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Abstract:

This study investigates the critical factors driving the implementation of Clean Development Mechanism
(CDM) projects in energy sector, with a focus on project managers and technical staff in Lucknow,
India. Using data collected from 100 respondents, Exploratory Factor Analysis (EFA) was employed to
identify seven key determinants influencing project success. The findings highlight the multidimensional
nature of CDM implementation, emphasizing how organizational, technical, and contextual elements
collectively shape project outcomes. The study underscores the importance of aligning managerial
practices with broader sustainability goals to ensure long-term viability of CDM initiatives. By offering
empirical evidence from a regional context, the research contributes to the growing discourse on energy
transition and provides actionable insights for policymakers, practitioners, and researchers seeking to
strengthen the role of CDM in India’s energy sector.
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1. Introduction

The Clean Development Mechanism (CDM), established under the Kyoto Protocol, has emerged as a
pivotal instrument for promoting sustainable development while enabling industrialized nations to meet
their emission reduction commitments. By facilitating investment in emission-reducing projects in
developing countries, CDM not only contributes to global climate goals but also fosters technology
transfer, capacity building, and economic growth. Within the energy sector, CDM projects hold
particular significance, as energy sector are both major contributors to greenhouse gas emissions and
critical enablers of sustainable development pathways.

Despite its potential, the implementation of CDM projects has faced challenges across diverse contexts.
Success depends not only on technical feasibility but also on institutional, managerial, and contextual
determinants that shape project outcomes. In developing countries like India, where energy demand is
rapidly increasing, CDM projects are expected to bridge the gap between sustainability imperatives and
developmental needs. However, the effectiveness of these projects is contingent upon identifying and
addressing the critical factors that influence their implementation.

The energy sector in India provides a fertile ground for examining CDM projects, given the country’s
dual focus on economic growth and environmental sustainability. Regional contexts, such as Lucknow,
highlight the importance of context specific studies that capture the perspectives of project managers and
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technical staff directly involved in implementation. These stakeholders play a decisive role in translating
policy frameworks into operational realities, making their insights crucial for understanding the
determinants of project success.

To systematically explore these determinants, this study employs Exploratory Factor Analysis (EFA), a
robust statistical technique for uncovering latent constructs from observed data. Ultimately, the study
contributes to the broader discourse on sustainable energy transitions by providing evidence-based
insights into the drivers of CDM project effectiveness. The findings are expected to inform researchers
in designing strategies that strengthen institutional capacity, enhance project viability, and align CDM
initiatives with national and global sustainability goals.

2. Review of Literature

Kumar et al. (2026) examined industrial CDM projects in India with a focus on carbon credit
generation and their economic implications. The study employed empirical analysis of project data to
assess the efficiency of CDM initiatives in industrial sectors. Findings indicated that industrial projects
contributed significantly to emission reduction targets while simultaneously generating tradable carbon
credits. The research highlighted the role of institutional frameworks and market mechanisms in
enhancing project viability. Conclusions emphasized that industrial CDM projects not only supported
India’s climate commitments but also created economic opportunities through carbon trading.

Chopra and Jain (2025) presented a sectoral analysis of CDM projects in India across energy, industry,
and waste management domains. The study utilized comparative evaluation of project records to identify
sector-specific strengths and weaknesses. Results demonstrated that energy-related projects dominated
in terms of volume and impact, while waste management projects faced implementation challenges. The
analysis underscored the importance of sectoral diversification to maximize CDM benefits. The
conclusion suggested that balanced sectoral participation could enhance sustainability outcomes and
strengthen India’s position in global carbon markets.

Alatalo et al. (2025) employed a scoping review to investigate the role of artificial intelligence in
reducing emissions within the energy sector. The study systematically reviewed recent advances in Al
applications for energy efficiency and emission reduction. Findings revealed that Al-driven models
improved predictive accuracy, optimized energy consumption, and supported real-time monitoring of
emissions. The research concluded that Al integration offered transformative potential for sustainable
energy development. The study emphasized that future CDM projects could leverage Al technologies to
enhance effectiveness and scalability.

Chang et al. (2024) developed a quantitative method for carbon emission reduction in electrochemical
energy storage systems based on CDM principles. The methodology involved modeling emission
reduction potential through process optimization and clean technology adoption. Results demonstrated
measurable reductions in carbon emissions when CDM frameworks were applied to energy storage
systems. The study concluded that electrochemical storage could serve as a critical enabler of
sustainable energy transitions. The findings reinforced the relevance of CDM in advancing innovative
energy technologies.

Jang et al. (2023) examined risk management strategies for methane reduction CDM projects in rice
paddy fields. The study employed field-based assessments and risk modeling to evaluate project
vulnerabilities. Findings indicated that methane reduction projects faced risks related to climatic
variability, monitoring accuracy, and stakeholder participation. The research highlighted the need for
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robust risk management frameworks to ensure project sustainability. Conclusions emphasized that
effective risk mitigation enhanced the credibility and long-term success of agricultural CDM projects.
Akpan and Olanrewaju (2023) presented a historical and contemporary review of sustainable energy
development. The study traced the evolution of energy systems and highlighted recent advances in
renewable technologies. Findings revealed that policy frameworks, technological innovation, and
international cooperation were central to sustainable energy progress. The research concluded that CDM
projects represented a critical mechanism for integrating sustainability into energy development. The
study emphasized that lessons from history informed future pathways for energy transition.

Cadman and Hales (2022) analyzed COP26 outcomes and proposed a framework for future global
agreements on carbon market integrity. The study employed policy analysis to evaluate the implications
of COP26 decisions for CDM and related mechanisms. Findings underscored the importance of
transparency, accountability, and integrity in carbon markets. The research concluded that robust
governance frameworks were essential for sustaining confidence in CDM projects. The study
highlighted that future agreements must prioritize market integrity to ensure long-term effectiveness.
Bhausaheb and Kesarkar (2021) studied the concept of Clean Development Mechanism through a
descriptive analysis. The research outlined the principles, objectives, and operational structures of CDM.
Findings indicated that CDM provided dual benefits of emission reduction and sustainable development.
The study concluded that awareness and capacity building were critical for effective CDM
implementation. The research emphasized that conceptual clarity strengthened stakeholder participation
and project success.

Bhattacharjee (2020) employed a dissemination framework to accelerate the adoption of energy-
efficient appliances and lighting products in Bangladesh’s off-grid market. The study utilized a
mechanism-based approach to evaluate sales uptake and consumer behavior. Findings revealed that
dissemination frameworks enhanced market penetration and supported sustainable energy adoption. The
research concluded that enabling mechanisms were vital for scaling energy-efficient technologies. The
study emphasized that CDM principles could be applied to household energy efficiency initiatives.
Bishan (2019) examined the development mechanism of energy industry clusters in the context of the
new normal economy. The study employed structural analysis to assess the role of clusters in energy
sector growth. Findings indicated that industry clusters promoted innovation, resource sharing, and
sustainable practices. The research concluded that clustering mechanisms strengthened the resilience and
competitiveness of the energy sector. The study emphasized that CDM projects could benefit from
cluster-based approaches to enhance implementation outcomes.

Research Gap

Although the Clean Development Mechanism (CDM) has been widely studied in the context of global
climate policy and industrial applications, significant gaps remain in understanding its context-specific
implementation within the Indian energy sector. A location-wise gap exists because most prior research
has concentrated on national or international perspectives, with limited empirical evidence from specific
regions such as Lucknow, where contextual realities, managerial practices, and institutional capacities
may differ substantially. A CDM gap is evident in the limited number of studies that employ robustness
statistical techniques, such as Exploratory Factor Analysis (EFA), to systematically identify and validate
the determinants of project success from the perspective of practitioners directly engaged in project
execution. Furthermore, an energy sector gap persists, as existing literature has often emphasized
industrial or waste management projects, leaving insufficient focus on the multidimensional drivers of

IJFMR260587769 Volume 8, Issue 5, September-October 2026 3



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

success within energy sector, which are central to emission reduction and sustainability outcomes. By
conducting a survey of 100 project managers and technical staff in Lucknow, this study addresses these
gaps by providing empirical, practitioner-driven insights into the determinants of CDM project success
in the energy sector, thereby contributing to both academic discourse and practical policy formulation.

3. Research Objective

The primary objective of this study was to identify and analyze the critical factors influencing the
successful implementation of Clean Development Mechanism (CDM) projects in energy sector, with
specific reference to the regional context of Lucknow, India. The research aimed to systematically
examine the perceptions of project managers and technical staff, who play a pivotal role in
operationalizing CDM initiatives, through the application of Exploratory Factor Analysis (EFA). The
objective was to uncover latent constructs that explain the multidimensional drivers of CDM project
success, thereby bridging the existing gaps in literature related to context-specific determinants,
methodological robustness, and sector-specific insights.

4. Research Methodology

The present study adopted a structured methodology to investigate the critical factors driving Clean
Development Mechanism (CDM) implementation in energy sector. The approach was designed to
ensure robustness, empirical validity, and contextual relevance, with emphasis on statistical analysis and
practitioner perspectives. The methodology encompassed research design, sample area, respondents,
sampling technique, data collection, and analytical tools, each of which is elaborated below.

Research Design

The study employed a descriptive and exploratory research design, which was appropriate for
systematically analyzing perceptions and experiences of stakeholders involved in CDM projects. This
design facilitated the identification of latent constructs and patterns that influence project success,
thereby aligning with the study’s objective of uncovering multidimensional determinants.

Data Collection

The study relied on primary data collection through structured surveys, administered to project managers
and technical staff in the sample area. The survey instrument was designed to capture perceptions on
implementation challenges, success drivers, and contextual realities of CDM projects. The use of a five-
point Likert scale facilitated quantitative measurement of responses, ensuring consistency and
comparability across the dataset.

Sample Area

The research was conducted in Lucknow, India, a region selected due to its growing energy sector
activities and relevance to CDM project implementation. The location provided a representative context
for examining context-specific determinants of success, bridging the gap between national-level policy
discourse and regional-level operational realities.

Sample Respondents

The target population comprised project managers and technical staff directly engaged in CDM projects
within the energy sector. These respondents were chosen because of their critical role in translating
policy frameworks into operational practices, making their insights essential for understanding project-
level success drivers. A total of 100 respondents participated in the survey, ensuring adequate
representation for statistical analysis.
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Sampling Technique

A purposive sampling technique was employed to select respondents who possessed relevant expertise
and direct involvement in CDM project implementation. This approach ensured that the data collected
reflected informed perspectives, thereby enhancing the reliability and validity of the findings.

Reliability Statistics

Reliability statistics were employed to ensure the internal consistency and dependability of the
measurement instrument used in this study. The survey responses collected from 100 project managers
and technical staff in Lucknow were subjected to reliability testing using SPSS v26.0, with Cronbach’s
Alpha serving as the primary indicator of scale reliability. This test assessed the degree to which the
items within each factor grouping were correlated and consistently measured the intended constructs. A
Cronbach’s Alpha value above the generally accepted threshold of 0.70 was considered indicative of
satisfactory reliability, thereby confirming that the statements included in the instrument were coherent
and stable in capturing the determinants of Clean Development Mechanism (CDM) implementation in
energy sector.

Tools and Tests

The data were analyzed using SPSS v26.0 (IBM Statistics Tool), which provided robust capabilities for
statistical examination. Exploratory Factor Analysis (EFA) was applied to identify underlying constructs
and reduce data complexity, enabling the extraction of critical factors that explained the determinants of
CDM project success.

This methodology ensured that the research was empirically grounded and contextually relevant, thereby
providing a comprehensive framework for analyzing the success determinants of CDM projects in the
energy sector.

5. Data Analysis

The analysis of data in this study was undertaken with the objective of identifying the underlying
determinants that influence the successful implementation of Clean Development Mechanism (CDM)
projects in the energy sector. A structured dataset was obtained through a primary survey of 100 project
managers and technical staff in Lucknow, India, and processed using SPSS v26.0 to ensure quality and
reliability. The analytical framework was designed to move beyond descriptive statistics by employing
Exploratory Factor Analysis (EFA), which enabled the extraction of latent constructs from observed
variables. This approach facilitated the reduction of data complexity while preserving the integrity of
responses, thereby allowing for the identification of coherent factor groupings that explain project
success.

Table 1: Reliability Statistics

Cronbach's Alpha N of Items

.826 25

Source: Primary Data Analyzed by Reseacher Using SPSS v 26.0

The reliability analysis produced a Cronbach’s Alpha value of 0.826 across 25 items, indicating a high
level of internal consistency within the measurement instrument. This result confirmed that the
statements used to assess the determinants of Clean Development Mechanism (CDM) implementation in
energy sector were strongly correlated and measured the intended constructs in a stable manner. A
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coefficient above the threshold of 0.70 is generally considered acceptable, and the obtained value
demonstrated that the scale was both reliable and suitable for further statistical procedures, including
Exploratory Factor Analysis (EFA). The reliability statistics thus validated the robustness of the survey
instrument and ensured that the findings derived from the data were dependable for academic and
policy-oriented conclusions.

Table 2: KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 720
Approx. Chi-Square 1282.889
Bartlett's Test of Sphericity df 300
Sig. .000

Source: Primary Data Analyzed by Reseacher Using SPSS v 26.0

The Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy yielded a value of 0.720, which falls
within the acceptable range for factor analysis. A KMO value above 0.70 indicates that the dataset is
suitable for identifying underlying constructs, as the variables share sufficient common variance to
justify the application of Exploratory Factor Analysis (EFA). The Bartlett’s Test of Sphericity produced
an Approximate Chi-Square value of 1282.889 with 300 degrees of freedom and a significance level of
0.000. The significance value being less than 0.05 confirmed that the correlation matrix was not an
identity matrix, meaning that the variables were sufficiently interrelated to proceed with factor
extraction. Together, these results validated the appropriateness of the dataset for factor analysis,
ensuring that the subsequent extraction of factors would be statistically meaningful and reliable in
explaining the determinants of Clean Development Mechanism (CDM) implementation in energy sector.

Table 3: Factor Analysis

Factor Statements Factqr Mean Average
Loading Mean
Sufficient coo_pganon with 0.927 321
regulatory authorities.
Feedback  mechanisms  were
. . : 4.12
established and actively used. 0889
The project goals were clearly
defined and communicated to all | 0.787 3.39
Institutional and stakeholders. 353
Regulatory Support Community participation '
significantly ~ contributed  to | 0.77 3.38
project success.
Capacity-building initiatives were
structured to strengthen technical
and institutional skills for long- 0515 357
term project sustainability.
Stakeholder and Timely monitoring and | 0.882 3.84 3.85
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Community Engagement

evaluation ensured continuous
improvement.

Impact on the environment was

thoroughly assessed and well- | 0.792 3.73
documented.
Local economic participation and
_stakeholder qulvement V\{ere 0.763 357
integrated to reinforce project
viability.
Strong leadership and
management skills among project | 0.71 4.16
staff.
Adequate financial planning and
budgeting  supported  timely | 0.369 3.97
implementation.
Stakeholders  were  regularly
informed and consulted during | 0.784 3.69
the project cycle.
_ o !\/Ialntenance_ and post- 0.771 3.8
Capacity Building and implementation support.
— . 3.65
Human Resources Sustainability in carbon credit
mechanisms  enhanced the | 0.71 3.56
project’s financial viability.
Transparency |n. financial and 0.565 354
operational reporting.
Government support and
frameworks provided an enabling
: . 0.889 3.67
environment for project initiation
and execution.

_ _ _ Regular |mprovement_ i o oes 3.75
Financial Planning renewable energy technologies. 3.63
and Sustainability The availability of skilled labor '

influenced overall project | 0.642 3.31
outcomes.
Technical training was
effectively provided to local | 0.526 3.8
personnel.
Collaboration between public and
Technological Readiness prl\{atel se'cto'rs: strengthened the | 0.88 3.7
. project’s viability. 3.64
and Innovation Project planning was aligned with
roject planning g 0.822 3.57

local  energy  requirements,
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ensuring relevance to regional
needs.
The project had rellablt.a access to 0.707 367
clean energy technologies.
Risk assessments were properly
Monitoring and f:onducted _ before | 0.632 3.48
Evaluation implementation. 3.67
Project timelines were
stra.teglcally designed to match 0.571 3.86
available resources and
operational capacity.
Project  design incorporated
regional, cultural, and
Project Design and environmental considerations to | 0.671 3.56
Operational Efficiency enha_mf:g acceptance and 364
feasibility.
Supply chain and logistics were 0.599 3.7
efficiently managed.

Source: Primary Data Analyzed by Reseacher Using SPSS v 26.0

e Institutional and Regulatory Support

This factor reflected the importance of cooperation with regulatory authorities, government frameworks,
and transparency in reporting. High factor loadings indicated that effective communication of project
goals, structured feedback mechanisms, and risk assessments were essential for ensuring compliance and
credibility. The average mean score of 3.53 suggested that respondents perceived institutional and
regulatory support as a strong determinant of CDM project success, emphasizing the enabling role of
governance structures and oversight mechanisms.

e Stakeholder and Community Engagement

This factor highlighted the role of community participation, local economic involvement, and leadership
in reinforcing project viability. Strong loadings for monitoring, environmental assessment, and
leadership skills demonstrated that stakeholder engagement was not only participatory but also strategic
in shaping outcomes. With an average mean of 3.85, this factor emerged as one of the most influential,
underscoring that inclusive participation and effective leadership significantly enhanced CDM project
sustainability.

e Capacity Building and Human Resources

This factor emphasized the importance of strengthening technical and institutional skills through
capacity-building initiatives, leadership development, and stakeholder communication. The presence of
maintenance support and clarity of project goals further reinforced the role of human resources in
sustaining long-term outcomes. The average mean of 3.65 indicated that respondents recognized
capacity building as a critical enabler of project success, ensuring that technical expertise and
institutional readiness were aligned with CDM objectives.

IJFMR260587769 Volume 8, Issue 5, September-October 2026 8



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

e Financial Planning and Sustainability

This factor captured the significance of financial planning, carbon credit mechanisms, and government
support in ensuring project viability. The inclusion of renewable energy improvements and skilled labor
availability highlighted the financial and operational dimensions of sustainability. With an average mean
of 3.63, the findings suggested that adequate budgeting, transparent reporting, and supportive
frameworks were vital for timely implementation and long-term financial stability of CDM projects.

e Technological Readiness and Innovation

This factor represented the role of technological advancement, access to clean energy technologies, and
collaboration between public and private sectors. High loadings for project alignment with local energy
needs and efficient supply chain management demonstrated that innovation and readiness were central to
operational success. The average mean of 3.64 indicated that respondents valued technological readiness
as a determinant of project viability, reinforcing the need for continuous innovation in renewable energy
sector.

e Monitoring and Evaluation

This factor underscored the importance of timely monitoring, environmental impact assessment, and risk
evaluation in ensuring continuous improvement. Strategic project timelines and reliable access to clean
technologies further strengthened the monitoring framework. With an average mean of 3.67, this factor
highlighted that systematic evaluation processes were essential for maintaining accountability,
improving efficiency, and sustaining CDM project outcomes over time.

e Project Design and Operational Efficiency

This factor focused on the integration of regional, cultural, and environmental considerations into project
design, alongside efficient logistics and supply chain management. The average mean of 3.64 suggested
that respondents recognized operational efficiency and context-sensitive design as critical for project
acceptance and feasibility. The findings emphasized that well-structured design and effective resource
management enhanced both stakeholder trust and project sustainability.

6. Conclusion

The study on Critical Factors Driving Clean Development Mechanism Implementation in Energy Sector
concluded that the success of CDM projects is shaped by a combination of organizational, technical, and
contextual determinants. Through the application of Exploratory Factor Analysis (EFA) on survey data
collected from 100 project managers and technical staff in Lucknow, critical factors were identified that
collectively explain the multidimensional nature of CDM implementation. The findings highlighted that
project success is not solely dependent on policy frameworks or financial incentives but also on
managerial practices, institutional capacity, and operational efficiency. The research provided empirical
evidence that context-specific perspectives are essential for understanding the practical challenges and
opportunities of CDM projects in the energy sector. Overall, the study reinforced the importance of
integrating quality with practitioner insights to generate actionable knowledge for sustainable energy
transitions.

7. Future Implications

The implications of this research extend beyond the immediate context of Lucknow and contribute to the
broader discourse on climate governance and sustainable energy development. The identification of
critical success factors offers practitioners a framework for designing more effective CDM strategies
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that align with national and global sustainability goals. Future CDM projects can benefit from enhanced
institutional support, improved monitoring mechanisms, and greater stakeholder engagement to ensure
long-term viability. The study also suggests that similar context-specific analyses across different
regions could provide comparative insights, strengthening the adaptability of CDM frameworks in
diverse contexts.
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