use. 

Lastly, project managers must stop treating residents as passive recipients. 
Behavioral factors driven by ecological awareness demonstrably alter retrofit outcomes, 
reinforcing the established link between user habits and energy efficiency [83]. Promoting 
green retrofits requires sustained public engagement, not just engineering fixes. Opening 
communication channels and integrating resident feedback during the design phase 
ensures the final project meets actual user needs, which inherently boosts social value and 
satisfaction. 

6. Conclusions 
This research investigated the mechanisms of value realization in the GRERC by 

analyzing the interaction networks of various impact factors. The integration of 
DEMATEL and ISM allowed us to locate key variables within a complex causal hierarchy. 

Government evaluation standards, incentive policies, and ecological awareness 
emerged as the three pillars of this system. Their critical role is defined by how they 
control the transmission pathways of influence, rather than just their isolated impacts. 
Consequently, achieving value in green retrofits is fundamentally a byproduct of merging 
institutional frameworks with behavioral shifts. 

Despite rapid progress in the sector, a distinct gap remains between policy ambitions 
and on-the-ground realities. Disconnected standards, poorly targeted incentives, and 
superficial stakeholder engagement currently bottleneck project success. Moving forward, 
policymakers must adopt an integrated strategy that physically links regulations, funding 
structures, and user behavior. 

Limitations of this study are also acknowledged. First, the research primarily focuses 
on the Chinese context, which may limit the generalizability of the findings to other 
institutional or cultural environments. In terms of sample composition, the questionnaire 
sample exhibited a degree of selection bias, most notably a regional overrepresentation of 
respondents from Jiangsu Province and a reliance on online distribution channels, which 
may favor practitioners with stronger digital connectivity and institutional access. While 
the concentration in Jiangsu arguably captures perspectives from a region at the forefront 
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of green retrofit practice, the findings should be interpreted with caution when 
generalizing to less developed regions or to practitioners outside established professional 
networks. Second, subjectivity is inherent in the selection of influencing factors and the 
DEMATEL expert scoring process, compounded by the limited size of the expert panel. 
Third, owing to the static nature of the DEMATEL-ISM model, this study fails to capture 
temporal dynamics or performance variations before and after retrofitting. Most critically, 
the study lacks empirical validation. The identified causal pathways and hierarchical 
structure have not been systematically compared with actual outcomes of completed 
retrofit projects, independent expert verification and prior empirical studies. Future 
research should extend to a broader range of geographical regions, incorporate empirical 
case studies, and adopt longitudinal research designs to track performance data before 
and after green retrofit. Advancing these research directions will contribute to the 
development of a more generalizable and dynamic framework for value realization in 
green retrofit, thereby providing scientific evidence to support the sustainable 
development of buildings and communities. 
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Appendix A 

Table A1. Case Information for Influencing Factors. 

No. Case Name Corresponding Factors Detailed Information 

1 

Renovation of Meiqi 

Community, 

Yangzhou 

Community retrofit scheme 

The Meiqi Community renovation project in Yangzhou focuses 

on addressing infrastructure deficiencies and improving living 

quality. Key measures include façade refurbishment, 

upgrading internal roads and underground pipelines, and 

improving parking and security facilities. The renovation 

directly responds to residents’ needs for safety, travel 

convenience, and improved living comfort. In addition, 

supplementary greening and public space optimization 

enhance the ecological environment and recreational functions 

within limited space, contributing to the overall environmental 

quality of the aging neighborhood. 

Residents’ demand level 

Green space planning 
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2 

Xiaosongtao Lane 

Renovation, 

Nanjing: Creating a 

“Green Model” of 

Urban Renewal 

Community retrofit scheme 

The Xiaosongtao Lane shantytown project centers on a "Retain–

Renovate–Demolish" framework, prioritizing the surgical 

preservation of historic street textures over indiscriminate 

clearance. This strategy utilizes classified interventions—

carefully balancing selective demolition with the restoration of 

heritage structures to maintain urban continuity. To manage 

the complexities of displacement, the team implemented a "One 

Household, One Policy" resettlement logic, incentivizing 

voluntary on-site relocation and housing exchanges to 

transform the shantytown into a functional, modern residential 

hub. 

Environmental design in this renewal focuses on micro-spatial 

optimization. By integrating existing tree canopies with newly 

designed ventilation corridors and rooftop greenery, the project 

effectively enhances alley-level airflow and public biomass. 

Furthermore, the push for energy sustainability moves beyond 

theory into practical low-carbon applications. The integration 

of rooftop photovoltaic arrays, the strategic reuse of salvaged 

green building materials, and a heavy reliance on passive 

natural ventilation collectively ensure that the community 

meets its long-term decarbonization and conservation targets. 

Green space planning 

Energy-saving measures 

3 

Green, Low-Carbon 

and Smart 

Renovation of Old 

Communities in 

Yunyan District, 

Guiyang 

Community retrofit scheme 

The renovation blueprint prioritizes the radical upgrading of 

infrastructure, centering on the integration of ecological and 

intelligent systems within aging neighborhoods. By 

overhauling essential road networks, subterranean pipelines, 

and digital facility frameworks, the project successfully 

modernizes community utility while elevating overall 

habitability. Operationally, the initiative demonstrated 

formidable cross-sector synergy, managing a massive rollout 

that encompassed nearly 15,000 households across diverse 

districts. This success hinged on a robust collaborative network 

between municipal authorities, engineering teams, and 

grassroots organizations—a partnership essential for complex 

resource mobilization and large-scale implementation. 

Ultimately, the project’s high performance in infrastructure and 

smart service delivery functions as a direct response to public 

demand for safety, logistical convenience, and a higher 

standard of urban living. 

Level of communication and 

collaboration 

Residents’ demand level 
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4 

Renovation of 

Baimadang 

Community, 

Chongqing 

Community retrofit scheme 

The Baimadang Community project serves as a testing ground 

for a novel, market-oriented renovation model. By leveraging 

PPP and ROT (Renovate-Operate-Transfer) financing, the 

initiative successfully integrated private capital into public 

infrastructure. To ensure the project was grounded in local 

reality, the team conducted exhaustive door-to-door surveys 

and iterative consultation sessions with residents. The resulting 

physical upgrades—ranging from facade restoration and 

parking expansion to the creation of vibrant shared green 

spaces—directly targeted functional gaps in community 

sustainability. 

Crucially, the Baimadang model shifts away from "one-off" 

construction toward a lifecycle-based operational strategy. By 

weaving together professional property management, social 

community services, and commercial space leasing, the project 

created a self-sustaining ecosystem that keeps residents 

engaged long after the initial repairs. Public input was not a 

formality; courtyard meetings and feedback loops functioned 

as the primary design drivers. From a regulatory perspective, 

the government catalyzed this transition by formalizing the 

project into "best practice" lists and refining policy incentives. 

This strategic backing not only mitigated local fiscal burdens 

but also successfully mobilized broader market forces into the 

urban renewal sector. 

Operation and maintenance 

management mode 

Residents’ demand level 

Government incentive  

policies 

5 

Renovation of 

Mudan 

Community, 

Shenyang 

Operation and maintenance 

management mode 

The Mudan Community renovation prioritized a “community 

diagnosis” methodology, pinpointing local frictions before 

implementation. By integrating Party-building leadership with 

deep-level resident participation, the project ensured that 

design choices remained tethered to actual operation and 

maintenance (O&M) realities. This long-term operational 

sustainability is further bolstered by a normalized assessment 

mechanism and the “People’s Designer” model, both of which 

foster genuine co-governance between residents and property 

management. Throughout the process, the project team 

maintained high responsiveness to public needs, actively 

recalibrating renovation plans based on incoming feedback. 

Ultimately, this high-quality renewal was catalyzed by 

government-led institutional innovations—specifically 

through strategic policy guidance, resource pooling, and the 

modernization of grassroots governance. 

Residents’ demand level 

Government incentive  

policies 

Appendix B 
Questionnaire on Influencing Factors of Value Realization in Green Retrofit of 

Existing Residential Communities. 
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Dear Respondent, 
Hello! We are conducting an in-depth study on the influencing factors of value 

realization in the green retrofit of existing residential communities. I am carrying out a 
survey on green retrofit practices in existing residential communities. Based on your 
actual circumstances and professional experience, please complete the basic information 
section and evaluate the importance of each influencing factor. A five-point Likert scale 
(1–5) is adopted to reflect the importance level of each factor. 

I hereby solemnly declare that the data collected will be used solely for academic 
research and thesis writing, and all information you provide will be kept strictly 
confidential. Thank you for your support! 

 

1. Your organization type [Single choice] * 
○ Universities and research institutes 
○ Construction-related enterprises 
○ Construction-related government departments 
○ Other organizations 

 

(If you selected “Universities and research institutes” in Question 1) 
2. Years of work experience in universities or research institutes [Single choice] * 
○ Less than 1 year 
○ 1–3 years 
○ 3–5 years 
○ 5–10 years 
○ More than 10 years 
3. Number of research projects on green retrofit of existing residential communities you 
have participated in [Single choice] * 
○ None 
○ 1–3 
○ 3–5 
○ 6 or more 

 

(If you selected “Construction-related enterprises” in Question 1) 
4. Years of work experience in the construction industry [Single choice] * 
○ Less than 1 year 
○ 1–3 years 
○ 3–5 years 
○ 5–10 years 
○ More than 10 years 
5. Type of construction-related organization you work for [Single choice] * 
○ Developer/Owner 
○ Design firm 
○ Construction contractor 
○ Consulting/management firm 
○ Construction-related supplier 
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6. Number of green retrofit projects of existing residential communities you have 
participated in [Single choice] * 
○ None 
○ 1–3 
○ 3–5 
○ 6 or more 

 
(If you selected “Construction-related government departments” in Question 1) 
7. Years of work experience in government [Single choice] * 
○ Less than 1 year 
○ 1–3 years 
○ 3–5 years 
○ 5–10 years 
○ More than 10 years 
8. Number of decision-making processes on green retrofit of existing residential 
communities you have participated in [Single choice] * 
○ None 
○ 1–3 
○ 3–5 
○ 6 or more 

 
9. Are you familiar with the concept of “green retrofit of existing residential 
communities”? [Single choice] * 
○ Very familiar 
○ Fairly familiar 
○ Somewhat familiar 
○ Not familiar at all 
10. Has your residential community undergone green retrofit? [Single choice] * 
○ Yes 
○ No 
11. Importance Evaluation of Influencing Factors [Matrix single choice] * 
Instructions: Based on your learning, professional practice, and research experience, 
please assess the degree to which the following factors influence the realization of value 
in the green retrofit of existing residential communities. Rate each factor from 1 to 5, where: 
1 = Not important 
2 = Slightly important 
3 = Moderately important 
4 = Important 
5 = Very important 
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Influencing Factor 1 2 3 4 5 
Household income level ○ ○ ○ ○ ○ 

Community retrofit scheme ○ ○ ○ ○ ○ 
Level of communication and collaboration ○ ○ ○ ○ ○ 

Operation and maintenance management mode ○ ○ ○ ○ ○ 
Reputation and qualifications of green retrofit enterprises ○ ○ ○ ○ ○ 

Development level of related industries ○ ○ ○ ○ ○ 
Residents’ demand level ○ ○ ○ ○ ○ 

Government evaluation standards ○ ○ ○ ○ ○ 
Government supervision intensity ○ ○ ○ ○ ○ 

Government incentive policies ○ ○ ○ ○ ○ 
Industry market environment ○ ○ ○ ○ ○ 

Green space planning ○ ○ ○ ○ ○ 
Carbon reduction measures ○ ○ ○ ○ ○ 

Energy-saving measures ○ ○ ○ ○ ○ 
Water resource utilization ○ ○ ○ ○ ○ 

Ecological awareness ○ ○ ○ ○ ○ 

Appendix C 

Table A2. Influencing Factors Scoring Matrix. 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 
X1               
X2               
X3               
X4               
X5               
X6               
X7               
X8               
X9               

X10               
X11               
X12               
X13               
X14               

Appendix D 
Appendix D presents the three matrices involved in the implementation of the 

DEMATEL-ISM approach, namely, direct influence matrix X (Table A3), total influence 
matrix T (Table A4) and adjacency matrix A (Table A5). 

Table A3. Direct Influence Matrix X. 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 
X1 0 2 2 3 3 1 1 1 2 1 1 1 1 1 
X2 0 0 2 2 1 0 0 0 0 1 1 1 1 0 
X3 0 2 0 2 1 0 0 0 1 1 1 1 1 0 
X4 0 2 2 0 0 0 0 0 1 1 1 1 1 0 
X5 0 0 0 3 0 0 0 0 0 3 3 3 3 1 
X6 1 2 2 3 1 0 3 2 3 2 2 2 2 2 
X7 0 2 1 4 0 2 0 1 4 2 2 2 2 1 
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X8 2 3 3 3 2 1 1 0 4 2 2 2 2 2 
X9 0 3 2 3 1 1 1 1 0 1 1 1 1 2 

X10 0 2 1 2 2 2 1 1 1 0 2 1 2 1 
X11 0 2 1 3 1 1 1 1 1 2 0 1 1 1 
X12 0 2 1 3 2 1 1 1 1 1 1 0 1 1 
X13 0 2 1 2 2 2 1 1 2 2 1 1 0 1 
X14 0 2 1 2 1 2 2 2 1 3 3 3 3 0 

Note: This matrix was derived from independent evaluations conducted by five experts in the 
GRERC field using a 0–4 scoring method, with the scores subsequently averaged and rounded to 
integers. The scoring scale is defined as follows: 0 = no influence, 1 = low influence, 2 = moderate 
influence, 3 = high influence, and 4 = very high influence. Diagonal elements were mandatorily set 
to zero. 

Table A4. Total Influence Matrix T. 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 
X1 0.0041 0.1087 0.0957 0.153 0.1147 0.0509 0.0483 0.0469 0.0916 0.0745 0.0725 0.0705 0.0725 0.0525 
X2 0.0006 0.0221 0.0706 0.0825 0.0415 0.0091 0.0069 0.0067 0.0134 0.0459 0.0447 0.0434 0.0447 0.0082 
X3 0.0008 0.0797 0.019 0.0864 0.043 0.0105 0.0082 0.0079 0.0413 0.0477 0.0465 0.0452 0.0465 0.0102 
X4 0.0007 0.0785 0.0722 0.0287 0.0151 0.0098 0.0077 0.0074 0.0405 0.0445 0.0433 0.0421 0.0433 0.0089 
X5 0.0018 0.0457 0.0305 0.1372 0.0296 0.0253 0.0196 0.0189 0.0294 0.1195 0.1163 0.113 0.1163 0.0475 
X6 0.0346 0.1363 0.1143 0.1838 0.0746 0.0393 0.1151 0.0862 0.1418 0.1191 0.116 0.1127 0.116 0.0921 
X7 0.0055 0.1243 0.0796 0.191 0.0386 0.086 0.0287 0.0541 0.1556 0.1057 0.1029 0.1 0.1029 0.0593 
X8 0.0607 0.1634 0.1423 0.1848 0.1052 0.0646 0.0599 0.0303 0.1622 0.1198 0.1167 0.1133 0.1167 0.0916 
X9 0.004 0.1315 0.093 0.1436 0.0559 0.0495 0.0472 0.0458 0.0336 0.0691 0.0673 0.0654 0.0673 0.0753 

X10 0.005 0.1059 0.066 0.1223 0.0857 0.0793 0.0505 0.0483 0.0654 0.0454 0.0969 0.0678 0.0969 0.0524 
X11 0.0039 0.1002 0.0622 0.1381 0.0539 0.0486 0.0457 0.0444 0.0594 0.0916 0.0358 0.061 0.0636 0.0474 
X12 0.0038 0.0985 0.0613 0.1385 0.0801 0.0471 0.0449 0.0436 0.0584 0.0659 0.0641 0.0345 0.0641 0.0473 
X13 0.005 0.1067 0.0668 0.1224 0.0857 0.0793 0.0506 0.0484 0.0917 0.0989 0.0707 0.0679 0.0429 0.0532 
X14 0.0076 0.1297 0.082 0.1506 0.0741 0.0933 0.0882 0.0856 0.0844 0.1432 0.1394 0.1354 0.1394 0.0358 

Note: This matrix was derived from the normalized matrix N and the identity matrix I. 

Table A5. Adjacency Matrix A. 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 
X1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
X2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
X3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
X4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
X5 0 0 0 1 0 0 0 0 0 1 1 1 1 0 
X6 0 1 1 1 0 0 1 0 1 1 1 1 1 0 
X7 0 1 0 1 0 0 0 0 1 0 0 0 0 0 
X8 0 1 1 1 0 0 0 0 1 1 1 1 1 0 
X9 0 1 0 1 0 0 0 0 0 0 0 0 0 0 

X10 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
X11 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
X12 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
X13 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
X14 0 1 0 1 0 0 0 0 0 1 1 1 1 0 

Note: This matrix was derived from the total influence matrix T. 
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