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Abstract: This paper introduces an innovative cooperative model for energy efficiency retrofitting that
incorporates carbon emission rights, addressing critical financial constraints in Energy Performance
Contracting (EPC). By employing the fuzzy analytic hierarchy process (F-AHP) to evaluate risk
assessment indicators and stakeholder contributions and utilizing the enhanced Shapley method
for equitable benefit distribution, the model demonstrates significant improvements in financing
and efficiency for energy conservation projects. The findings are as follows: (1) the energy efficiency
retrofit model, which integrates carbon emission rights, effectively alleviates the financial constraints
and fosters energy conservation and emission reduction in guaranteed-savings EPC projects; (2) the
enhanced Shapley method is deemed appropriate for the equitable distribution of energy-saving
benefits among stakeholders; (3) when compared with the traditional model and the benefit allocation-
absent carbon rights, the energy-saving benefits of the energy efficiency retrofit model incorporating
carbon emission rights are higher in individual and overall terms. The findings of this study offer
a viable solution to financing challenges faced by stakeholders in such projects and delineate a
pragmatic approach for enterprises to enhance energy efficiency and reduce emissions.

Keywords: energy efficiency retrofit cooperation model; carbon credits; improved Shapley value
method; fuzzy analytic hierarchy process (F-AHP)

1. Introduction

In the production and operation of enterprises, energy conservation has become the
consensus among energy users under the dual pressure of energy cost and environmental
deterioration. Energy Performance Contracting (EPC) represents an energy-saving agree-
ment between a customer and an energy service company (ESCO), efficiently harnessing
the unique strengths and capabilities of both parties to realize significant energy savings
and enhance efficiency. Initially introduced in China in 1998, the EPC contract management
model has, after years of development, proven its operability and effectiveness, garnering
widespread recognition [1]. By 2018, the scale of China’s EPC energy-saving renovation
projects had reached CNY 117.1 billion, with energy savings of 39.3 million tons of standard
coal and CO; emission reductions of 106.5 million tons. EPC has played an irreplaceable
role in China’s energy-saving and emission reduction business.

However, while EPC has a broad application prospect, it also has certain shortcomings,
particularly in the realm of project financing. In the energy-saving renovation service,
ESCOs obtain the power to share benefits by assuming funds and risks and providing
technology. On the one hand, Chinese ESCOs are mainly small- and medium-sized private
enterprises based on technology; on the other hand, their asset-light nature precludes
them from offering sufficient physical collateral or securing loan guarantees. This has led
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to serious information asymmetry between ESCOs and banks, improved the risk level
of ESCO loans, and exacerbated financing challenges [2]. Hence, devising a viable and
rational financing model is crucial for enhancing the success of EPC projects and mitigating
execution risks.

After the Kyoto Protocol’s implementation in February 2005, carbon quotas and
trading became key methods for regulating carbon emissions. In 2017, authorized by the
State Council, China officially launched its comprehensive carbon emission trading system
with the National Development and Reform Commission’s plan for the electricity industry.
Carbon emission rights circulate in designated markets as tradable products. EPC projects
reduce carbon emissions while saving energy. According to China’s Ministry of Ecology
and Environment, saving one unit of electricity equates to reducing 0.4 kg of coal and
0.272 kg of carbon emissions. In particular, renovating high-energy units like power plants
significantly enhances emission reductions. Consequently, utilizing carbon rights as a
financial asset is a viable approach. Additionally, EPC projects distribute revenue based
on contracts between partners [3]. While this approach is straightforward, it is highly
subjective and lacks control, hindering the equitable and scientific consideration of each
partner’s contributions and risks. Its ease of operation contrasts with its subjectivity, which
challenges fair and scientific evaluations of inputs and risks.

This study introduces a novel cooperative model for EPC that integrates carbon
emission rights into the financial structuring of energy-saving projects. By incorporating
carbon rights as tradable assets, our model aims to mitigate the financing barriers that have
historically limited the scalability of EPC initiatives. The integration of carbon emission
rights not only provides a new avenue for funding but also enhances the appeal of EPC
projects in the context of global carbon reduction targets.

Our approach utilizes the enhanced Shapley method to ensure a fair distribution of
benefits among stakeholders, which is critical for maintaining commitment and cooperation
throughout the project lifecycle. This methodological innovation is supported by the fuzzy
analytic hierarchy process (F-AHP), which helps quantify the contributions and risks of all
parties involved.

The marginal contributions of this paper include the following: (1) it proposes a
new EPC model that leverages carbon emission rights, providing a fresh perspective on
overcoming financial challenges in energy conservation projects; (2) it establishes an impact
indicator system for EPC projects that incorporates stakeholder risks, contributions, and
carbon trading benefits, enhancing the transparency and equity of benefit distribution;
and (3) through case studies, it demonstrates the effectiveness of this model in improving
financial viability and stakeholder benefits, offering a robust solution to the challenges of
traditional EPC projects. This paper fills a significant gap in the literature by linking carbon
credit trading with EPC financing and benefit-sharing mechanisms, paving the way for
more sustainable and economically feasible energy conservation efforts.

The rest of this paper is organized as follows: Section 2 is a literature review, Section 3
introduces the methodology, Section 4 presents a case study, Section 5 is a discussion, and
the Section 6 is a conclusion.

2. Literature Review
2.1. Cooperation Model of EPC

Energy Performance Contracting (EPC), an innovative energy conservation mecha-
nism, was first introduced in Western developed countries during the 1970s [4]. Yik F. W. H
and other scholars [5] considered EPC as a business strategy to help owners overcome fi-
nancial difficulties and improve their energy efficiency. At the same time, as a return on the
energy-saving investment, the energy service company (ESCO) will share the energy-saving
benefits with the customer. Sorrell S [6] posited that ESCOs empower customers to address
energy inefficiencies, thereby reducing operational expenses, mitigating risks, and concen-
trating on their primary activities. Aasen M et al. [7] saw EPC as a promising business
model that can significantly increase revenue. From the above studies, it can be seen that
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the operation mechanism of this model is that ESCOs provide a series of services to their
customers after signing energy-saving service contracts and receive revenue by sharing the
energy-saving benefits with them after the implementation of the project. These services
include but are not limited to energy efficiency feasibility analysis, project design, financing,
equipment procurement, equipment installation and commissioning, equipment operation
management and assurance, personnel training, and energy savings monitoring.

The Energy Performance Contracting (EPC) model is now widely implemented across
a diverse range of applications in various developed countries. Researchers have accumu-
lated achievements and experiences in areas such as the EPC model and the development
of ESCOs. Paolo B. and other scholars [8] detailed the evolution of the ESCO industry
in selected European and American countries, focusing on government support and the
current industry status. Edward V [2] summarized the development trend of EPC in Europe
and the United States and why the EPC model was hindered. He also made suggestions
for the future development of ESCOs. After surveying the development of the European
energy-saving services market, Paolo B et al. [8] outlined how the EPC model can be pro-
moted. From multiple case studies, Polzin [9] concluded that EPC significantly mitigates
financial and technical risks for energy users.

As research continues, more scholars are studying the EPC model in detail. Frangou
M et al. [10] studied the application of the EPC model to the tertiary sector in Greece.
They concluded that applying the EPC model to the tertiary sector has great potential for
exploitation, especially in the southern European region. Principi P et al. [11] assessed the
economic viability of various energy retrofit measures within EPC contracts, utilizing three
acute care hospitals and two community clinics in Italy as case studies. Rochas C et al. [12]
studied energy retrofits in Latvian residential buildings. They found that the housing
sector is a massive energy consumer, accounting for 40% of total energy consumption.
Utilizing the EPC model emerges as an effective strategy to encourage such retrofits. Based
on the current status of the EPC development model, Wang et al. [13] summarized the
factors affecting the model by different participants. Yang et al. [14] used the survey to
summarize the current situation of China’s energy-saving service market, focusing on the
operation mechanism of EPC. Shen et al. [15] conducted an analysis of China’s ESCOs and
proposed recommendations to foster the growth of EPC within the country. Zhang et al. [16]
introduced the concept of whole-process property energy management for enhancing com-
mercial building energy efficiency, pioneering a new research domain for the application of
EPC in public structures. Some scholars also focused on the financing methods of contract
energy management and the applicability of the EPC model. Zhu et al. [17] pointed out
that ESCOs must ensure sufficient cash flow when undertaking and implementing EPC
projects. Financing becomes a necessary option when the company has cash flow problems.
Chen et al. [18,19] highlighted the broad applicability of EPC. Thus, it can be seen that the
above scholars have studied the application of the EPC model in different fields.

Energy Performance Contracting (EPC) features various models. Four principal EPC
business models exist: the Share Savings Model, the Guaranteed Savings Model, the
Energy-cost Trust Model, and the Finance Lease Model [20] (Table 1). Notably, the Share
Savings Model is the most prevalent among EPC projects [21]. In this model, ESCOs are
responsible for providing the necessary funding and energy efficiency services for the
project. Throughout the contract term, the ESCOs and customers jointly share the energy
savings benefits as stipulated in the energy-saving service agreement. At the contract’s
conclusion, the customer assumes ownership of the project [22,23].
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Table 1. The models of EPC.
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benefits

In the context of revenue allocation, the EPC model necessitates the distribution of
interests among diverse participants, which is a critical factor influencing the seamless
execution of EPC projects. By building a bargaining game model, Yang et al. [24] derived a
reasonable benefit allocation ratio between customers and ESCOs. Zeng et al. [25] analyzed
the principle of EPC, designed the benefit allocation process, used the hierarchical analysis
and fuzzy comprehensive evaluation method to establish the benefit allocation index
system, and constructed the benefit allocation model. Jia et al. [26] explored strategies for
optimizing energy consumption and benefit distribution among multiple entities within
an industrial park, applying the Shapley method to analyze the economic and benefit
distribution aspects of a specific industrial park in Sichuan. Shang et al. [27] used the
Shapley value method as a tool to derive a revenue allocation scheme for EPC projects,
which was validated using arithmetic examples. The study results show that the Shapley
value method can better solve the problem of benefit distribution among the stakeholders
of EPC projects. Although there are multiple stakeholders involved in the model when
studying the EPC model, few scholars have further studied how the benefits are distributed
among the stakeholders. Most scholars currently prefer the Shapley value method of the
benefit allocation model.

In addition, some scholars have studied carbon emissions together with EPC. Nolden C
and Sorrell S [28] studied EPC in the UK. Their findings suggest that energy service contracts
could be essential in transitioning to a low-carbon economy, but their potential is still
limited by high transaction costs. Polzin F et al. [29] posited that German municipalities face
financial and capacity limitations in adopting new energy efficiency technologies for climate
change mitigation, yet these challenges could be addressed through outsourcing via energy
service contracts. Wang et al. [30] studied the problems in promoting the EPC model. They
pointed out that China’s energy-saving service industry has made positive achievements,
and the promotion of EPC is instrumental in supporting China’s goals of carbon peaking
and neutrality. Wang et al. [31] proposed the prospect of a better implementation of the
market-based mechanism of EPC in Beijing, taking Beijing’s actual and dual carbon strategy
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as an example. Despite the aforementioned scholars’ examination of EPC’s role in carbon
emission reduction, there remains a paucity of research on integrating carbon trading
within the EPC framework.

2.2. Revenue of EPC

Revenue is one of the core issues of the EPC model. The literature indicates that EPC
model benefits are categorized into three domains: economic, social, and environmental,
impacting both enterprises and governments. Liu et al. [32] illustrated the above point
using a benefit distribution model constructed using Shapley values for the building
industry. They pointed out that while building owners achieve energy-saving targets
through energy efficiency retrofits, they also bring external benefits to society and the
public. F Pagliaro et al. [33] discovered that the EPC model furnishes data essential
for tracking energy policy evolution and enhancing energy performance. In addition,
the EPC model pushes local governments to make more potent energy and sustainable
development policies. As a result, EPC is highly regarded by the public for delivering
superior energy efficiency services and significant improvements in energy efficiency.
J. Curtis et al. [34] further demonstrated that EPC serves as an energy policy instrument
capable of forecasting potential energy savings and informing policymakers to enact
decisions that benefit economic agents and society. However, the payback period for
energy efficiency retrofits usually exceeds five years. Economic agents may be reluctant
to pursue retrofits despite potential spillover effects in the initial stages, as these are
overshadowed by short-term self-interest. Based on this, Liu and others suggested that
government departments use financial subsidies and other policy incentives to encourage
economic agents to implement the transformation [32].

In terms of the project’s environmental benefits, Abela et al. [35] pointed out that
although actual CO, emissions may be slightly higher than estimated for EPC projects,
EPC still plays a substantial role in monitoring energy consumption. Concurrently, the EPC
model actively investigates methods to enhance energy conservation, offering a variety
of technical solutions derived from service provider models for customer selection [36].
In addition, Dewide [37] has research showing that different behavioral patterns of customer
energy demand can also lead to discrepancies in energy savings. Such discrepancies
often emerge between the projected energy usage during initial design and the actual
consumption during operation.

2.3. Risks of EPC

The operation of EPC projects is also accompanied by the question of whether the
economic entities, namely customers and third-party energy-saving companies, need to
bear financial risks and contract risks. Risks to the customer include whether the company’s
costs of running the energy efficiency project are less than the benefits and the risk of
financing the project. Lee [38] posited that clients’ primary considerations when engaging
in EPC projects involve the anticipated long-term payback period, project intricacy, and
their capacity to service the loan upon disbursement. Furthermore, customers express
a desire to increase the implementation of three practical EPC measures in the future,
including government-backed loans, to ease their concerns about loan repayments.

The risks faced by ESCOs are mainly related to contractual risks. G. Papachris-
tos et al. [39] argued that whether an ESCO will have a good balance depends on the
contract regarding the EPC project and the risk allocation with the third-party company.
The contract between the ESCO and the third-party company also involves a certain degree
of risk, such as the terms of service, equipment operation, energy prices, and financial
credit. To mitigate such risks, the roles and responsibilities of the ESCO and the third-party
service provider must be explicitly delineated within the contract. Typical contractual
elements include the transfer of control from the customer to the ESCO, especially for
building energy equipment and services, alongside the obligation to consistently enhance
operational performance. S. Sorrell and other scholars [6] argued that the ESCO’s scope
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of responsibility should fall within the realm of EPC services and the depth of expertise
involved. The scope of EPC services outlines the technologies and systems the contrac-
tor should control to save energy. Conversely, the depth of EPC entails the contractor’s
responsibility to oversee the services provided to third parties, thereby mitigating the risks
borne by the ESCO. Services include but are not limited to purchasing energy commodities,
energy audits, project design, and engineering, project financing, equipment specification,
procurement, installation, commissioning and maintenance, and the operation and control
of equipment. Larsen et al. [40] also showed that contracts provided by ESCOs include
work related to energy efficiency and additional services, such as installation, operation,
and maintenance costs, that ESCOs usually have to cover to improve the quality of their
services. Service contracts are critical for ESCOs as they define the risks inherent to energy
efficiency service provision.

The literature review reveals several potential limitations associated with Energy
Performance Contracting (EPC) implementation. One significant barrier is the financial
risk borne by energy service companies (ESCOs), especially in markets where there is
limited access to upfront capital. Additionally, contractual and operational risks, such as
disagreements over savings calculations and performance guarantees, can deter project
initiation. There is also the issue of technological mismatches and the scalability of projects
across different industries or geographical regions, which may not be suitably addressed
by a one-size-fits-all EPC model. Furthermore, regulatory uncertainties and the lack
of standardized methodologies for measuring and verifying savings compound these
challenges, hindering the broader adoption of EPC initiatives.

3. Methods
3.1. Method Selection

The Nash negotiation model, the simplified MRCS method, the core method, or the
Shapley value method have been used to consider external stakeholders as dynamic al-
liances. In the case of EPC contract energy management projects, the members of the
alliance undertake energy efficiency projects on an agreed basis, requiring a highly imple-
mentable, operational, and scientifically sound approach. The simplified MRCS method is
not well targeted, the core method is difficult to guarantee the existence of an allocation
scheme, and the Nash negotiation model is not very adaptable and difficult to operate.
In contrast, the Shapley value method can reflect the contribution of each member to the
alliance’s overall objectives, making it more reasonable and fair than other distribution
methods based on the value of resource input, resource allocation efficiency, and a combi-
nation of both. Once corrected by considering relevant factors, it ensures the uniqueness
of the distribution method, strong adaptability, and ease of operation. Allocating the final
total income based on members’ contributions circumvents absolute egalitarianism. Based
on the value of resource input and efficiency as the basis for distribution, it also reflects
the game process among alliance members. With its superior performance in multi-party
cooperative game-playing and benefit distribution, the Shapley value method has been
widely applied.

In this paper, the main participants in the EPC project, the biopower plants and the en-
ergy service company, are analyzed, and the Shapley value method is selected as the initial
benefit allocation method for the problem. To address the problems of risk egalitarianism
and effort egalitarianism in the Shapley method, a risk system and effort level index system
were established in line with the characteristics of EPC contract energy management, and
the Shapley method was revised as a standard to obtain the revised Shapley method, which
was used as the basis for the distribution of project members’ benefits.

3.2. Key Stakeholders
3.2.1. Energy Service Company (ESCO)

Energy service companies (ESCOs) are one of the main players in energy efficiency
projects, and their main role is to act as a professional service provider to provide technology
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and solutions for energy efficiency retrofitting targets, which is one of the main routes.
As a service provider, the ESCO does not need to provide a large amount of capital to
carry out the project, while it applies the technology and services as leverage to claim the
benefits. In the guaranteed energy savings model, the ESCO needs to guarantee that the
agreed energy savings are achieved; otherwise, it will have to make up for the unachieved
energy savings itself, and the risks borne by the ESCO will include the usual operational
and cooperation risks.

3.2.2. Power Plants

As the client, power plants are the target and primary initiators of energy efficiency
retrofit projects. ESCOs are considered when power plants are operating inefficiently or
facing government penalties for excessive emissions. In the case of retrofit projects, the
power plant is required to cooperate fully with the ESCO in the construction of the retrofit,
and in most cases, the power plant is required to finance the retrofit and bear the main
financial risk.

In the context of carbon neutrality, carbon emission reductions (certified voluntary
emission reductions (CCERs)) resulting from the rational operation of companies can
also be traded as financial products in specialized markets after they have been officially
certified. This means that the power plant, as the main source of carbon emissions reduction,
will have the opportunity to earn additional revenue in addition to the revenue from
electricity generation and will have a greater incentive to undertake energy efficiency
improvement projects.

3.2.3. Financial Institutions

In the execution process of energy-saving renovation projects, there are often financial
difficulties due to the needs of operation or a short-term large amount of funds. In this case,
the power plant, as the main lender, needs to put forward the financing demand to the
financial institution and take the corresponding assets as collateral. In return, the financial
institution will allocate part of the income from the energy-saving transformation project,
or the power plant will directly pay the corresponding interest.

3.3. Cooperation Models
3.3.1. General Model for Energy Efficiency Retrofit Projects

In this model, there are three members: the power plant, the ESCO, and the financial
institution (Figure 1). The power plant, as the initiator and recipient of the energy efficiency
project, needs an implementer who can contribute it to complete the energy efficiency
project on the one hand and financial support to meet the capital requirements of the energy
efficiency project on the other. In return, the power plant will share the additional benefits
of the energy savings with the energy efficiency service provider and in the case of the
financial institution, both interest payments and benefit sharing.

Financial

Institution

Figure 1. Energy-saving retrofit projects.
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3.3.2. A Model for Energy Efficiency Retrofit Projects That Include Carbon Credits

The main difference between this model and the previous model is the introduction of
tradable carbon credits, with the power plant working with the energy efficiency service
company and the power plant working with the financial institution in the usual way; i.e.,
providing a service and receiving a fee (Figure 2). However, the biggest problem with
the former model is the effectiveness of the energy efficiency retrofitting project. None
of the three partners can guarantee the successful completion of the project, and as the
income generated from the retrofit is only in the form of cost savings from energy savings
or efficiency gains from equipment upgrades, with no additional benefits, this means that
the plant can neither guarantee the success of the project nor ensure that it will deliver
significant benefits, which greatly affects the confidence and commitment of the project
implementers and increases the probability of failure of the retrofit project.

Financial

Institution

Benefits
from
trading
carbon

rights

Emission
reduction
deals

Purchasers
of carbon
credits

Figure 2. Energy efficiency retrofit projects considering carbon rights.

To this end, the introduction of tradable carbon credits, particularly in power plants
that do not generate electricity in a clean manner, allows the plant to reduce its consumption
of government-allocated carbon credits through energy efficiency retrofits, thereby using
the savings to trade for funds and even, in some biomass plants, to receive additional
state-certified voluntary emission reductions for market trading and additional revenue
due to their outstanding contribution to emissions reduction. This part of the revenue
comes from the purchasers of carbon credits (e.g., smelters of high energy-consuming and
high-emission units with large carbon emission needs), who are also important members
of this model. This model can increase the power plant’s expectation of the benefits of
an energy efficiency project, thus significantly increasing the probability of successful
completion of the project.

3.4. EPC Project Benefit Sharing Methodology
3.4.1. Initial Allocation

The specific symbol meanings in the formula are shown in Table 2.
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Table 2. Explanation of symbol in formula.
Symbol Explanation
E Energy-saving service companies
C power plants
I members of the alliance
v(s payoff function
¢i(v) benefits of member i
R; risk of member i
I; input of member i
S; effort of member i
AY;(v) excess benefits of member i
If carbon rights input of member i
AYf(v) excess benefits considering carbon rights
¢i(v) benefits of member i
R; risk of member i

Source: Compiled by the author.

Assuming a coalition of cooperating members I = {1,2,---,n}, any subset s of
the coalition I corresponds to a payoff function v(s), and that payoff function satisfies

the following.
U(Slmsj)zo ] = N
{ o(s;Usj) > o(s;) +0(s)) (,j=12-,n)

Call (I,v) an n-person cooperative game, where v is the characteristic function of the
game, and the benefit (Shapley value) allocated to member i of the cooperative coalition
from the cooperative coalition is

¢i(0) = Y w(ls][o(s) — v(s\)]

i<s
where w(|s|) = w is a weighting factor, |s| is the number of members in
coalition s, s\i denotes the exclusion of member i from coalition s, and v(s) denotes the total
revenue of the coalition. Thus, the benefits allocated to member i are ¢;(v). The conditions
for the solution to the cooperative game to hold are satisfied when the benefits received
by the member from participating in the alliance are greater than those received from
operating independently, i.e., when ¢;(v) > IT;.

In an EPC energy contract management project, the two main partners are the energy
service company (ESCO) and the power plant (C), which, when subset s = (E), means that
the ESCO uses its own capital and technology to run the company in a completely indepen-
dent manner, rather than choosing to work with a member of the corporate consortium.
At this point in time, due to the lack of customers served by the ESCO, the ESCO is unable
to generate operating revenue from its retrofitting activities and can only generate revenue
from other additional services, so its revenue can be expressed as v(E).

When the subset s = (C), this means that the power plant carries out the energy
efficiency retrofit project independently; due to the lack of appropriate energy efficiency
retrofit technology and experience, the power plant cannot obtain additional benefits from
the energy efficiency retrofit, and its final benefits are the operating benefits from normal
power generation, which can be expressed as v(C).

When the subset s = (E,C), this means that the power plant carries out the energy
efficiency retrofit project independently; due to the lack of appropriate energy efficiency
retrofit technology and experience, the power plant cannot obtain additional benefits from
the energy efficiency retrofit, and its final benefits are the operating benefits from normal
power generation, which can be expressed as v(E, C).

Energy-saving service companies and power plants, as members of the alliance, after
cooperating to carry out energy-saving renovation projects, have respectively obtained
greater benefits than their own separate operations, and the total benefits of the alliance are
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greater than the benefits before the cooperation. For the distribution of the excess benefits
brought about by the cooperation between the two parties, according to Shapley. L.S [41]
based on the principle of shared distribution among alliance members, the Shapley values
corresponding to the energy-saving service company (E) are as follows:
Ye(0) = ) w(|s|)[o(s) — 0(s\E)]
EeS
1

= 5[0(E,C) = 0(C) +0(E)]

The Shapley values corresponding to the power plant (C) are as follows:
Ye(v) = ) w(ls|)[o(s) = v(s\C)]
Ces
1
= 5[0(C) +0(E,C) —o(E)]
3.4.2. Shapley’s Improved Allocation with Impact Factor
3.4.2.1. Determination of Impact Factors

In the Shapley approach, the contribution to the alliance’s interests is the sole basis for
the distribution of excess returns, which provides a quick solution to the distribution of
returns but lacks the consideration of the level of effort and risk-taking of the alliance mem-
bers, resulting in a not entirely fair and accurate distribution of returns. In the cooperation
between energy service companies and power plants, both parties have different amounts
of resources and different levels of risk due to their different operational capabilities and
resource ownership; for example, energy service companies bear the sunk costs and com-
pensation issues arising from retrofit failures, and power plants also bear the loss of revenue
from retrofit failures. At the same time, the benefits of carbon rights from reduced carbon
emissions, a unique advantage of biopower plants, are completely outside the scope of the
Shapley value approach. Therefore, in order to effectively incentivize members who take
on more risk and input, it is necessary to consider risk and input as compensatory benefits
for members, in order to increase the equity of the distribution of benefits among members
of the alliance and to improve the stability of the cooperation.

This paper constructs a system of EPC impact indicators in terms of risk sharing,
member input, and the level of effort for the impact factors that need to be considered in
the distribution of excess benefits between ESCOs and power plants. The details are as
follows (Table 3).

Table 3. EPC impact indicator system.

Target Level Guideline Level Indicator Layer Indicator Meaning
Policy risks R15k§ arlsm'g'from changes to carbon
trading policies
. Risks arising from competitive market
Market risk conditions and market fluctuations
The maturity and complexity of the
Technical risks technology and the risks associated with
changes and updates to the technology
E’C Contract Energy Risk sharing The risk of failure of cooperation due to
anagement .
Asset risk abnormal asset turnover and the
breakage of the capital chain
The risk of intentional or unintentional
Risk of default breach of contractual agreements by

both partners

Risks in the contractual terms,
commercial operations, and financial
management of members in

the partnership

Operational risks
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Table 3. Cont.

Target Level

Guideline Level Indicator Layer Indicator Meaning

The amount of input from the people
involved in the execution of the contract
The amount of relevant equipment input
during the execution of the contract

The total amount of money invested in
the execution of the contract

Total capital input during contract
execution. Non-material input such as
patents, technology, knowledge, etc.,
during contract execution

Staff input
Equipment input

Member input Financial input

Non-material inputs

The extent to which the partner strictly

Degree of contract .
& enforces the terms of the contract in order

execution to maximize the benefits of the project
The quality of the manager’s career,
Organizational professionalism, the level of management

management level resources invested, and the quality of the
management results achieved

The degree of information exchange
achieved between partners to achieve
information parity

The extent to which the partner is willing
Willingness to cooperate  to put in the effort to achieve the

objectives of the contract

Level of effort

Level of information
exchange

Source: obtained from a compilation of the literature.

3.4.2.2. Determination of Weighting of Each Impact Factor

o  Determination of risk compensation factor weights

In the determination of risk factors, the total level of risk faced by a member of the
alliance is R;(i = E, C), and R;j (j=1,---,5) is the specific risk faced by the member, e.g.,
RE; is the policy risk faced by the energy efficiency company. Then, the risk for a member
of the alliance can be expressed as

0

5

= L AjR;j
j=1

1

R;
R;
R;

R; = 0 indicates that the member is risk-free and R; = 1 that the member is most at
risk, where A; indicates the weight of each risk faced by the member, which can be obtained
by Delphi, hierarchical analysis, or fuzzy integrated evaluation. Since the Shapley method
implies the condition that the risk faced by each member of the alliance is the same, the
default risk borne by both the ESCO and Point Success is 0.5, and the difference between
the actual risk borne by the alliance members and the default risk is as follows:

AR; =R;/} R;—05
i
(i=E,CR; € (0,1);AR; € (—0.5,0.5))

When AR; € (—0.5,0), it means that the actual risk taken by the affiliate is lower than
the default risk taken by the Shapley method and that the affiliate’s share of the benefits
needs to be reduced, while when AR; € (0,0.5), it means that the actual risk taken by the
affiliate is higher than the default risk taken by the Shapley method and that additional
compensation needs to be made when allocating the final benefits.

o  Determination of input compensation factor weights
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In an energy efficiency cooperation project between an energy service company and a
power plant, the corresponding capital, equipment, manpower, etc., needs to be invested.
Note that the total input level of a member of the alliance is I;, I; € (0,1),i = E,C, and
L;i(j = 1,- - - 4) is the specific input of the alliance member, e.g., If; is the personnel input
of the energy service company. Then, the inputs of the coalition members can be expressed
as follows:

L =0
5
I,' = Z /\inj
i=1
L[ =1

When I; = 0, this means that the coalition member’s input is 0, and when [; = 1,
this means that the coalition member mobilizes all the resources it can to apply to the
energy efficiency improvement project, where A; is the weight of each input of the coalition
member, indicating the relative importance of each type of input, and the specific value
is taken as above. Since the Shapley value method defaults to an average distribution of
the inputs of the coalition members, the difference between the actual input level of the
coalition members and the default input level is expressed as follows:

AL=1/) ;- 05
i
(i=E,CI € (0,1);Al; € (—0.5,0.5))

When AI; € (—0.5,0), the actual input is lower than the default input; the benefit
shared by the member needs to be reduced. When AJ; € (0,0.5), the actual input exceeds
the default input; additional compensation is required in the distribution of the final benefit.

e  Determination of effort level factor weights

In a power plant retrofit project, both the energy service company and the plant want
the project to be successful and are willing to put in a level of effort to ensure that the
project is implemented successfully. Therefore, the level of effort put in by all members of
the consortium to achieve a common goal is also an important factor in the success of the
final goal. Let the total effort level of a member of the alliance be S;, S; € (0,1),i = E,C
and S;;(j =1, - - 4) be the effort item of a member, e.g., Sg; specifically means the degree
of contract execution of the energy efficiency service company. Then, the level of effort of a
member of the coalition can be expressed as follows:

S;=0
4

Si= ¥ AjS;
j=1

Si=1

where S; = 0 indicates that the coalition member is not making an effort to achieve the
overall goal, S; = 1 indicates that the coalition member is using its maximum effort to
achieve the overall goal, and /\j is the weight of each indicator in the effort level, which
is taken in the same way as the risk factor weights. Similarly, the difference between the
actual effort level of the coalition member and the default input level of the Shapley value
method can be expressed as follows:

AS;=5;/) S;—05
i
(i=E,GS; € (0,1);AS; € (—05,0.5))

When AS; € (—0.5,0), the effort exerted by an alliance member is below the default
level and requires a reduction in the benefits shared by that member. When AS; € (0,0.5),
the effort exerted by an alliance member is above the default level and requires additional
compensation when distributing the final benefits.
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e  Consider the benefit correction for each impact factor

In summary, the compensation benefits after taking the actual level of risk into account;
the member input and effort of each member of the alliance can be expressed as follows:

AYZ'('U) = ’U(S) (klARl + szL‘ + kgASi)

wherei = E, C, and ky, k», and k3 correspond to the weights of the risk level, member input,
and effort level, respectively, and its value method can be obtained by hierarchical analysis,
the fuzzy comprehensive evaluation method, etc. Then, the final benefits of the coalition
members can be expressed as follows:

Y (v) = Yi(v) + AY;(v)

3.4.3. Shapley Improvement Allocation with Carbon Rights Impact Factor
3.4.3.1. Identification of Indicator System

In energy efficiency sharing contract energy management projects, energy service
companies carry out energy efficiency improvement projects for power plants, which on
the one hand can effectively reduce the energy consumption of power plants and save costs,
and on the other hand, the upgrading of equipment can greatly improve the efficiency of
existing equipment and increase power generation. For power plants that use biomass
as a feedstock for electricity generation, an increase in electricity generation means an
increase in carbon savings, which can make a greater contribution to emissions reduction.
For biomass power plants, the increase in carbon savings from increased power generation
can be quantified and certified by official state agencies or officially recognized third-
party institutions for the greenhouse gas emission reduction effects of their renewable
energy, forestry carbon sink, methane utilization, and other projects, and the emission
reductions are registered in the national voluntary greenhouse gas emission reduction
trading registration system, and this part of the registered emission reductions is called
the national certified voluntary emission reductions (CCER: Chinese Certified Emission
Reduction). With the development of China’s domestic carbon trading market, CCERs can
also be used as a financial product, meaning that members who own CCERs can use them
as an asset for trading or as a financial loan from a bank and can therefore be used as a
component of carbon rights inputs. The system of input indicators after considering carbon
rights inputs is as follows (Table 4).

Table 4. EPC input indicator system considering carbon rights.

Target Level Guideline Level Indicator Layer

Staff input
Equipment input
EPC Contract Energy Management ~ Member contributions Financial input
Non-material inputs
Carbon rights input

Source: derived from the analysis in the previous section.

After taking the carbon rights input into account, the input of the coalition members
can be expressed as follows:
If=0
If % MIE
P s ij
I =1
When j = 5, i.e., I;5 is denoted as the carbon right input of a member of the coalition,
where A]- is the weight of each input of the coalition members; it is taken as above, because
the Shapley value method defaults to the coalition members sharing the inputs in an

average manner, so the difference between the actual input of each member and the default
input is
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Af=T/Y If —05
i
(i=E,GI € (0,1); AIf € (—0.5,05))

When AIZ-C € (—0.5,0), the member’s benefit allocation needs to be reduced, and
when AIf € (0,0.5), additional benefit compensation needs to be given to the member.
The final benefit compensation considering the carbon right input can be obtained without
considering the carbon right input benefit compensation method as

AYF(0) = 0(s) (k1 AR; £ kpyAIf + k3AS;)

where i = E, C, and ky, kp, and k3 correspond to the weights of the risk level, member input,
and effort level, respectively, which are taken in the same way as above. Then, the final
benefit of the coalition members can be expressed as follows:

Yi(0) = Yi(v) + AYi (v)

3.4.3.2. Determination of Indicator Weights

In this paper, the fuzzy hierarchical analysis method (F-AHP) is used to assign weights
to the indicator system. This method can solve the problem that AHP cannot guarantee the
consistency of human thinking when there are too many items of evaluation indicators and
make the subjective human judgment process, which is difficult to quantify, thoughtful,
and mathematical so that the final decision results are more easily accepted. In EPC energy
efficiency retrofit projects, some of the judging indicators are highly subjective and difficult
to quantify. To address this issue, FAHP and inviting experts to score the indicators can be
used to increase the ultimate credibility and accuracy of each indicator. A total of 15 experts
from universities and related industries were invited to participate in the scoring.

Based on the evaluation structure hierarchy of target level—criterion level-indicator
level given in the previous section, experts were invited to score and construct a fuzzy
consistency judgment matrix.

1 T2 0 Tin

a1 T21 0 T2p
R =

1 Tl - Tun

The a in the above equation indicates the importance of the bth indicator relative to
the cth indicator and is subject to the following conditions:

0< 7‘1‘]‘ < 1(i,j =12, ,n)

Y = 05(1 =1,2,--- ,1’1)
tij —+ i = 1(1,] =1,2,--- ,I‘l)
Refer to the following table for the value of a (Table 5).

Table 5. Importance of two-by-two comparisons between indicators and assignment of values.

Scale Importance Comparison

0.5 i is equally important compared to j

0.6 i slightly more important than j

0.7 i is clearly important compared to j

0.8 i is much more important compared to j

0.9 i is extremely important compared to j

If element 4; is compared with element 4; to obtain
0.1,0.2,0.3,0.4 judgment f,-]-, then element ajis compared with

element a; to obtain judgment f;; as 1 — f;;

Source: derived from the calculations.
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For the above fuzzy consistency judgment matrix, the advantage of FAHP over AHP is
that instead of testing whether the judgment matrix is consistent, it is only necessary to test
whether it is fuzzy consistent. When the difference between the rows is the same constant,
then the relative weights of the elements can be calculated by the fuzzy consistency test,
and the method of calculating the weights can be calculated in the following way:

n
/\-—Z?:MijJrE_l('—lzs )
i= W 1=1,2,5, M
This weight is the weight of the indicator in the EPC energy efficiency retrofit project.

4. Case Studies
4.1. Background

Based on geographical and regulatory diversity and considering the significant po-
tential for energy savings and carbon emission reductions we choose Guoneng Longjiang
Biological Power Generation Co. as an example. The data are from 1998 to 2018, and energy
saved in yuan. Before the implementation of the project, the power plant was shut down
five times per year on average due to coking and heating surface leakage, accounting for
72% of the total shutdown, with an average annual loss of 6.3 million kwh. From January
to May 2015, there were four consecutive incidents of leakage from the heating surface, and
the boiler heating surface was severely worn beyond the standard. The boiler is one of the
three main engines of a thermal power generation unit, and its economic characteristics
and operating conditions directly affect the economic indicators and even the economic
benefits of the power plant.

The project contractor is State Grid Integrated Energy Services Group Limited (here-
inafter referred to as ESCO), which was established in Beijing in January 2013 and is wholly
owned by the State Grid Corporation of China. The company has a registered capital of
CNY 4.2 billion, total assets of approximately CNY 30 billion, and a total workforce of over
7000 employees. The main operations now include the following: electricity and energy
supply services; development and first-stage management, the design and evaluation of
energy efficiency and energy project distribution; the trading and agency of energy security
and energy-saving and emission reduction targets; the leasing of energy-saving equipment,
the leasing of new energy vehicles, etc.

4.2. Project Collaboration Process

To change the situation of the power plant, group companies, branches, and project
companies, together with the designer, have conducted several thematic analyses and stud-
ies and found that improving efficiency, strengthening fuel management, and increasing
efficiency through comprehensive energy efficiency improvements have become the most
effective path for group companies. Both State Grid Integrated Energy Services Group Lim-
ited and State Energy Long Jiang Biopower Company Limited have a good bank analysis
and financial position. It will not only reduce emissions but also meet the company’s own
development and interest needs, achieving shared benefits and results for both parties.
State Grid Integrated Energy Services Group Co., Ltd. and State Energy Longjiang Bio
Power Co., Ltd. signed a contract for energy management, agreeing that the investment
and financing of the project would be mainly undertaken by the power plant and that
the ESCO would be responsible for investing the necessary personnel, equipment, and a
small amount of capital, etc., but would need to guarantee that the agreed energy savings
would be achieved. If the energy savings after the renovation meet the agreed amount,
the excess will be shared between the power plant and the ESCO; if not, the shortfall will
need to be made up by the ESCO, the energy-saving equipment belongs to the power plant
throughout, and all proceeds at the end of the contract will belong to the power plant.
The specific content is shown in Figure 3.
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Figure 3. A schematic diagram of the guaranteed energy-saving model.

4.3. A Comparison of the Benefits of the Three Different Models
4.3.1. Initial Benefit Sharing

For the ESCO, its main source of revenue comes from energy efficiency retrofit projects,
and when it does not work with power plants on energy efficiency retrofit projects, it loses
its main source of revenue and can only obtain revenue through the trading and agency of
energy security and energy-saving targets, leasing of energy-saving equipment and new
energy vehicles, etc. Therefore, based on its past operations, its revenue from separate
operations v(E) = CNY 3,293,400. For the power plant, which is designed for a safe service
life of 25 years, the plant is now approaching the end of its useful life, and as a result,
there are an increasing number of shutdowns each year due to problems such as coking
and leaking heating surfaces. The continued operation of the plant without the option to
carry out energy efficiency retrofitting services means that annual revenue is lost due to
downtime, at which point the plant’s revenue v(C) = CNY 1,646,700. When they work
together, the ESCO is able to generate additional revenue by carrying out energy efficiency
service projects, the power plant is able to increase its generation revenue due to a reduction
in the number of shutdowns, and both parties receive an increase in revenue, with the final
total revenue from the partnership v(E, C) = CNY 13,276,700. Therefore, the initial income
distribution can be obtained according to the typical Shapley value method:

[v(C) +v(E,C) — v(E)] = CNY5,815,000

[v(E,C) —ov(C) +v(E)] = CNY7,461,700

NI—= N =

4.3.2. Benefit Sharing Considering Impact Factors (Not Considering the Carbon Rights Factor)

In order to determine the weights of the indicators of the impact factor system, experts
and professionals from research institutes, power plants, and ESCOs were invited to assess
the importance of the indicators, and the relative weights of the indicators were calculated
using the F-AHP method as the weights of the indicators for the modified Shapley value
method. The results are as follows (Table 6).
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Table 6. The weights of the EPC indicator system.

Target Level Glil::line Indicator Layer
Policy risks (0.1937)
Market risk (0.1817)
Risk sharing Technical risks (0.1661)
(0.3853) Asset risk (0.1624)
Risk of default (0.1467)
Operational risks (0.1494)
Staff input (0.3030)
EPC Contract Energy Member input Equipment input (0.2474)
Management (0.3103) Financial input (0.2543)
Non-material inputs (0.1953)
Degree of contract execution (0.2859)
Level of effort Organizational management level (0.2654)
(0.3045) Level of information exchange (0.2184)

Willingness to cooperate (0.2303)

Source: derived from the calculations.
Based on the calculations given in the previous section, the actual risk-taking, actual
inputs, and actual efforts made by both partners to carry out a successful project without

taking into account the carbon rights factor were calculated separately (Table 7).

Table 7. Modified weights of benefits for partners.

R; AR; I; Al S; AS;
C 0.5284 0.0284 5517.208 0.4725 0.3644 —0.1356
ESCO 0.4716 —0.0284 155.8116 —0.4725 0.6356 0.1356

Source: derived from the calculations.

Ultimately, the compensation benefits for both the power plant and the ESCO can be
derived as follows:

AYC (U) = Z)(S) (klARC + kZAIC + k3A5C>

= 1327.67 (0.3853 x 0.0284 + 0.3103 x 0.4725 + 0.3045 x (—0.1356))
= 1327.67 x 0.11626907

= CNY1, 543,670

AYE(U) = U(S)(klARE + kZAIE + k3ASE)

= 1327.67 (0.3853 x (—0.0284) + 0.3103 x (—0.4725) + 0.3045 x (0.1356))
= 1327.67 x —0.11626907

= CNY — 1,543,670

The final gain distributed by the power plant was CNY 7,358,670, and the gain dis-
tributed by the ESCO was CNY 5,918,030.

4.3.3. Benefit Sharing Considering Impact Factors (Taking into Account the CarbonRights Factor)

According to the published baseline emission factors for the 2019 emission reduction
project China Regional Grid, the average emission factor for the Northeast Regional Grid is
0.66125t, i.e., the emission of 1 MWh of electricity is 0.66125 t of CO, equivalent. Also based
on the national carbon market carbon emission allowance (CEA) transaction average price
of 59 CNY/t in 2021, the annual revenue generated by the power plant from emissions
reduction trading is approximately CNY 2.265 million. This portion of the revenue is also
part of the total revenue from contractual energy management. Therefore, the final total
revenue from the partnership in this scenario v(E, C) = CNY 15,931,700.
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At this point, the distribution of proceeds as determined by the typical Shapley
distribution method would be as follows:

Ye(o) = %[D(E,C) — o(C) + u(E)] = CNY8, 789,200

Ye(0) = %[U(C) +9(E,C) — v(E)] = CNY7, 142,500

In order to obtain the inputs of power plants and ESCOs considering the carbon weighting
factor, experts were invited to evaluate the system of input indicators considering the carbon
weighting factor and to calculate the weights of the indicators with the help of F-AHP to obtain
the system of weighting indicators considering the carbon weighting factor (Table 8).

Table 8. Weights of input indicator system (taking carbon rights into account).

Target Level Guideline Level Indicator Layer
Stuff input (0.2356)
EPC Contract Energy . Eq'ulpm‘ent’ input (0-2091)
Member input Financial input (0.2091)
Management

Non-material input (0.1664)
Carbon rights input (0.1798)

Source: derived from the calculations.

According to the given calculation method, the actual payments corresponding to
power plants and ESCOs when the carbon weighting factor is taken into account are as
follows (Table 9).

Table 9. Modified weights of benefits for partners (taking carbon rights into account).

R; AR; I; Al S; AS;
C 0.5284 0.0284 5517.208 0.4756 0.3644 —0.1356
ESCO 0.4716 —0.0284 155.8116 —0.4756 0.6356 0.1356

Source: derived from the calculations.

In the end, the compensation benefits for both the power plant and the ESCO were
found to be CNY 9,010,189 and CNY 6,921,511, respectively.

AYC (Z)) = Z)(S) (klARC + kZAIC + kgASC)

= 1593.17 (0.3853 x 0.0284 + 0.3103 x 0.4756 + 0.3045 x (—0.1356))
=1593.17 x —0.117231

= CNY1,867,689

AYC (Z)) = 'U(S) (klARC + szIc + k3ASC)

= 1593.17 (0.3853 x (—0.0284) + 0.3103 x (—0.4756) + 0.3045 x (0.1356))
=1593.17 x —0.117231

= CNY — 1,867,689

The distribution of the benefits of the three different models described above was
calculated, as shown in the table below (Table 10).

Table 10. Final distribution of proceeds.

EPC
No EPC No Carbon Rights Carbon Rights
Typical Amendments Typical Amendments
Shapley Shapley Shapley Shapley
C 164.67 581.5 735.867 878.92 901.0189
ESCO 329.34 746.17 591.803 714.25 692.1511
Total Revenue 494.01 1327.67 1327.67 1593.17 1593.17

Source: derived from the calculations.
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5. Discussion

The EPC model has been promoted recently as a proven effective implementation
model for energy efficiency retrofit projects. However, there is often a conflict between
theoretical validity and realistic implementation regarding cost-bearing and profit dis-
tribution. Building on this, this paper introduces an innovative cooperative model that
integrates carbon emission rights, effectively addressing the financing challenges faced by
stakeholders and seamlessly integrating this crucial element into the profit distribution
mechanism. This contribution bridges a gap in the current literature, offering significant
theoretical and practical implications.

This paper provides innovation in the EPC cooperation model. Traditional energy
efficiency retrofit projects involve only energy efficiency service companies, power plants,
and financial institutions. There is a trust deficit and benefit distribution problem among the
three. The new cooperation model provided in this paper includes carbon emission rights
purchasers in addition to ESCOs, power plants, and financial institutions. The inclusion
of this additional stakeholder not only diversifies the cooperation model’s scope but also
offers ESCOs and power plants supplementary funding sources beyond traditional financial
institutions, thereby mitigating the financing challenges inherent in the conventional model.

In the specific practice, this paper constructs an EPC influence index system in three
aspects of risk sharing, member input, and effort level for the influence factors that energy-
saving service companies and power plants need to consider in the distribution of excess
benefits and uses the F-AHP method to determine the weights of each influence factor.
It can discard the influence brought by subjective factors to the maximum extent based on
expert experience.

Additionally, this paper develops an enhanced benefit allocation model incorporating
the carbon rights factor, integrating carbon emission rights into the EPC input index system
alongside personnel, equipment, capital, and intangible resources. It adopts F-AHP to
assign weights to the index system. On one hand, it bolsters managerial commitment to
implement the project by increasing the expectation of benefits from successful implemen-
tation. On the other hand, multi-dimensional benefit distribution can reasonably allocate
the excess benefits and reduce the conflicts among project participants.

Through the analysis of the case of China Guoneng Longjiang Biopower Co., Ltd.,
this study compares stakeholder benefits across traditional and enhanced models, both
without and with the incorporation of carbon rights. The findings indicate that the benefits
of the three parties under this new cooperation model with the carbon rights factor are
very obviously enhanced, both from the perspective of the individual power plant and
ESCO and from the perspective of the overall benefits. This affirms the cooperation
model’s superiority and efficacy, establishing a compelling foundation for its broader
adoption. The lessons from this case study, showcasing significant energy and financial
savings through a novel EPC model integrating carbon emission rights, demonstrate
broad applicability across diverse contexts and industries. The model’s success in sectors
with high energy consumption and varying regulatory environments suggests that it
can be effectively adapted to different geographical areas and industry requirements.
This adaptability, coupled with measurable benefits in reducing carbon emissions and
enhancing financial returns, underscores the model’s potential as a universal solution for
energy efficiency retrofit projects, promoting sustainable practices globally.

6. Conclusions and Policy Implications

This paper proposes a new EPC cooperation model that includes power plants, ESCOs,
financial institutions, and carbon emission rights purchasers. It develops an EPC impact
index system across three dimensions—risk sharing, member input, and effort level—
employs the fuzzy analytic hierarchy process (F-AHP) to determine the weight of each
factor, and employs an enhanced Shapley value method for equitable benefit distribution
among members. Finally, Guoneng Longjiang Biopower Co., Ltd. is taken as an example;
the differences between the power plant, energy-saving service company, and overall
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benefits under three different situations, namely the traditional EPC model, the cooperation
model without carbon emission rights, and the cooperation model with carbon emission
rights, are compared. This study successfully demonstrates a novel cooperative model for
EPC that integrates carbon emission rights, significantly alleviating financial constraints
and enhancing the distribution of energy-saving benefits among stakeholders. Our findings
confirm that leveraging carbon rights not only boosts financial viability but also promotes
greater energy conservation and emission reductions, providing a robust answer to the
challenges faced by traditional EPC projects.

Despite its strengths, this research has limitations, such as the focus on specific types
of energy-consuming units and the reliance on current carbon market structures, which
may differ significantly across regions. These limitations suggest caution in generalizing
the results without the consideration of local market dynamics and regulatory frameworks.

Future research should explore the application of this model in different industrial
sectors and geographic regions to validate its adaptability and effectiveness globally. Addi-
tionally, investigating the long-term impacts of carbon trading policies on EPC performance
and exploring advanced analytical methods to better understand stakeholder behavior and
motivations in carbon markets would be valuable.
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