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At this stage, the air pollution problem represented by climate warming has

become very serious, and it is important to establish a carbon emission trading

system as an innovative policy tool to promote energy savings and emission

reduction. China’s carbon trading market is currently in its initial stage, and only

power generation enterprises are included in the market. When faced with

changes in the carbon trading market mechanism, enterprises are often unable

to make rapid adjustments, making it difficult to reflect the carbonmarket’s role

in reducing emissions. Current research on the design of carbon trading

mechanisms of enterprises has lacked investigation into the influence of the

design of carbon trading mechanisms on the willingness of enterprises to

participate from the perspective of enterprises. In this paper, we use choice

experiments, a conditional logit model and amultinomial logit model to explore

the impacts of changes in the design of enterprise carbon trading mechanisms

on enterprise willingness to participate in carbon trading. The impacts of all

attributes on the willingness to participate in national carbon trading is ranked

from largest to smallest: offset mechanism > carbon product trading >
government penalty > carbon quota allocation. Based on the research

results, relevant policy recommendations and corporate countermeasures

are proposed to improve corporate willingness to participate in carbon

trading and encourage active cooperation in energy saving and emission

reduction activities.
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1 Introduction

In recent years, dramatic changes in production methods have brought wealth to

humankind while also causing serious environmental pollution problems, and the

problem of atmospheric pollution from climate warming has taken on a very serious

shape. Studies have shown that climate warming is mainly due to the excessive
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consumption of non-clean fuels that produce greenhouse gases,

and CO2 emissions are mainly too high. In terms of CO2

emission reduction, scholars have studied the impact of

renewable energy on CO2 emission reduction at different

levels (Dong et al., 2018, Dong et al.2020). At the same time,

the international community has taken certain measures to

control global carbon emissions from the enterprise level, among

which the establishment of a carbon emission trading system is

important as a tool to help energy savings and emission reduction.

China began preparations for carbon trading in 2011 and

officially launched a national carbon trading market on 16 July

2021. The current national corporate carbon trading market has

just started to operate and is government-led and is achieved

through a policy-enforced approach. The successful operation of

the carbon market needs to coordinate the interests of many

related entities, and a policy that is too aggressive is likely to cause

opposition from emitting enterprises, which is inevitably

detrimental to the successful operation of the carbon market;

a policy that is too lenient cannot form pressure on enterprises to

reduce emissions (Liu and Song, 2019). The enterprise side, as the

direct audience of carbon trading policy, is more sensitive to the

policy response, and this will directly affect the enterprise’s

willingness to participate in carbon trading. It may be

counterproductive to enact a policy from the government’s

perspective without paying enough attention to enterprise

willingness to participate. Feedback on the enterprise

willingness to participate is an important indicator of whether

the policy is reasonable, feasible and effective. Therefore,

effectively improving the effectiveness of policy regulation

may be considered from the standpoint of increasing the

willingness of enterprises to participate and further positive

feedback on the enactment of the policy to positively

stimulate the increase in enterprise willingness to participate

in carbon trading and promote two-way cooperation between

enterprises and the government to accomplish the task of carbon

emission reduction.

Considering that China’s national carbon trading market is

still in its preliminary stage, this study takes the power industry

that has participated in national carbon trading as the research

sample, based on which the relationship between two variables,

carbon trading market mechanism changes and enterprise

willingness to participate in carbon trading, is explored, and

reasonable suggestions are given from the perspective of policy-

makers and enterprise responses to enhance the purpose of

enterprise willingness to participate in carbon emissions and

promote the achievement of carbon emission reduction goals.

In terms of research content, this study combines the original

carbon trading mechanism model and the actual carbon trading

operation of enterprises to construct a carbon trading model for

enterprises based on Chinese national conditions. Previous

studies have focused more on carbon trading itself, but there

have been fewer studies from the perspective of enterprises, the

main actors in carbon trading. This study explores the

relationship between changes in the carbon trading market

mechanism and the willingness of enterprises to participate in

carbon trading from the perspective of enterprises to fill the gap

in academic research in this area. At the same time, policy-

makers can use the research results as a reference basis to issue

policy bills that are conducive to increasing enterprise willingness

to participate in carbon trading and to promote enterprise active

cooperation in carrying out energy conservation and emission

reduction activities and to ensure their own benefits to a certain

extent while cooperating with the national carbon trading

requirements.

In terms of research methodology, this paper quantifies the

degree of enterprise understanding of carbon trading. The second

part of the questionnaire, based on the literature on the concept

of carbon trading and its realization path, combined with the ten

steps of the enterprise carbon trading system, asks six single and

multiple choice questions, covering the principle of carbon

trading, trading subjects, trading objects, allocation methods,

etc. All six questions have standard answers, and the scores are

used to quantify the degree of enterprise understanding of carbon

emissions. In addition, this paper is the first to apply the choice

experiment method to the study of enterprise willingness to

participate in carbon trading. The choice experiment has two

core advantages: first, a complete economic theoretical

foundation and empirical methodological system; and second,

a high information load that coincides with real market scenarios.

In terms of model selection, this study adopted a conditional logit

model and multinomial logit model in turn. The advantage of the

conditional logit model is that it can analyze which attribute

levels influence the choice of scheme to a large extent while

ignoring the heterogeneity of consumer preferences; the

multinomial logit model can perform heterogeneity analysis

and help to understand the influence of heterogeneous

attributes of many firms on the choice of carbon trading scheme.

The logical framework of this study is shown in Figure 1, and

the specific research ideas are divided into the following five

steps. In the first step, the theoretical basis of corporate carbon

trading and the elements related to the design of the corporate

carbon trading mechanism are analyzed by using the literature

review method. In the second step, the enterprise carbon trading

market model is designed, the key attributes of the possible

changes in the design of the corporate carbon trading market and

the different levels of each attribute are defined, and the choice set

is set based on the choice experiment method. In the third step,

based on the choice set determined by the choice experiment

method, a questionnaire is prepared, a discrete choice experiment

is conducted, and the data are collected. In the fourth step, a

discrete choice model is used to quantify the public preferences

based on the experimental data. In the fifth step, the results are

discussed and analyzed based on the data, conclusions are drawn,

and reference suggestions are made for policy-makers to improve

the willingness of enterprises to participate in carbon emissions,

taking into account the main problems that they may face.
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2 Literature review

Current domestic and international research on enterprise

carbon trading mechanisms mainly focuses on the design of

enterprise carbon trading mechanisms. For example, Liu and Liu

(2015) analyzed the carbon emission reduction cost and carbon

emission reduction revenue under the current carbon quota

trading mechanism from the perspective of management

accounting, constructed a principal-volume-benefit analysis

model for enterprise emission reduction decisions, explored

the quantitative dependence relationship among variables, and

proposed a simple and easy-to-implement carbon emission

reduction decision method (Liu and Liu, 2015). Focusing on

the supply chain dominated by manufacturers and retailers,

Meng applied the supply chain contract and game theory to

provide insights into the two-stage supply chain cooperative

carbon emission reduction strategy under the free carbon

quota and carbon emission rights trading mechanism by

considering carbon trading, carbon emission reduction and

consumer low-carbon awareness (Meng 2015). Ma et al.

(2019) analyzed the impact of the CET system on the carbon

emissions of electric power enterprises, defined the roles and

functions of each trader agent in the electric power market and

carbon emission rights trading market, and constructed an agent-

based CET model to carry out research on the carbon emission

reduction trading mechanism of electric power enterprises from

three aspects: power generation technology transformation,

carbon emission rights trading and related market simulation.

Lu (2019) compared the carbon management level of pilot

enterprises participating in the carbon market with that of

non-pilot enterprises not participating to verify whether the

carbon trading mechanism can encourage enterprises to

actively manage carbon emissions and achieve emission

reduction. An and Tang (2012) analyzed the inherent

facilitation and constraint relationship between quota-based

emission trading and project-based emission trading (CDM)

by adding a new objective function, redefining parameters,

and modifying constraints based on the AIM-Enduse model

to construct a single-stage optimal decision model for

corporate emission reduction under the emission trading

mechanism. Tian and Xu (2020) took an aviation service

enterprise as an example to explore the composition of

enterprise compliance cost and its influencing factors under

the carbon trading mechanism and to construct a

measurement model of enterprise compliance cost.

For the study of carbon trading mechanisms incorporating

government variables, Wu et al. (2021) established a differential

game model to explore the interactive strategies between the

government and supply chain enterprises under the carbon

trading mechanism and subsidies and obtained the optimal

FIGURE 1
Framework of the paper.
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solutions for the government and supply chain participants

under different scenarios by applying the optimal control

principle. Hu and Ding (2020) using the intermediary and

moderating effect approach; examined the mediating effect of

carbon trading and total factor productivity; investigated the

moderating mediating effect under the influence of green

innovation, marketization and government subsidies; and

explored whether carbon trading can balance corporate

effectiveness and green efficiency and the optimization

strategy of corporate carbon reduction. Lu and Cang (2018)

constructed a dynamic game model between the government and

enterprises under the carbon trading mechanism and studied the

effects of changes in different parameters on the probability of

non-compliant emissions and government verification based on

their respective expected utilities. Xu and Dong (2017)

constructed an evolutionary game model between local

governments and power generation enterprises, theoretically

investigated the evolutionary laws and conditions for the

existence of evolutionary stabilization strategies under the

carbon emission trading mechanism, analyzed the factors

affecting the direction of the evolutionary equilibrium of the

system, and provided some policy suggestions for the

government to guide power generation enterprises to reduce

emissions consciously. Studies from other perspectives have also

been designed, such as the aspects of enterprise carbon trading

operation benefits and enterprise carbon trading operation

improvement measures (Chen 2016; Chen and Yu 2018; Liao

et al., 2018; Song et al., 2018; Zhang 2018; Wang et al., 2019; Yang

and Yang 2019; Ren et al., 2020; Yu et al., 2020; Yu and Liu 2020;

Zhou et al., 2020; Sun et al., 2021; Yu et al., 2021; Zhang 2021;

Zhang et al., 2021; Lin and Wu 2022).

Willingness to participate is a psychological decision of the

decision-making subject before the actual participation behavior,

which reflects the action tendency of the decision-maker before

the participation behavior and is a typical representative of

behavioral willingness. There are many methods to study

willingness to participate at home and abroad, mainly

including the scale method, behavioral observation method

and physiological response method. Among them, the scale

method has a large number of questions and is prone to halo

error and tendency error, while the behavioral observation

method and the physiological response method are difficult to

implement. As a widely used method to evaluate the non-use

value of ecosystem services and environmental goods, the stated

preference method can construct hypothetical scenarios and

present them to the respondents and is often used to study

consumer preferences with a small number of questions and is

easy to implement, which can make up for the shortcomings of

the above three methods. The choice experiment (CE) method, as

a typical stated preference (SP) method, is applicable to the case

of simultaneous changes in multiple elements and can be useful

in measuring the relative value and relative importance among

the elements (Lv 2013), with the significant advantage of

observing individual choices in different hypothetical contexts

(Li et al., 2019). This method is well suited for this study because

enterprise carbon trading is not yet fully used widely and public

familiarity is not yet high.

There are few typical studies in China and abroad on the

relationship between carbon trading and enterprise willingness to

participate. For example, Zhao et al. (2018) designed a discrete

choice format questionnaire with multiple constraints and

studied the impact of carbon trading schemes in China by

analyzing 555 valid questionnaires and identified the factors

that influence enterprise willingness to pay for carbon

emissions. Based on the theoretical framework of planned

behavior and the natural resource-based view of enterprises,

Zou et al. (2020) investigated the three dimensions of the

willingness to participate in carbon trading of emission

control enterprises in the context of carbon trading:

behavioral attitude, subjective norms, and perceived behavioral

control. They constructed a theoretical model of emission control

enterprise willingness to demand forestry carbon sinks and

empirically tested the influence of each factor on the

willingness and demand of emission control enterprise

forestry carbon sinks using 396 emission control enterprise

actual research data using the Heckman two-stage model.

Zhou et al. (2020) considered enterprise active participation in

carbon trading as a form of corporate eco-innovation and

integrated resource-based theory and managerial cognitive

theory with this premise. Using a combination of qualitative

and quantitative analysis methods, he investigated enterprise

heterogeneity—the relationship between resources, capabilities,

managerial interpretation, and enterprise willingness to

participate in carbon trading—from the perspective of

enterprises. Based on resource base theory and managerial

cognitive theory, Yan and Liu (2021) used research data from

222 manufacturing enterprises to investigate the mechanisms of

the role of resource base and managerial explanation on

enterprise willingness to participate in carbon trading. Gao

(2017) examined the firm choice preferences of closely related

key design elements of firms and to examine the design elements

that significantly affect firm choice preferences by conducting a

hypothetical scenario experiment of key design elements of firms

and to give the policy options that firms prefer under these design

elements, to test and revise the three scenario recommendations

proposed by the preassessment and to propose a complete

scenario recommendation for the industry market mechanism.

In summary, the current research on the design of enterprise

carbon trading mechanisms mainly focuses on the design of

enterprise carbon trading mechanisms, and there is a lack of

research from the perspective of enterprises, the main body of

carbon trading. When the carbon trading mechanism changes, it

is bound to have an impact on the economic benefits of

enterprises, and enterprises need to respond quickly. By

investigating the changes in enterprise willingness to

participate when the carbon trading mechanism changes, we
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can provide an effective reference for policy-makers. The current

research literature related to enterprise willingness to participate

in carbon trading is relatively small and does not focus on power

generation enterprises but on the three dimensions of forestry

carbon sink demand willingness and demand willingness,

enterprise heterogeneity and willingness to participate,

manager interpretation and willingness to participate, and key

design elements of enterprises and enterprise preferences.

Research that explores the relationships between two

variables—carbon trading mechanism changes and changes in

power generation enterprise willingness to participate—is

lacking.

3 Present situation and mode analysis
of enterprise carbon trading

3.1 Concept and steps of carbon trading

Carbon trading is based on trading carbon dioxide emission

rights as a commodity, which has the advantage of controlling

carbon emissions in aggregate. According to the experience of the

operation of the international carbon market, there are two types

of carbon trading: quota-based trading and project-based

trading. Quota-based trading is a type of aggregate trading in

which emission quotas are bought and sold between trading

entities due to limited supply under the premise of controlling the

total amount of carbon traded. Project-based trading is acquiring

certified emission reductions (CERs) by implementing emission

reduction projects based on the clean development mechanism,

the voluntary emission reduction mechanism, and the joint

implementation emission reduction mechanism.

Typically, a carbon trading system design consists of ten

steps1, as shown in Figure 2. The first step is to determine the

coverage, i.e., the geographic areas, sectors, sources, and types of

greenhouse gases to which the relevant entities must contribute

quotas. The second step is to set the total amount, which limits

the total amount of quotas available for issuance over a specified

period of time, and thus the total amount of emissions generated

by regulated entities in the carbon market. The third step is

to allocate quotas, which defines the matching allocation

FIGURE 2
Ten steps in the design of a carbon trading system2.

1 Ref: Market Readiness Partnership (PMR) and International Carbon
Action Partnership (ICAP), 2016,Carbon emissions trading practice
manual: design and implementation of carbon markets. World Bank,
Washington. License: Creative Commons Citation License CC BY
3.0 IGO.
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methodology and policy objectives, defines the eligibility and

methodology for the free allocation of quotas and balances

them over time through auctions. The fourth step is to consider

offset mechanisms, help expand the supply of carbon quotas

and reduce compliance costs in the carbon trading system by

considering whether to accept offsets from sources and

industries not covered within and/or outside the jurisdiction.

The fifth step is to identify flexibility measures, i.e., setting rules

on quota storage, determining rules on quota preborrowing and

early allocation and setting the length of the reporting and

compliance cycles. The sixth step is to consider price

predictability and cost control, select appropriate

instruments to intervene in the market and define the

regulatory framework. The seventh step is to ensure

compliance and monitoring mechanisms, i.e., identifying

control units, approving and managing verification agencies,

establishing and monitoring the carbon trading system registry,

designing and implementing penalty mechanisms and

enforcement mechanisms and regulating and supervising the

market for trading carbon quotas. The eighth step is to

strengthen stakeholder participation, communication and

capacity building. Stakeholders and their respective positions,

interests and concerns should be clarified, and transparent

decision-making processes should be coordinated in a cross-

sectoral way to avoid policy dissonance. The ninth step is to

consider market linkages, i.e., through market linkages. Carbon

2trading systems allow control units to use carbon emission units

(quotas or credits) issued by a carbon trading system in another

jurisdiction to complete compliance tasks. The tenth step is

implementation, evaluation and improvement. This includes

determining the timing and process for implementation of the

carbon trading system, determining the process and scope of the

review and evaluating the carbon trading system to support the

review.

3.2 Present situation and problems of
enterprise carbon trading

The development of China’s carbon trading market is mainly

divided into two stages: the first stage is the carbon trading pilot

stage from 2011 to 2020, and the second stage is the national

carbon trading market stage from 2021 to the present.

Since 2011, China has launched local pilot carbon trading

in eight provinces and cities, including Shenzhen, Shanghai,

and Beijing, and officially launched the carbon trading pilot in

2013. In terms of industries, the eight high-energy-consuming

industries, including power generation, petrochemicals,

chemicals, building materials, iron and steel, non-ferrous

metals, paper, and domestic civil aviation, are the main

industries. In terms of quota allocation, most regions adopt

a combination of free allocation and paid bidding. As shown in

Figure 3, from 2014 to 2020, the overall volume of the pilot

carbon trading market shows a fluctuating trend of first

increasing and then decreasing and then increasing, the

overall turnover of the pilot carbon trading market shows a

growing trend, and the overall average price of the pilot carbon

trading transaction shows a trend of first decreasing and then

increasing.

FIGURE 3
China’s pilot carbon tradingmarket volume, turnover and average price (2014–2020) (unit: million tons, million CNY, CNY per ton). Data source:
Shanghai Energy and Environment Exchange https://www.cneeex.com/.

2 Ref: Market Readiness Partnership (PMR) and International Carbon
Action Partnership (ICAP), 2016, Carbon emissions trading practice
manual: design and implementation of carbon markets. World Bank,
Washington. License: Creative Commons Citation License CC BY
3.0 IGO.

Frontiers in Environmental Science frontiersin.org06

Zha et al. 10.3389/fenvs.2022.986862

https://www.cneeex.com/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.986862


On 16 July 2021, the national carbon market opened for

trading, China’s carbon trading market entered the second

phase, and the carbon market formally moved from the pilot

to the national level. On 31 December 2021, the first

compliance period of the national carbon trading market

ended successfully. As shown in Figure 4, the carbon

trading volume and turnover of each month in the first

compliance period of the national carbon trading market

showed an overall growth trend and increased significantly

in November and December, the average transaction price

showed an overall trend of first decreasing and then

increasing, and the difference between the months did not

exceed 6 CNY per ton. In terms of compliance, the compliance

completion rate of the first compliance cycle of the national

carbon market was 99.5%, which was a good compliance

situation overall. In terms of enterprise participation,

2,162 key emission units in the power generation industry

were included in the first compliance cycle, and the willingness

of key emission enterprises to trade rose, with a number of

energy enterprises completing compliance ahead of schedule,

increasing trading activity and rising awareness of emission

reduction among enterprises. Overall, the role of the national

carbon market as an important policy tool to control and

reduce greenhouse gas emissions and promote the

achievement of carbon peaking and carbon neutrality was

initially reflected.

Since the launch of the national carbon market, the market

has been active, with prices rising steadily and running smoothly.

However, some experts expressed their views on the theme of

“Promoting the Construction of a High-Quality National Carbon

Market” at the online Carbon Neutral Summit Forum, saying

that one of the main reasons for the low scale of market

transactions at this stage is the enterprise willingness to

participate in market transactions3. The enterprise willingness

to participate in the market is still to be improved. The reasons

for the low willingness of enterprises to participate in carbon

trading are probably the following. First, most enterprises have

difficulty in grasping the essence of carbon trading within a short

period of time, and lack talents with the knowledge and ability to

participate in carbon market trading. Second, the current penalty

measures are light, which leads to the lack of high restraint on

enterprise carbon emissions. Third, the instability of the policy

makes enterprises think that it is risky to participate, thus

favoring a risk-averse strategy to hold a wait-and-see attitude.

Fourth, the trading product is single, currently there are only

quotas and CCER spot, not involving futures and other carbon

quota derivatives, and the market is not liquid enough. Fifth,

some enterprises have low awareness of carbon emission

reduction, and while the overall performance is good, some

enterprises have insufficient compliance. Therefore, there is an

urgent need for in-depth research to explore the impact of the

design of enterprise carbon trading mechanism on enterprise

willingness to participate from the perspective of enterprises, so

as to improve enterprise willingness to participate in carbon

trading and actively complete their carbon emission reduction

tasks.

FIGURE 4
Volume, turnover and average price by month in the first compliance period of the national carbon trading market (unit: million tons, CNY, and
CNY per ton). Data source: Shanghai Energy and Environment Exchange https://www.cneeex.com/.

3 Source: CSCN. [EB/OL]. http://field.10jqka.com.cn/20210813/
c631838280.shtml.
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3.3 Enterprise carbon trading system
design

Combined with the introduction of carbon trading system

design in Section 3.1, the key factors affecting the effectiveness of

enterprises are considered from the perspective of enterprises. At

first, enterprises need to make a judgment on the tendency of the

required auction ratio in carbon quota acquisition based on their

own financial situation and carbon emission estimation. To meet

the different degrees of auction demand of enterprises, this study

sets up different auction ratios of carbon quota allocation. After

enterprises determine carbon quotas, they may need to purchase

carbon quotas to meet their carbon emission demand when the

actual operation situation deviates from expectations. As a

carbon asset, it is theoretically possible to either purchase a

spot directly or exercise its commercial attributes as futures.

Therefore, this study selects three types of carbon products

traded: carbon spots, which are currently implemented, and

carbon futures and carbon forward, which may be added in

the future. In addition to purchasing carbon quotas, enterprises

can offset a portion of their carbon quotas in the form of offsets.

In addition to the already implemented CCER offsets, green

power offsets and green certificate offsets also have greater

potential for the current exploration of offset mechanisms.

The current penalty of a 10,000–30,000 CNY fine is

considered by some scholars to be relatively light; therefore,

this study designed two stronger penalty schemes on this basis.

Figure 5 presents the current corporate carbon tradingmodel and

the four key factors.

Considering that the experiment should be as close to the real

situation as possible so that respondent choice results are closer

to the actual behavior, this paper sets up the operational context

of enterprise carbon trading. The state allocates the allowed

carbon emissions (i.e., initial carbon quotas) to emission-

controlling enterprises at the beginning of each year according

to the total carbon emission target so that the emission-

controlling enterprises have certain carbon emission rights in

their daily operations. If the actual carbon emissions of the

enterprise in the current year are greater than the allocated

carbon quotas, it can buy carbon quotas through the carbon

trading market, and vice versa, it can sell carbon quotas for profit.

Suppose an enterprise has 100 units of initial carbon quotas per

year, which can be freely bought, sold or traded in the middle of

the year and will be zeroed out at the end of the year.

3.3.1 The four key attributes of an enterprise
carbon trading system
3.3.1.1 Carbon quota allocation

① Free acquisition, which means that the government

allocates a certain amount of initial carbon quotas to

enterprises for free (each enterprise receives the same

amount of initial quotas when they are distributed for

free).

② Obtained by auction, which means that the government

sells the initial carbon quotas to enterprises in the form of

an auction, and the auction price is usually approximately

half of the market price (under the auction approach,

enterprises can purchase more initial quotas from the

FIGURE 5
Enterprise carbon trading system design.
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government at a lower price and sell them in the future at

the market price to earn the difference).

Whether the quotas are obtained for free or by auction, they

can be traded in the future market. The current quota auction

mechanism adopted by the EU carbon trading market is as

follows: ① Since 2013, all quotas in the electricity production

sector will be auctioned and will no longer have free quotas; for

the modernization and renewal of power generation facilities,

free quotas can continue to be granted. ② Other sectors adopt a

step-by-step transition, specifically: 80% of the total quota for

these sectors in 2013 will be free quotas, and 20% will be

auctioned; thereafter, the proportion of free quotas will be

reduced annually on average to 30% in 2020.

Referring to the auction ratio of the EU carbon trading

market and considering the actual situation of China’s

fledgling national carbon trading market, this study sets two

attribute levels: “80% for free and 20% for auction” and “60% for

free and 40% for auction”. In addition, a scenario of increasing

auction ratio is developed (Xue 2011).

3.3.1.2 Carbon product trading

According to the current policy and market mechanisms in

China, the current carbon market trading instruments mainly

focus on carbon spots. Since carbon futures and carbon forward

are two trading instruments that are expected to be utilized to

some extent in the future, they are also designed to be included.

Carbon futures are the underlying material for buying and selling

CO2 but for delivery or settlement in the future, and the carbon

forward is the agreement between two parties to buy or sell a

certain amount of carbon credits or carbon units at a certain price

at a certain time in the future.

3.3.1.3 Government penalty

Under the carbon trading mechanism, there is a constant

dynamic evolution between the government and power

generation enterprises, and the size of government penalties is

directly linked to the motivation of enterprises to reduce

emissions based on their own initiative. The current commonly

implemented penalties are fines of 10,000–30,000 CNY. However,

in early 2021, when the State collected comments on the Interim

Regulations on Carbon Emission Trading Management (Draft

Revision), many scholars proposed more severe penalties and

selected two measures with a certain degree of distinction

among many measures, including a fine of 30,000–100,000 CNY

and a fine of 2–5 times the value of carbon emission quotas

calculated by the average market price of that year.

3.3.1.4 Offset mechanisms

Offset mechanisms allow emission reductions and/or

decarbonization from sources not covered by the carbon

trading system to have an offsetting effect. Once accepted,

they are equivalent to carbon trading system allowances and

can be used to meet compliance obligations in the carbon

market. Current offset types mainly include CCER offsets,

considering other offset methods that may be tested in the

future, among which green certificate offsets can advance the

process of China’s power system reform, alleviate the current

cash flow problems of renewable energy enterprises, accelerate

the consumption of scenic power, and enhance the

penetration of non-water renewable energy generation.

Green power offsets help energy-using enterprises broaden

their emission reduction paths, promote the optimization and

adjustment of the energy consumption structure on the power

user side, enhance the comprehensive regulation capacity of

the power system, and highlight the green environmental

value attributes of new energy generation. Therefore, two

offset mechanisms are added: green power offset and green

certificate offset.

3.3.2 Trading process design of the enterprise
carbon trading system

As shown in Figure 5, Firm A and Firm B have the same

100 units of carbon quotas (gray dashed line), and if compliance

is set on an annual basis, the carbon emissions of A and B cannot

exceed the carbon quotas they have at the end of the year. If the

emissions exceed the carbon quota, enterprises will face a penalty

in the form of a fine.

Enterprise A, whose actual carbon emissions for the year are

less than 100 units (its brown part does not reach the gray dashed

line), can sell its surplus quotas (light green part) to Enterprise B.

Enterprise B, whose actual carbon emissions for the year exceed

100 units, needs to offset its excess through the offset mechanism

(dark green part) or buy it from A to complete compliance and

avoid fines.

The above process is carried out in the unified platform, and

the relevant government departments verify the carbon

transactions of enterprises annually according to the standards

set by the Ministry of Ecology and Environment and incorporate

the carbon transactions of enterprises into the management

scope of the credit system to ensure the authenticity, integrity

and accuracy of the transactions.

4 Statistics and methods

There are three main research methods in this paper, as

shown in Figure 6: the choice experiment method, the

questionnaire survey method, and the logit model. Among

them, the choice experiment method is realized by a

questionnaire survey, and the logit model is used to analyze

the data of the choice experimental method.

First, the choice set is derived by the choice experiment

method. Second, it is included in the questionnaire survey (which

has aspects other than the choice set) to collect data. Finally, the

questionnaire data are analyzed, and the factors influencing the
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willingness to participate and their degree of influence are

obtained by the logit model.

4.1 Choice experiment

The choice experiment method requires subjects to make a

choice between a set of virtual products or options in a

particular context, each option being defined by multiple

attributes, with differences in the values of the attributes

determining the differences in the options. Based on subject

decision information, the researcher is able to analyze subject

preferences for each option attribute and further assess the

value of the different attributes to provide a basis for public

policy formulation. Usually, the basic steps of the choice

experiment method are as follows: ① setting the context of

the experiment; ② selecting the experimental attributes and

their levels; ③ designing the experimental task; ④ conducting

research to collect data; and ⑤ modeling and analysis (Quan

2016).

4.1.1 Setting up the context
The context for the implementation of the experimental

approach chosen in this paper is the enterprise carbon trading

system created in Part 2, and this study is conducted on

emission-controlled power generation companies that have

participated in the national carbon trading. To facilitate

respondent understanding of how corporate carbon trading

works, we inserted an explanation of the corporate carbon

trading model into the electronic questionnaire at the

same time.

4.1.2 Attributes and attribute levels
Setting attributes and attribute levels are key factors in

selecting experimental methods, which generally follow the

following principles. First, the selected attributes should

reflect the main characteristics of the research subjects.

Second, since too many attributes will lead to an increase in

experimental complexity and may confuse participants and

reduce the accuracy of experimental results, the number of

selected attributes should generally not exceed 10. Finally, the

selected attributes should be closely integrated with the research

content.

Combined with the design of the carbon trading mechanism

of enterprises in the previous paper, this study assumes four

major attributes: carbon quota allocation, carbon product

trading, government penalty, and offset mechanism.

Considering the actual national conditions and acceptance, the

level of each attribute is shown in Table 1.

4.1.3 Experimental design
According to the number and level of attributes listed in

Table 1, a total of 81 different combinations can be obtained

(3 × 3×3 × 3 = 81). Based on the operability and

measurement efficiency, the SPSS orthogonal experiment

method was used to further derive 9 representative

individual carbon trading schemes. Using random

FIGURE 6
Research methodological logic.

TABLE 1 Attributes and attribute levels.

Attributes Levels

Carbon quota
allocation

100% for free

80% for free, 20% for auction

60% for free, 40% for auction

Carbon product
trading

Carbon Spot

Carbon Future

Carbon Forward

Government
penalty

10,000–30,000 CNY fine

30,000–100,000 CNY fine

2–5 times the value of carbon emission quotas calculated by
the average market price of that year

Offset mechanism CCER offset

Green power offset

Green certificate offset
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numbers from 1 to 9, they were randomly grouped to form

3 choice sets (see Tables 1–4), and each choice set contained

3 scenarios, each of which was composed of four major

attributes. It should be noted that considering that some

respondents might not want to participate in corporate

carbon trading, the option of “not participating in

corporate carbon trading” (i.e., option 4) was added to

each choice set.

4.2 Questionnaire design

The subject of this study is the influence of carbon trading

market mechanism design on the willingness of power

generation enterprises to participate in carbon trading;

therefore, it is reasonable to propose an hypothesis that in

which the different degrees of understanding of carbon

trading will affect the willingness of enterprises to participate

in carbon trading.

The first part is a survey on the basic situation of enterprises,

including nine basic questions, such as the city where the

enterprise is located, the type of enterprise, the installed

capacity of the enterprise, and the power generation mode

that accounts for the largest proportion of the enterprise

power generation structure.

To quantify the degree of enterprise understanding of

carbon trading, the second part of the questionnaire was set

up: the degree of understanding of the carbon trading

mechanism. Based on the literature on the concept of carbon

trading and its realization path and combined with the ten steps

of the carbon trading system for enterprises, six single- and

multiple-choice questions were set, covering the principles of

carbon trading, trading subjects, trading objects, allocation

methods, etc. These six questions have standard answers,

and the scores are used to quantify the degree of enterprise

understanding of carbon emissions.

In the third part of the survey, we set up a feedback survey

after participating in carbon trading, which was conducted from

the external factors of the enterprise, the internal factors of the

enterprise carbon trading mechanism design and the external

policy factors, to understand as much as possible all the possible

influencing factors inside and outside the enterprise in the

process of carbon trading.

The fourth part is a survey on enterprise willingness to

participate in carbon trading, including 3 choice sets (based on

the experimental design in Part 4.1, each respondent is randomly

assigned to one choice set). The 3 choice sets can be used to explore

enterprise willingness and tendency to participate and combined

with the feedback survey after participating in carbon trading in

Part 3 to better optimize the design of the enterprise carbon trading

TABLE 2 Choice set 1

Option 1 Option 2 Option 3 Option 4

Carbon quota
allocation

100% for free 80% for free, 20% for auction 60% for free, 40% for
auction

Non-participating in enterprise
carbon trading

Carbon product
trading

Carbon spot Carbon spot Carbon future

Government
penalty

10,000–30,000 CNY
fine

2–5 times the value of carbon emission quotas calculated by
the average market price of that year

10,000–30,000 CNY fine

Offset mechanism CCER offset Green certificate offset Green certificate offset

Your choice □ □ □ □

TABLE 3 Choice set 2

Option 1 Option 2 Option 3 Option 4

Carbon quota
allocation

100% for free 100% for free 60% for free, 40% for
auction

Non-participating in enterprise
carbon trading

Carbon product
trading

Carbon future Carbon forward Carbon spot

Government
penalty

2–5 times the value of carbon emission quotas calculated
by the average market price of that year

30,000–100,000 CNY
fine

30,000–100,000 CNY fine

Offset mechanism Green power offset Green certificate offset Green power offset

Your choice □ □ □ □
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mechanism to improve the willingness of emission control

enterprises to participate and enhance the emission reduction

effect.

4.3 Logit model

The logit model is one of the discrete choice method

models, which is often used in data analysis of the choice

experiment method, and it is able to study the key attributes

that affect the willingness of enterprises to participate in

carbon trading and the degree of their influence. When

using the logit model, it is necessary to first determine the

explained variables (dependent variables) and the explanatory

variables (independent variables). Second, we process the data

and set the appropriate dummy variables. Finally, we interpret

the coefficients of the logit regression results.

Therefore, to make the data convenient for statistical analysis in

the logit model, the variables need to be coded first, as shown in

Table 5. The explained variables are the fourmajor attributes and their

levels, and the explanatory variables are those related to the enterprises.

5 Results and analysis

The research objects were power generation enterprises

that have participated in national carbon trading. To ensure

the validity of the questionnaire and reduce errors, two

questions were set at the beginning of the questionnaire:

whether the company is a power generation company and

whether it has participated in the national carbon trading. The

platform was set up to screen when it was distributed; that is,

when the questionnaire was completed, if the answer to either

of the above two questions was no, the platform automatically

determined that the questionnaire was invalid. A total of

300 valid questionnaires were collected. Based on these

300 valid questionnaires, the following analysis was

conducted.

TABLE 5 Variable setting of influencing variables of participation willingness.

Attributes Definition (0-non-participation)

Explained variables Carbon quota allocation 1–100% for free; 2–80% for free, 20% for auction; 3–60% for free, 40% for auction

Carbon product trading 1-Carbon spot; 2-Carbon future; 3-Carbon forward

Government penalty 1–10,000–30,000 CNY fine; 2–30,000–100,000 CNY fine; 3-2-5 times the value of carbon emission quotas
calculated by the average market price of that year

Offset mechanism 1-CCER offset; 2-Green power offset; 3-Green certificate offset

Explanatory
variables

Type 1-State-owned enterprise; 2-Private enterprise; 3-Joint venture; 4-Foreign enterprise

Installed capacity 1-<3,000; 2–3,000–8,000; 3–8,000–12000; 4–12000–18000
Power generation method 1-Thermal power; 2-Hydro power; 3-Nuclear power; 4-Wind power; 5-Photovoltaic power

City Cities selected by the actual questionnaire, coded in order

Scores for carbon trading
knowledge

Actual scores, questions and assigned scores are shown in the original questionnaire in the appendix

TABLE 4 Choice set 3

Option 1 Option 2 Option 3 Option 4

Carbon quota
allocation

80% for free, 20% for
auction

80% for free, 20% for
auction

60% for free, 40% for auction Non-participating in enterprise
carbon trading

Carbon product
trading

Carbon future Carbon forward Carbon forward

Government
penalty

30,000–100,000 CNY fine 10,000–30,000 CNY fine 2–5 times the value of carbon emission quotas calculated
by the average market price of that year

Offset mechanism CCER offset Green power offset CCER offset

Your choice    
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5.1 Basic situation analysis of enterprises

Four basic questions were set in the first part of the

questionnaire: the city where the enterprise is located, the type

of enterprise, the installed capacity of the enterprise, and the

power generation method that accounts for the largest

proportion of the enterprise power generation structure. The

results are as follows:

For the city where the enterprise is located, a total of

22 provinces were involved, as shown in Figure 7, where the

three provinces with the largest share were Beijing (26%), Hebei

(14%), and Tianjin (11%). The diversity of provinces also

ensured the richness of the questionnaire to a certain extent

and reduced the impact caused by the variability of the degree of

carbon trading implementation among enterprises in different

cities.

For the types of enterprises, as shown in Figure 8, the

proportion of state-owned and non-state-owned enterprises in

the sample was not very different, which could avoid the situation

in which the research results were only applicable to state-owned

enterprises and could not be useful for all power generation

enterprises to a certain extent.

For the enterprise installed capacity, the 2021 China Electricity

Map of the country’s total installed electricity capacity layout

released by the National Energy Administration shows an

installed capacity span of 0–18,000 million kilowatts. Based on

FIGURE 7
Distribution of cities.

FIGURE 8
Distribution of enterprise types.

FIGURE 9
Distribution of enterprise installed capacity.
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this layout map, 3,000, 8,000, and 12,000 three split lines were set

(in million kilowatts). The results are shown in Figure 9, which

shows that the vast majority of the installed capacity range was

focused on a range of 3,000–12000 million kilowatts, accounting

for a total of 92%. The data span well.

The generation method that accounts for the largest share of

the enterprise power generation structure is shown in Figure 10.

Although thermal power generates carbon emissions, it is still

inevitable that it was the largest power generation method in the

corporate power generation structure. On the other hand, various

clean energy sources other than thermal power accounted for a

total of 59%, and the most used among the various clean energy

sources was hydro power, which showed that enterprises are also

attempting to shift to clean energy.

5.2 Analysis of the level of knowledge
about carbon trading of enterprises

In the second part of the questionnaire, six questions related to the

carbon trading mechanism of enterprises were included, each with a

unique correct answer, providing 1 point for a correct single choice

question and 1 point for each correct choice of a multiple choice

question, for a total score of 10 points. The results were as follows:

2 points (11%), 3 points (13%), 4 points (27%), 5 points (15%), 6 points

(16%), 7 points (8%), 8 points (9%), and 9 points (1%). Overall, the

majority of the scores were 4–6, and the specific calculation showed

that the average score was 4.77, which did not reach half of the total

score, indicating thatmost enterprises are still in a relatively elementary

understanding of the carbon trading mechanism, i.e., the degree of

understanding is not high.This also indicates that the power generation

enterprises participating in the national carbon trading still need to

further learn the relevant knowledge and understand the carbon

trading mechanism more deeply.

A further cross-tabulation analysis was performed with the

type of enterprise, as shown in Figure 11. State-owned enterprises

scored from 2 to 9 points, private enterprises scored from 2 to

8 points, and joint ventures scored from 2 to 6 points. At the same

time, the calculation yielded an average score of 5 for state-owned

enterprises, 4.48 for privately owned enterprises, and 4.25 for joint

ventures. On the one hand, there was a large difference in the

scores of the same type of enterprises. On the other hand, the

overall level of understanding of joint ventures was lower, while the

level of understanding of state-owned enterprises was relatively

high compared to that of private enterprises and joint ventures.

5.3 Analysis of external carbon trading
policy factors of enterprises

Considering the current implementation of national carbon

trading and policy support, three policy factors were designed to

improve the efficiency of enterprises, and the questions were also

included as ranking questions without restricting the number of

rankings. The results show that the first choice of “allow

preborrowing between compliance periods” was 29%, the first

choice of “allow storage between performance periods” was 55%,

and the first choice of “allow flexible adjustment of the length of

the performance period” was 16%. More than half of the

enterprises preferred “allow storage between performance

periods.” If we disregard the ranking and only consider

whether or not to choose, the results still indicate that the

largest number of enterprises (85%) chose the option “allow

storage between performance periods.” By implementing storage,

it is possible to achieve emission reductions in the present in

exchange for increased emissions in the future. Storage can

facilitate cost-effective emission reductions by providing the

flexibility needed for those wishing to reduce emissions earlier,

thereby preparing for more stringent total controls in the future.

5.4 Research analysis of enterprise
willingness to participate in carbon trading

5.4.1 Analysis of the impact of enterprise carbon
trading attributes on willingness to participate

In this section, the impact of the four main attributes of the

enterprise carbon trading system (carbon quota allocation,

carbon product trading, government penalty, and offset

mechanism) on enterprise willingness to participate in carbon

trading is investigated. Using econometric Stata 16.0 software, a

conditional logit model was applied in the analysis, and the

results are shown in Table 6.

FIGURE 10
Distribution of enterprise power generation types.
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FIGURE 11
Cross-tabulation analysis of enterprise type and carbon trading mechanism knowledge score.

TABLE 6 Conditional logit model regression results.

Attributes Levels Coefficients z value Odds

Carbon quota allocation 100% for free −0.36* −0.38 0.70

80% for free, 20% for auction —— —— ——

60% for free, 40% for auction −0.81*** −1.55 0.44

Carbon product trading Carbon spot 1.02*** 2.49 2.77

Carbon future 1.95** 4.95 7.04

Carbon forward —— —— ——

Government penalty 10,000–30,000 CNY fine −2.77*** −6.77 0.06

30,000–100,000 CNY fine 0.36*** 0.74 1.43

2–5 times the value of carbon emission quotas calculated by the average market price of that year —— —— ——

Offset mechanism CCER offset 0.81*** 1.55 2.25

Green power offset 3.05*** 5.74 21.21

Green certificate offset —— —— ——

N —— 300 —— ——

Pseudo R2 —— 0.2502 —— ——

LR chi2 —— 287.19 —— ——

Log likelihood —— −430.33 —— ——

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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In Table 6, the coefficients are the original values of the

regression results, which indicate the utility of the attribute level

to influence the willingness of firms to participate in carbon

trading; the z value is used tomeasure the variance multiple of the

deviation of the sample mean from the overall mean, i.e., the

degree of deviation from the variance. As a non-linear model, the

regression coefficients of the conditional logit model are not

directly interpreted as the marginal impact of each attribute level

on decision-making, but the impact of the respective variables on

individual program choice can be intuitively reflected by

calculating the chance ratio (odds ratios) of each attribute

level. In this study, the variables with relatively low levels

under each attribute were selected as the reference group.

In the bottom part of Table 6, pseudo R2 values indicate the

explanatory power of independent variables in the model on the

variance of the dependent variables, which ranges from 0 to 1.

The larger the value is, the stronger the explanatory power. In this

study, pseudo R2 = 0.2502, indicating that the model analytical

results can be accepted. LR chi2 is used to test the independence

or determine the association between the categorical variables.

The log-likelihood value indicates the value of the log-likelihood

function that maximizes it, and usually it is negative.

Table 6 shows that only the “100% for free” of carbon quota

allocation is significant at the 10% confidence level, and carbon

futures of carbon product trading attributes is significant at the

5% confidence level, while all the remaining levels are significant

at the 1% confidence level, which has a significant impact on

enterprise willingness to participate in carbon trading. The

magnitude of the coefficients in the table reflects the relative

importance of the impact of the corresponding level variables of

the set attributes on the willingness of enterprises to participate in

carbon trading. Combining the coefficients and chance ratios in

the table, it can be concluded that the influence of all attribute

levels on the willingness to participate in the national carbon

trading power generation enterprises is ranked from largest to

smallest: offset mechanism > carbon product trading >
government penalty > carbon quota allocation.

(1) The offsetting mechanism has the greatest impact on

enterprise willingness to participate in carbon trading, and

the utilities are all positive. Among them, CCER offset can

increase surveyed enterprise willingness to participate in

carbon trading by 0.81 times compared to green

certificate offset, while green power offset can increase

surveyed enterprise willingness to participate in carbon

trading by 3.05 times. An ideal situation is that, although

purchasing green power may cost more, enterprises can use

green power certificates to convert a certain amount of

carbon emission reduction, saving their own carbon

emission quotas, which can be used as an important basis

for carbon emission reduction when verifying carbon

emissions, which is also the future development trend. In

addition, enterprises can also use the “green certificate” as a

basis for carbon tariff reductions for export products, and if

there is a balance of carbon quotas, they can also be listed and

traded in the future. By purchasing green power, power

enterprises not only meet the demand of clean energy

production but can also obtain authoritative green

environmental value certification, achieving a high degree

of unity of economic, social, and environmental benefits.

(2) The degree of influence of carbon product trading on the

willingness to participate is in second place. Compared with

carbon forward, choosing carbon spots and carbon futures as

carbon products can increase the willingness of enterprises to

participate in carbon trading by 1.02 times and 1.9 times,

respectively. While both carbon futures and carbon forward

involve delivery and payment in the future, the major

difference between the two is that futures are standardized

and traded on an exchange, while forward is privately

negotiated and executed by several parties. For example,

certified emission reductions (CERs) generated from clean

development mechanism (CDM) projects are often traded in

the form of carbon forward. The parties enter into a contract,

specifying the future price, quantity, and timing of the

carbon credits or units to be traded, before initiating a

project. They are non-standardized contracts that are not

generally traded on an exchange, and the price, timing, and

location of the product are negotiated through the over-the-

counter market, but they are susceptible to project default

risk due to the looser regulatory structure. Therefore, carbon

futures have less market risk than carbon forward.

(3) Among the government penalties, different penalty schemes

present different impact effects. A fine of

10,000–30,000 CNY will decrease enterprise willingness in

participating in carbon trading by 2.77 times, while a fine of

30,000–100,000 CNY will increase enterprise willingness in

participating in carbon trading by 0.36 times. Compared to

the current measure of a 10,000–30,000 CNY fine already in

place, the option of a 30,000–100,000 CNY fine only has an

increase in quantity but is not affected by the carbon price in

the real-time carbon market. In contrast, a fine of 2–5 times

the value of carbon emission quotas calculated by the average

market price of that year is much higher than the first two

options in terms of risk, and the degree of penalty may

become the largest. According to the above analysis, it can be

seen that for enterprises, although most of them think that

the current penalties are not obvious for promoting their

business, they do not want to take too much risk themselves.

(4) Among the attributes studied, carbon quota allocation is the

last one in terms of relative importance for enterprise

willingness in participating in carbon trading. In the

carbon quota allocation, taking “80% for free, 20% for

auction” as the reference, choosing “100% for free” will

reduce the willingness to participate by 0.36 times, and

choosing “60% for free, 40% for auction” will reduce the

willingness to participate by 0.81 times. This may indicate
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that auctioning a certain percentage of carbon quotas helps

enterprises make flexible arrangements to make judgments

to obtain as much corporate benefits as possible, while

auctioning more than a certain percentage of carbon

quotas may play a counterproductive role; therefore, the

20% auction ratio is more moderate for enterprises.

The last column in Table 6 shows the chance ratio of each

attribute level, which indicates the value of the relative

probability change of the chosen option caused by a certain

attribute level when the interaction of each attribute is held

constant for other attribute levels. Depending on the sign and

magnitude of the model parameter estimates, the relative value of

the change in the probability of the chosen option can reflect the

influence of each attribute level on people’s choice decision. In

the offset mechanism, the probability of being selected will

increase by 225% if changing from the reference scheme green

certificate offset to the CCER offset and by 2,121% if changing to

the green power offset. In the case of carbon product trading, the

probability of being selected increases by 277% if the reference

option is changed from carbon forward to carbon spots and by

704% if the reference option is changed to carbon futures. In

terms of the government penalty, if the reference option is

changed from “2–5 times the value of carbon emission quotas

calculated by the average market price of that year” to

“10,000–30,000 CNY fine,” the probability of being selected

for this option will decrease by 94%, and if it is changed to

“30,000–100,000 CNY fine,” the probability of being selected will

increase by 43%.

5.4.2 Heterogeneity analysis of enterprise
willingness to participate in carbon trading

To further analyze the magnitude and direction of the

influence of enterprise characteristic factors on the willingness

of enterprises to participate in carbon trading, this paper adopts a

multinomial logit regression model (mlogit) and incorporates

five factors, which are enterprise type, enterprise installed

capacity, enterprise power generation method, enterprise city,

and carbon trading knowledge score, into the analysis from the

four attributes that constitute enterprise carbon trading: carbon

quota allocation, carbon product trading, government penalty,

and offset mechanism.

n the mlogit models of the five attributes, the significance of

the model likelihood ratio test is less than 0.001, and the

significance of the goodness of fit is greater than 0.05,

indicating that the original hypothesis can be accepted; that is,

the model using the mlogit model to analyze the influence of the

basic characteristics of enterprises and the degree of knowledge of

carbon trading on enterprise willingness to participate in carbon

trading is valid. The regression results of the parameters of the

model are shown in Tables 7–10. The coefficients in the tables are

the original values of the regression results, which indicate the

degree of influence of enterprise characteristic factors on the

tendency to choose the four major attributes; RRR (relative risk

ratio) is the ratio of two probabilities; the explained variables are

the four major attributes of carbon quota allocation, carbon

product trading, government penalty and offset mechanism; and

the explanatory variables are enterprise type, installed capacity,

power generation method, city, and knowledge of carbon trading.

From the model results, it can be seen that the carbon

trading knowledge score, generation method and type all have

significant effects on enterprise willingness to participate in

carbon trading.

The carbon trading knowledge score affects three aspects of

carbon trading, namely, the carbon quota allocation, government

penalty and offset mechanism. As shown in Table 7, the

willingness of enterprises to purchase a larger proportion of

carbon quotas increases with the level of knowledge about carbon

trading. The coefficients of “100% for free,” “80% for free, 20% for

auction,” and “60% for free, 40% for auction” are 0.03, 0.03, and

0.03, respectively, indicating that the three scores have a positive

effect on enterprise willingness to participate in carbon trading.

The relative risk ratios are 1.03, 1.12, and 1.17, respectively,

indicating that for every 1 point increase in the knowledge score

of carbon trading, the probability of choosing the three levels of

quotas will increase by 3%, 12%, and 17%, respectively, compared

to the group that is unwilling to participate in enterprise carbon

trading. The cross-sectional comparison also shows that the more

TABLE 7 Influence of enterprise characteristics on the choice of carbon quota allocation when participating in carbon trading.

Explanatory
variables

100% for free/
Non-participation

80% for free/
Non-participation

60% for free/
Non-participation

Coefficients RRR Coefficients RRR Coefficients RRR

Type 0.06** 1.13 0.13*** 1.22 0.22* 1.37

Installed capacity 0.08 1.08 0.14 1.15 0.18 1.20

Power generation method 0.04** 1.04 0.16** 1.17 0.21* 1.24

City −0.03 0.97 −0.05 0.96 0.01 1.05

Score 0.03*** 1.03 0.14*** 1.12 0.22** 1.17

Note: ***, **, * indicate that it is significant at the 1%, 5% and 10% levels, respectively.
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people that know about carbon trading, the more willing they are

to reduce enterprise carbon emissions by purchasing carbon

quotas. Similarly, it can be seen from Tables 9, 10 that, all

other things being equal, the probability of choosing the

CCER offset, green power offset and green certificate offset

increases by 13%, 27%, and 16%, respectively, for every 1-

point increase in the knowledge score of carbon trading

compared to not participating in enterprise carbon trading.

Compared to not participating in carbon trading, the

probability of a fine of 10,000–30,000 CNY, a fine of

30,000–100,000 CNY, and a fine of 2–5 times the value of

carbon emission quotas calculated at the average market price

for that year increases by 12%, 16%, and 8%, respectively. It can

be seen that the offset mechanism and government penalties for

green power offset and the fines of 30,000–100,000 CNY are

more favorable.

TABLE 8 Influence of enterprise characteristics on the choice of carbon product trading when participating in carbon trading.

Explanatory
variables

Carbon spot/
Non-participation

Carbon future/
Non-participation

Carbon forward/
Non-participation

Coefficients RRR Coefficients RRR Coefficients RRR

Type −0.16 0.85 −0.08 0.92 −0.04 0.96

Installed capacity 0.18 1.20 0.19 1.21 −0.11 0.89

Power generation method −0.05* 0.95 −0.15* 0.84 −0.34** 0.61

City 0.01 1.01 −0.04 0.96 −0.06 0.94

Score −0.15 0.86 −0.12 0.89 −0.11 0.90

Note: ***, **, * indicate that it is significant at the 1%, 5% and 10% levels, respectively.

TABLE 9 Influence of enterprise characteristics on the choice of government penalty when participating in carbon trading.

Explanatory
variables

10,000–30,000 CNY fine/
Non-participation

30,000–100,000 CNY fine/
Non-participation

2–5 Times the value of
carbon emission quotas
calculated by the average
market price of that year/
Non-participation

Coefficients RRR Coefficients RRR Coefficients RRR

Type −0.07** 0.93 −0.12** 0.89 −0.34*** 0.71

Installed capacity −0.14 0.87 0.27 1.31 0.10 1.10

Power generation method 0.03 1.07 0.12 1.23 0.26 1.42

City −0.02 0.98 0.01 1.01 −0.06 0.94

Score 0.14*** 1.12 0.19** 1.16 0.12** 1.08

Note: ***, **, * indicate that it is significant at the 1%, 5% and 10% levels, respectively.

TABLE 10 Influence of enterprise characteristics on the choice of offset mechanism when participating in carbon trading.

Explanatory
variables

CCER offset/
Non-participation

Green power offset/
Non-participation

Green certificate offset/
Non-participation

Coefficients RRR Coefficients RRR Coefficients RRR

Type −0.15 0.86 −0.13 0.88 −0.03 0.97

Installed capacity 0.17 1.19 0.15 1.16 −0.07 1.07

Power generation method 0.19 1.20 0.10 1.10 0.24 1.28

City −0.04 0.97 0.01 1.01 −0.07 0.93

Score 0.1*** 1.13 0.25* 1.27 0.13* 1.16

Note: ***, **, * indicate that it is significant at the 1%, 5% and 10% levels, respectively.
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The power generation method affects two aspects of

enterprise carbon trading, namely, carbon quota allocation

and carbon product trading. As shown in Table 7, with the

transition from non-clean energy to clean energy, for carbon

quota allocation, the probability of choosing “100% for free,”

“80% for free, 20% for auction,” and “60% for free, 40% for

auction” increases by 4%, 17%, and 21%, respectively, compared

to not participating in carbon trading. As seen from Table 8, the

probability of choosing carbon spots, carbon futures, and carbon

forward decreases by 5%, 16%, and 39%, respectively, for carbon

product trading. Specifically, the reasons for this are as follows:

for carbon quota allocation, as power generation transitions from

non-clean to clean energy, carbon emissions are relatively

decreasing, which in turn leads to a lower demand for

purchasing carbon credits to reduce enterprise carbon

emissions; then, the demand for the auction ratio decreases.

For carbon product trading, it can be seen that carbon spots to

carbon futures and then to carbon forward is transformed to

allow the price of buying or selling to be determined in the

present, and the requirement for delivery and payment will be

reflected in the contract as a specific date in the future. As power

generation methods transition to clean energy and carbon

emissions are relatively lower, the need for carbon credits and

the timing of delivery are gradually decreasing, and often the

carbon spot trading method will meet the current needs of

enterprises.

The type of enterprise affects two aspects of enterprise carbon

trading, namely, carbon quota allocation and government

penalties. As seen from Table 7, with the change in enterprise

type from state-owned enterprises to non-state-owned

enterprises, the probability of choosing “100% for free,” “80%

for free, 20% for auction,” and “60% for free, 40% for auction” for

carbon quota allocation decreases by 13%, 22%, and 37%,

respectively. As shown in Table 9, the probability of choosing

a fine of 10,000–30,000 CNY, a fine of 30,000–100,000 CNY, and

a fine of 2–5 times the value of carbon emission quotas calculated

by the average market price of that year decreases by 7%, 11%,

and 29%, respectively, for the government penalty. This may be

explained by the fact that non-state-owned enterprises are less

capable of regulating carbon emissions and less flexible in

adjusting them compared to state-owned enterprises and

have a higher probability of actual carbon emissions higher

than expected or the initial allocated value of carbon quotas.

Thus, non-state-owned enterprises may purchase a larger

percentage of carbon quotas to reduce carbon emissions on

the one hand and may hope the penalties will be skewed to a

lesser degree when there is overdue clearance of carbon quotas

on the other hand.

From Table 7 to Table 10 it can be seen that there is no

significant effect of installed capacity and city on each attribute of

enterprise carbon trading. The reason for this phenomenon is

that the installed capacity is not sensitive to the enterprise

willingness to participate in carbon trading, and most of the

surveyed enterprises are located in the first and second tier cities

with more developed and modernized economies, and the

enterprises in these cities have the practical foundation and

certain theoretical knowledge of enterprise carbon trading, so

there is not much difference in the willingness of the surveyed

enterprises to participate.

6 Policy recommendations

On the basis of exploring the basic situation of power

generation enterprise participation in carbon trading and their

understanding of carbon trading, this paper focuses on

measuring the impacts of changes in the design of the carbon

trading mechanism on enterprise willingness to participate in

carbon trading and the impact of enterprise heterogeneity factors

on enterprise willingness to participate in carbon trading. Based

on the research results, the following policy recommendations

are proposed to help improve the construction of the carbon

trading market, increase enterprise willingness to participate in

carbon trading, and actively complete carbon emission reduction

tasks.

First, carbon quotas should be allowed to be stored between

different compliance periods. The results of the questionnaire

show that for different policy support options, the highest

number of enterprises chose the option “allowing storage

between compliance periods,” with a preference of 85%. By

implementing storage, emission reductions can be achieved in

the present in exchange for increased emissions in the future.

Storage can facilitate cost-effective emission reductions by

providing the flexibility needed for those wishing to reduce

emissions earlier, thereby preparing for more stringent total

controls in the future.

Second, there should be a focus on training professional

talent. Research shows that the degree of understanding of

carbon trading has a significant positive correlation with the

enterprise willingness to participate in carbon trading.

Therefore, cultivating a group of high-level talents who are

familiar with the carbon trading mechanism and carbon trading

instruments will not only lay a solid foundation for the

construction of the national carbon market, but also

effectively increase the enterprise willingness to participate in

carbon trading and achieve the task of carbon emission

reduction.

Third, relevant policy tendencies should be adjusted based

on the influence of enterprise carbon trading attributes on

willingness to participate. In regard to carbon quota

allocation, the scenario results simulated in this study can be

used as a reference, i.e., increasing the appropriate proportion

of auctioned carbon quotas can help increase enterprise

willingness to participate. In regard to carbon product

trading, carbon spots still play an important and

irreplaceable role, and if we want to increase the types of
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carbon product trading, we may consider carbon futures, which

has the greatest impact on enterprise willingness to participate.

In regard to offset mechanisms, although there are advantages

and disadvantages for each of the three offset mechanisms, this

study shows that green power trading is preferred by enterprises

in the current situation, which also indicates that this offset

mechanism may have greater potential. In regard to

government penalties, this study shows that most companies

believe that the current penalties, while light, need to be

moderately increased.

Fourth, the response measures on the enterprise side of

carbon trading should be improved. When the proportion of

auction options available for carbon quota acquisition increases

in the future, research shows that the willingness to participate

will show a trend of rising first and then falling; therefore,

power generation enterprises, after considering their own

financial situation and development plans, can appropriately

consider raising the budget for purchasing carbon quotas in the

auction session based on the carbon quotas issued by the state

for free. In terms of carbon quota trading, carbon futures and

carbon forward are expected to enter the carbon market with

the increasing number of carbon products in the future. Based

on the results of this study, it can be seen that if companies want

to try new types of carbon product trading, carbon futures will

be a good choice, based on the fact that they are proficient in

trading with carbon spots. In addition to purchasing carbon

quotas, companies can also use offset mechanisms to offset a

portion of their carbon quotas. As offset mechanisms become

increasingly abundant, enterprises can selectively prefer to

expand green power offsets to achieve carbon quota

reductions. The purchase of green power by power

companies not only meets the demand for clean energy for

production but also obtains authoritative green environmental

value certification, achieving a high degree of unity in regard to

economic, social and environmental benefits. At the same time,

with the trend of increasing penalties, companies need to be

more cautious in thinking about the larger corporate costs of

not completing carbon emissions and should shift from

thinking about offsetting government penalties with

corporate benefits generated by carbon emissions to thinking

about how to maximize corporate benefits based on completing

carbon emissions on time.

Ffth, the system construction should be improved to promote

the stable development of the carbon market. On the one hand,

research shows that the existing carbon spot trading does not fully

meet the needs of enterprises, and the current trading single

product is relatively single. Therefore, the national level needs to

improve the construction of the carbon market as soon as possible,

so as to prepare for the introduction of new trading products in the

future. On the other hand, the impact of offset mechanism on

enterprise willingness to participate in carbon trading shows that

both green power offset and green certificate offset play a certain

degree of role in promoting carbon trading compared with CCER

offset. Therefore, we can consider the introduction of both green

power and green certificate markets, vigorously develop the

integration market, and establish a nationwide unified carbon

emission trading system with a large market.

7 Conclusion

This study applied the choice experiment method, combined

with a conditional logit model and multinomial logit model, to

explore the study of the impact of carbon trading market

mechanism design on power generation enterprise willingness

to participate and came to the following conclusions:

First, this study shows that the influence of four key attributes

of the existing enterprise carbon trading model on the willingness

of power generation enterprises that have participated in national

carbon trading to participate is ranked from largest to smallest:

offset mechanism > carbon product trading > government

penalty > carbon quota allocation. Among the different

attribute levels of each key attribute, enterprises are most

inclined at an attribute level of “80% for free, 20% for

auction” for the carbon quota allocation attribute, an attribute

level of carbon futures for the carbon product trading attribute,

an attribute level of “30,000–100,000 CNY fine” for the

government penalty attribute, and an attribute level of green

power offset regarding the offset mechanism.

Second, this study shows that three heterogeneous factors,

enterprise type, enterprise generation method and enterprise

carbon trading knowledge score, all affect enterprise

willingness to participate in carbon trading. Among them,

enterprise type affects the carbon quota allocation factor and

government penalty factor; the enterprise generation method

affects the carbon quota allocation factor and carbon product

trading factor; and the enterprise carbon trading knowledge score

affects the carbon quota allocation, government penalty and

offset mechanism of enterprise carbon trading.

Third, relevant policy recommendations are proposed to

promote the construction of enterprise carbon trading

mechanisms and enhance enterprise willingness to participate in

carbon trading. According to the degree of influence of the four

attributes on enterprise willingness to participate in carbon trading,

the policy implementation tendency of carbon quota allocation,

carbon product trading, offset mechanism and government penalty

is appropriately adjusted. The construction of storage between

different compliance periods, the construction of professional

talent, the enterprise response measures and the construction of

overall carbon market system should also be promoted.
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