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Abstract 

Under the policy framework highlighted by the 20th National Congress of the Communist Party of China, which advocates for 

‗actively and steadily promoting carbon peak and carbon neutrality‘, this study investigates the pricing mechanism of China 

Emission Allowance (CEA) swing options in the carbon market, aligned with the practical needs of the ‗Interim Regulations on 

the Management of Carbon Emission Trading‘. In line with the policy outlined by the 20th National Congress of the 

Communist Party of China, which emphasizes the "active and steady progress toward carbon peaking and carbon neutrality," 

this paper delves into the pricing mechanism of CEA swing options in the carbon market. This article mainly introduces the 

CEA swing option product, which is an innovative financial instrument that aims to provide flexible risk management means 

for high-carbon emission industries such as electricity, petrochemicals and manufacturing. This paper analyses the descriptive 

statistical results of the characteristics and data of the CEA market, based on the Market regional conversion model, and 

adjusts it in combination with the stochastic fluctuation model, so as to determine the CEA value model. At the same time, this 

article also emphasises the importance of implementing a flexible product management mechanism, including risk tips, 

regulatory measures, and rolling issuance and adjustment strategies for products to ensure that products can effectively serve 

the needs of the target market. The research results of this article play an important role in improving the liquidity of the 

carbon market and helping relevant enterprises avoid the risks caused by fluctuations in the price of carbon emissions. By 

introducing swing options, it can not only provide more flexible risk management tools for high-carbon emission enterprises, 

but also promote the healthy development of the carbon emission trading market and encourage more market entities to 

participate in energy conservation and emission reduction actions. 
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1. Product Overview and Design 

Concept 

 

1.1. Background of Product Design 

Global climate change has become a central focus of in-

ternational concern, with governments and organizations 

worldwide taking measures to address this critical issue [8]. 

The carbon emissions trading market serves as a pivotal 

mechanism for combating climate change, increasingly 

acknowledged for its effectiveness [9]. This market enables 

governments to set a cap on total carbon emissions and allo-

cate CEA to businesses, which may then trade these quotas, 

thus fostering economic incentives for emission reduction [7]. 

China has committed actively to addressing climate 

change, particularly through carbon emissions management. 

As outlined by the Chinese government, carbon emissions 

are projected to peak before 2030 and achieve carbon neu-

trality by 2060. These objectives not only reflect China's 

resolve in global climate governance but also its dedication 

to sustainable development. In 2021, the Chinese govern-

ment inaugurated the national carbon emissions trading mar-

ket, designed to facilitate carbon emission reduction through 

market mechanisms [1]. 

Aligning with international carbon markets, China is dedi-

cated to establishing a linkage with global markets [2]
1
. 

Through this mechanism, China aims to make a significant 

contribution to the achievement of global emission reduction 

targets while fostering the green transformation of its econ-

omy [12, 14]. The establishment of the national carbon emis-

sions trading market represents a critical step for China in the 

global carbon market. Initially, this market primarily focused 

on the power industry, a significant source of carbon emis-

sions. By setting emission quotas for power companies and 

enabling them to trade these quotas, this mechanism seeks to 

encourage enterprises to enhance energy efficiency and re-

duce carbon emissions. 

Overall, China's carbon emissions trading market serves as 

a vital tool for achieving carbon emission targets, enabling 

enterprises to lower emissions through market-driven mech-

anisms and contributing to global climate objectives. The 

                                                   
1 As of the end of 2023, the cumulative transaction volume of carbon emission 

allowances in the national carbon emission trading market reached 442 million 

tons, with a cumulative transaction value of 24.919 billion yuan. The trading 

scale of the second compliance period has significantly increased compared to the 

first compliance period. As of October 11, 2024, the cumulative transaction vol-

ume of carbon emission allowances in the national carbon market reached 

484,429,596 tons, with a cumulative transaction value of 28,760,279,695.33 

yuan. The price trend of the carbon market is also on the rise. Since its launch in 

2021, carbon trading prices have steadily increased, with the allowance price first 

breaking 100 yuan/ton on April 24, 2024. The trading volume and price in Sep-

tember also saw significant growth, with the average daily transaction volume 

increasing by nearly 35% compared to August, and the average closing price 

being 93.66 yuan/ton. After construction and operation, the trading scale of Chi-

na's carbon market is gradually expanding, with trading prices steadily rising and 

trading entities becoming more active. In the future, the expansion of the carbon 

market and policy adjustments will further promote its development, and China's 

carbon trading market will become more mature. 

future enhancement and expansion of this market are ex-

pected to profoundly influence global climate governance. 

1.2. Product Design Concept 

Although the carbon market has played a significant role 

in promoting emission reductions, its price volatility has be-

come a key issue constraining the stable operation of the 

market. Carbon emission allowances prices are influenced by 

multiple factors such as policy adjustments, energy price 

fluctuations, and macroeconomic conditions, exhibiting sig-

nificant volatility characteristics. For instance, in 2022, the 

EU carbon market price once exceeded 100 euros per ton, 

but then plummeted due to factors such as the energy crisis. 

This volatility brings substantial cost uncertainty to emission 

control companies, increasing their compliance risks; at the 

same time, it affects the willingness of financial institutions 

and investors to participate, limiting the liquidity and depth 

of the carbon market. 

In the carbon emission trading market, traditional carbon 

market derivatives such as futures and vanilla options are 

commonly employed for risk management [4, 6]. However, 

these often deliver a single, fixed trading strategy that may 

not fully accommodate the complexity and uncertainty of 

price and quota fluctuations in the carbon market [5]. The 

limitation of such products is that participants in the carbon 

emission market frequently need to modify the quantity of 

carbon emission allowances they purchase or sell in response 

to market dynamics. Essentially, participants must meticu-

lously manage the dual risks of quantity and price that they 

encounter in the carbon market. 

Against this backdrop, the development of a more flexible 

financial derivative has become an urgent need. A swing 

option, as an option product that allows the holder to exer-

cise multiple times within a specific period, can provide 

market participants with more refined risk management tools, 

effectively addressing the volatility of carbon emission al-

lowances prices. Therefore, designing a swing option prod-

uct based on carbon emission allowances not only has theo-

retical innovation but also offers new solutions for the stable 

operation and sustainable development of the carbon market. 

The fundamental concept of this product design is to offer 

a carbon financial instrument—a carbon quota swing op-

tion—that facilitates flexible risk management of CEQ 

through financial innovation, designed to meet the varied 

needs of carbon market participants in navigating price fluc-

tuations and quota adjustments. The swing option, a novel 

type of derivative, is crafted to provide holders the ability to 

adjust the quantity of CEQ bought and sold multiple times 

within a designated period, thereby bolstering their risk man-

agement capabilities amid market volatility. 

The introduction of swing options addresses the need for 
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managing these dual risks, offering participants more adapt-

able and effective risk management tools. These tools allow 

for the flexible adjustment of allowance quantities in various 

market conditions, responding to substantial market price 

swings and achieving more accurate risk hedging. This 

adaptability is especially critical in the carbon market, influ-

enced by factors such as policy shifts, market supply and 

demand changes, and macroeconomic conditions. Swing 

options enable participants to promptly adjust their allow-

ance strategies when these factors affect market prices, effec-

tively managing their risk exposure. For example, if the mar-

ket anticipates a significant rise in future carbon prices, hold-

ers can hedge against this risk by increasing their allowance 

purchases; alternatively, if a decline is expected, they can 

sell more allowances to secure the current price level. 

In addition, this study also considers product design from 

the perspective of aiding market participants in optimizing 

their balance sheets [3, 10]. Through this flexible option tool, 

participants can maintain control over their carbon emission 

costs in a complex market environment, alleviating financial 

strain caused by price volatility. The introduction of CEA 

swing options also contributes to the further development 

and maturation of the carbon market, enhancing market li-

quidity and improving market efficiency. 

As an innovative financial tool, CEA swing options offer 

carbon market participants a more flexible and efficient risk 

management solution. This tool enables participants to better 

handle market price fluctuations and quantity risks, as well 

as optimize their corporate balance sheets in an ever-

changing market environment, achieving precise manage-

ment of carbon emission market risks under reduced finan-

cial pressure. 

1.3. Research Significance 

Against the backdrop of global climate change response, 

the carbon market, as an important tool for promoting the 

achievement of emission reduction targets, has increasingly 

attracted attention. However, the drastic fluctuations in CEA 

prices have brought significant risks to emission control en-

terprises, financial institutions, and other market participants, 

urgently requiring effective risk management tools. Swing 

options, as a flexible financial derivative, can provide protec-

tion against price volatility for market participants, while 

enhancing market liquidity and price discovery functions. 

This paper develops and designs swing option products 

based on CEA, not only filling the gap in the research field 

of carbon market financial derivatives but also facilitating 

risk refinement management under the "dual carbon" goals. 

In addition, this research helps to promote the deep integra-

tion of the carbon market with the financial market, encour-

age the diversified development of carbon financial products, 

and thus enhance the operational efficiency and stability of 

the carbon market. Therefore, the research in this paper has 

significant theoretical value and practical significance, 

providing new ideas and solutions for the healthy develop-

ment of China's and even the global carbon market. 

2. Product Underlying Asset: The 

Market Characteristics and Modeling 

of CEA 

CEA serve as the core carbon reduction permits in China's 

national carbon market, regulated by the Ministry of Ecology 

and Environment, and represent a specific quantity of carbon 

dioxide emission rights [13]. The government allocates CE-

As to enterprises to meet emission reduction targets, using 

market mechanisms to allocate and control emissions effec-

tively. Enterprises may purchase carbon emission allowances 

or trade surplus allowances [11]. CEA trading is influenced 

by market supply and demand dynamics and the impact of 

policies, with allocations based on historical emissions and 

industry benchmarks. CEAs have a defined validity period, 

and enterprises must possess sufficient CEAs to cover their 

emissions; failing to do so results in penalties for non-

compliance. The investment value of CEAs is affected by 

various factors, including policy changes, market supply and 

demand, and international carbon prices. As China's carbon 

market matures, the investment value of CEAs becomes in-

creasingly significant. 

2.1. Characteristics, Influencing Factors, and 

Functions of CEA 

The characteristics of CEA primarily encompass: 

1) Government Allocation: The initial allocation is con-

ducted by the Ministry of Ecology and Environment or 

its authorized agencies, based on factors such as histor-

ical emissions of enterprises and industry benchmarks. 

2) Tradability: Enterprises holding CEA can buy and sell 

in the carbon market. Enterprises that reduce emissions 

can sell their surplus CEA, while those requiring addi-

tional quotas can purchase them. 

3) Validity Period: CEAs typically have a designated va-

lidity period, such as a trading year. Enterprises must 

use or trade their held CEA within this period or they 

may face fines or other penalties. 

4) Compliance Requirements: Enterprises must ensure 

that the amount of CEA they hold is sufficient to cover 

their actual emissions during the reporting period; fail-

ing to do so may lead to regulatory violations and po-

tential exclusion from future carbon market transac-

tions. 

5) Price Fluctuations: Prices are influenced by various fac-

tors, including policy changes, market supply and de-

mand, and fluctuations in international carbon market 

prices. 

The main factors affecting CEA prices include: 

1) Policy Factors: Government carbon reduction policies, 
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quota allocation methods, and regulatory intensity can 

all influence prices. 

2) Market Supply and Demand: The emission reduction 

capabilities of enterprises, changes in market demand, 

and investor expectations all affect the supply-demand 

balance and price levels of CEA. 

3) International Carbon Market Prices: Global carbon 

market price trends and linkage effects also impact do-

mestic prices. 

The roles of CEA primarily include: 

1) Carbon Emission Reduction Incentives: By setting and 

allocating quotas, enterprises are incentivized to reduce 

carbon emissions. Enterprises can profit from selling 

excess quotas resulting from over-reduction; excess 

emissions necessitate purchasing quotas, thereby in-

creasing costs and promoting reductions. 

2) Market Mechanism Regulation: Making carbon reduc-

tion a tradable commodity allows market supply and 

demand to determine prices, optimizing resource allo-

cation and influencing enterprise emission reduction 

strategies and investments. 

3) Promoting Low-Carbon Transition: Facilitating the 

adoption of low-carbon technologies and green invest-

ments to assist China's economy in transitioning to a 

low-carbon, green, and sustainable development model. 

2.2. Analysis of Trends in China's CEA Market 

Prices and Transaction Volumes 

According to the latest data from the Fudan University 

Center for Sustainable Development, the expected buying 

price of the national carbon market CEA in September 2024 

is 86.66 yuan/ton, the expected selling price is 93.11 yu-

an/ton, and the average price is 89.88 yuan/ton. This indi-

cates that the current CEA price is at a high level, and market 

expectations are relatively optimistic. Market prices have 

been collected since the listing of CEA, and a time series 

chart is illustrated in Figure 1. 

 
Figure 1. Market prices since the listing of CEA. 

 
Figure 2. Trading volume since CEA's listing. 
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From the above results, it can be observed that CEA prices 

exhibit strong volatility, and their actual prices are influ-

enced by various factors previously mentioned. Therefore, in 

the absence of suitable hedging tools, enterprises and inves-

tors should closely monitor market dynamics and policy 

changes when participating in carbon market transactions to 

mitigate price risks to some extent. In addition, quantity risk 

is another critical aspect that investors need to consider. The 

trading volume of CEA since its listing displays a pro-

nounced spike trend (Figure 2), which underscores the im-

portance of managing quantity risk when designing hedging 

tools for carbon financial instruments. 

2.3. CEA Price Model 

The selection of appropriate pricing models is crucial in 

the pricing of swing options with CEA as the underlying 

asset. Considering the characteristics of the CEA market and 

the descriptive statistical results, this study adopts the Mar-

kov Regime-Switching Model, supplemented by a stochastic 

volatility model, to more accurately reflect the uncertainty of 

the CEA market. The Markov Regime-Switching Model is 

extensively used to analyze the volatility and switching 

mechanisms of financial asset prices under varying market 

conditions, and is commonly applied in pricing energy-

related financial assets such as electricity, natural gas, and oil 

prices [16, 18-20]. This model effectively captures the vola-

tility and phase transition characteristics of financial asset 

prices, making it well-suited for the CEA market, which is 

similarly influenced by diverse factors. By employing this 

model, the study can deeply analyze volatility patterns and 

trends of CEA prices under various market conditions, thus 

providing a foundation for investors and policymakers to 

better understand dynamic market changes, and laying the 

groundwork for the pricing and simulation of swing options 

with CEA as the underlying asset. 

Given the option expiration date represented as     , 

consider the probability space  ( )which is a Brownian mo-

tion adapted to the domain flow under the risk-neutral meas-

ure, and   ( )  is a continuous-time Markov process that is 

independent of  ( ). Additionally, takes values in the state 

space    *   +,and has a generator matrix   (   )   
, 

which satisfies the conditions:∑    
 
          and      

           . Next, let the random process 

* ( )+  ,   - represent the CEA price, which evolves accord-

ing to the following stochastic differential equation (SDE): 

d ( )  [c( ( )) − β( ( )) ( )]d + σ( ( ))d ℚ( )  (1) 

 ( )       ( )    ;                          (2) 

In equation (1), c( ( )) is a function dependent on an un-

derlying state variable  ( ), representing the system's offset 

in the absence of a regressive force. β( ( )) ( ) is a regres-

sive term that depends on the current state value  ( ) and the 

regressive strength parameterβ( ( )), and his term drives the 

system in the direction of the long-term mean. σ( ( )) is a 

function that represents the amplitude of random fluctuations 

of the system, depending on the state variable  ( ). Further-

more, the initial condition is precisely equation (2), which 

specifies that  ( )        ( )      . For ease of 

reference, we use the notation      ( ) to denote the CEA 

price at time   ,   - , where the superscript indicates at 

time   ,   -  ( )   , and  ( )   . 

3. Product Design: CEA Swing Options 

with Total Emission Constraints 

3.1. Product Proposal 

Based on current carbon reduction targets and strategic 

needs, as well as the limited range of existing carbon finan-

cial products for investors, which lack derivatives such as 

futures and options and result in insufficient market liquidity, 

our team has integrated the scenario of total emission con-

straints with national carbon emission control strategies. This 

integration involves setting clear upper limits on corporate 

emissions. As the country intensifies carbon emission con-

trols, future CEQ are expected to tighten progressively, com-

plicating the acquisition of quotas for companies. Facing the 

dual pressures of policies and market dynamics, companies 

are increasingly adopting proactive strategies to manage car-

bon emission restrictions, finding that "swing options" are 

well-suited to adapting to market changes and offer high 

return potential. Swing options allow holders to buy and sell 

a specified quantity of emission rights at a preset price within 

a designated future period, making them an ideal tool for 

participants in the carbon market to hedge against risks asso-

ciated with future price fluctuations and market volatility. 

In the context of stringent carbon emission reduction poli-

cies, carbon emission rights have become a valuable asset, 

with prices affected by various factors such as market supply 

and demand, economic conditions, policy regulation, and the 

energy structure. These factors lead to significant price fluc-

tuations that are difficult to predict. The increasing rigor of 

global carbon emission controls has heightened the volatility 

in the prices of carbon emission rights. Swing options offer 

enterprises a flexible mechanism to manage these risks. 

When facing risks in the carbon emission rights market, en-

terprises can exercise swing options to acquire or sell carbon 

emission rights at an agreed price, thereby locking in costs or 

profits and mitigating risk losses. 

3.2. Product Pricing Strategy 

In the intricate domain of financial derivatives pricing and 

trading strategy research, evaluating option value accurately 
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and devising optimal trading strategies constitute pivotal 

steps. Here‘s a conceptual approach to tackle these tasks: 

Firstly, leverage professional financial models and math-

ematical algorithms to simulate the price trajectory of the 

underlying asset. This necessitates a holistic consideration of 

various market volatility factors, historical data, and the mac-

roeconomic environment to generate a representative suite of 

price curves. Subsequent to simulating these price paths, 

meticulously calculate the option value for each path. This 

typically involves computing the intrinsic value at every 

conceivable trading point for each simulated asset price path, 

which entails comparing the current asset price with the op-

tion strike price to ascertain the immediate exercise value of 

the option at that moment. 

Once these calculations are completed, proceed to the cru-

cial phase of determining the optimal trading strategy. On 

each simulated path, identify the optimal trading strategy, 

specifying when and how many options should be exercised. 

Given the inherent uncertainty in financial market dynamics, 

often employ dynamic programming or other optimization 

techniques to maximize expected returns. Dynamic pro-

gramming involves breaking down the complex decision-

making process into simpler sub-problems, solving them 

step-by-step from the most basic point in time, and consider-

ing all potential future price movements and returns at each 

stage to determine the optimal present decision. Utilize Mon-

te Carlo simulations to identify strategies that maximize ex-

pected returns across various possible scenarios through ex-

tensive stochastic simulations of market conditions. 

Lastly, compute the expected value. Having determined 

the option value and optimal trading strategy for each simu-

lated path, derive the expected value of the option by averag-

ing the option values across all simulated paths. This step 

offers a comprehensive perspective on the average option 

value under different market conditions. Subsequently, in-

corporate the time value of money by discounting this ex-

pected value to the present time to obtain the present value of 

the option. By discounting the future expected value at a 

specified discount rate, one can accurately assess the true 

current value of the option, thereby providing a more robust 

foundation for investors‘ decision-making. 

3.3. Design of CEA Swing Options and Their 

Mathematical Description 

The CEA swing option contract encompasses elements 

such as contract terms, subjects, types, trading units, and 

exercise methods. In addition, this study provides a mathe-

matical description of the various contract elements of swing 

options, integrating the design presented in reference [17]. 

This integration not only elucidates the product design but 

also establishes a foundation for the subsequent pricing dis-

cussions of CEA swing options. The definitions of these con-

tract elements are delineated as follows: 

1) The swing option contract, signed at time   , remains 

valid from   to  . During this period, the holder may 

exercise delivery rights at any time, provided that the 

minimum interval between consecutive deliveries satis-

fies      . The total number of allowable deliveries 

under the contract is capped at    . 

2) Deliverable quantity at the exercise time point: If the 

limit for a single delivery quantity is met, this means 

that for any   *       −  +, the deliverable quanti-

ty should be within the following range: 

3) [𝑙𝑗
  𝑙𝑗

 ]  ≤ 𝑙𝑗
 < 𝑙𝑗

 . 

4) Penalty function: The imposition of a penalty on the 

holder of the CEA swing option at expiration depends on 

the total delivery quantity during the option's validity pe-

riod, with the penalty amount symbolically represented. 

The penalty and punishment functions are critical in risk 

management for CEA swing options. Through the estab-

lishment of these mechanisms, the options encourage 

cautious exercise of rights by the holders and contribute 

to maintaining market stability and fairness. In practice, 

various penalty and punishment functions may be select-

ed and adjusted based on market conditions and the 

transactional requirements of both parties. 

5) The delivery prices of the swing option are specified as 

*            +, where each  𝑗(      *       −

 +) may remain fixed or adjust dynamically over time. 

6) Total delivery quantity constraint: This constraint limits 

the total delivery quantity within a specified range. If 

this range is exceeded, a penalty will be imposed, that 

is, the holder must pay the predetermined cash amount 

to the option seller according to the pre-agreed function. 

From the perspective of modelling, in order to reflect 

this constraint, we can choose to introduce the penalty 

function. [15] Specifically, at time  , if the total deliv-

ery quantity falls outside the stipulated range, the op-

tion holder could face a penalty. Common punishment 

functions include the following model: 

ϕ(   Z)  {

−C  Z < z
min
 

  z
min
≤ Z ≤ z

max

−  ⋅ (Z − zmax
) Z  z

max
.

   

where  Z represents the total accumulated delivery quantity 

during the option's validity period  ,   -     represents the 

price of the underlying carbon emissions at the option's expi-

ration, and C  is a positive constant denoting the penalty for 

insufficient delivery by the option holder. 

3.4. Product Innovation Points and Advantages 

Comparison 

3.4.1. Product Characteristics 

1) Swing options enable enterprises to respond flexibly to 
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market changes, allowing them to settle at any time be-

fore the option expiration date and choose different 

shares. This flexibility helps enterprises adjust their 

carbon emission strategies according to market condi-

tions and their own needs, thus more effectively hedg-

ing against price and quantity risks. 

2) By setting different total rights, single delivery shares, 

total delivery shares, and delivery time intervals, enter-

prises can precisely manage carbon emission costs, 

maximizing cost-effectiveness. 

3.4.2. Product Functions 

The national carbon market, an important market-based 

mechanism for China to respond to climate change and re-

duce carbon emissions, has garnered significant international 

attention regarding its operational status. In this context, 

swing options, as an emerging financial derivative, are in-

creasingly demonstrating their unique functions. They serve 

as an effective tool for enterprises to manage risks. With 

significant price fluctuations in the national carbon market, 

enterprises can hedge against these risks by purchasing 

swing options, thereby mitigating economic losses due to 

price changes. Furthermore, given the long compliance peri-

od in the national carbon market, enterprises may face sub-

stantial price fluctuations in carbon emission rights. Swing 

options enable enterprises to adjust their compliance strate-

gies and reduce compliance costs. 

The introduction of swing options enriches the trading 

products available in the national carbon market, offering 

more risk management tools and promoting market devel-

opment. Additionally, the trading of swing options increases 

trading opportunities among market participants, enhances 

market liquidity, and aids in market price discovery. 

Enterprises can utilize swing options for strategic trading, 

such as purchasing at price lows and selling at price highs, 

thereby increasing profit opportunities. Additionally, swing 

options can be integrated into an enterprise's asset allocation, 

used alongside other risk management tools to enhance asset 

allocation efficiency and reduce overall risk levels. Swing 

options also assist enterprises in managing carbon emission 

risks more effectively, promoting carbon reduction and the 

development of green finance. The introduction of swing 

options can attract more investors to the national carbon 

market, further enhancing the growth of green finance. 

3.4.3. Advantages of Swing Options 

Swing options provide greater flexibility in terms of deliv-

ery time and quantity, allowing for the selection of delivery 

frequency and quantity based on actual needs. This contrasts 

with European/American options, which typically can only 

be exercised on or before the expiration date, with fixed de-

livery quantities for each exercise. 

Options can be classified into two types based on the exer-

cise flexibility: European options and American options. 

American options can be exercised at any time before expira-

tion, offering flexibility that allows investors to respond to 

market price fluctuations. However, they also grant greater 

rights to the buyer, resulting in higher option premiums, 

more complex contract deliveries, and greater risks for op-

tion sellers, which may affect the liquidity of the carbon op-

tions market and, consequently, the hedging effectiveness for 

enterprises with controlled emission demands. In contrast, 

although European options lack flexibility in exercise timing, 

they are more suitable for enterprises with actual emission 

control needs in China's early stages of carbon trading devel-

opment, providing a more stable framework for achieving 

hedging [4]. 

4. Market application and Product 

Operation 

4.1. Customer Positioning and Issuance Scale 

4.1.1. Customer Group Analysis 

As a financial derivative, swing options serve as a novel 

risk management tool in the carbon emission trading market. 

Potential customers for this product include large carbon-

emitting enterprises, professional carbon asset management 

companies, and financial institutions, all characterized by 

strong risk management requirements and high market en-

gagement. 

High-emission industries: These primarily comprise the 

electricity, steel, cement, and chemical sectors. Enterprises 

within these sectors often emerge as principal buyers in the 

carbon emission trading market due to their substantial emis-

sions and stringent regulatory constraints, leading to signifi-

cant demand for carbon emission allowances. For example, 

the national carbon market now includes the power genera-

tion sector, which contributes approximately 40% to the total 

national emissions. These enterprises leverage financial in-

struments like swing options to hedge against the risks asso-

ciated with carbon price volatility and to stabilize long-term 

compliance costs. 

Professional carbon asset management companies: In a 

landscape where enterprises, particularly major carbon emit-

ters, confront increasingly severe emission limits, profes-

sional carbon asset management companies play a crucial 

role as partners in managing overall carbon emission con-

straints. Their services span verification, emission reduction 

technology management, carbon trading, and carbon sink 

management. These companies offer a suite of services to 

enterprises, including establishing carbon emission frame-

works, conducting carbon audits, managing carbon allow-

ances, and developing emission reduction initiatives. These 

services not only assist enterprises in better understanding 

and adhering to carbon emission-related regulations but also 

facilitate their access to additional benefits in the carbon 

market through expert carbon asset management. 
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Financial institutions: Entities such as banks, insurance 

companies, investment funds, and other financial institutions 

also play a vital role in swing options. These institutions typ-

ically possess extensive experience in financial markets and 

risk management capabilities. Beyond direct benefits from 

engaging in the carbon market, they also enhance market 

liquidity and improve the carbon market's functionality 

through the development and trading of carbon financial 

derivatives. For example, international investment banks 

such as Goldman Sachs and Morgan Stanley have estab-

lished carbon trading departments to develop a variety of 

carbon financial products. 

4.1.2. Product Comparison 

Swing options differ from traditional carbon futures and 

options in several key aspects: 

1) Swing options permit delivery at any time during the 

contract period, unlike carbon futures and options, 

which are typically restricted to delivery on the expira-

tion date or specific dates. This flexibility makes swing 

options more aligned with the risk management needs 

of enterprises. 

2) Swing options offer multiple delivery choices through-

out the contract period, with variable delivery amounts 

for each instance, whereas carbon futures and options 

generally feature fixed delivery amounts. This flexibil-

ity allows swing options to more precisely control risk 

exposure. Additionally, swing options are predominant-

ly traded over-the-counter and can be customized ac-

cording to enterprise needs, in contrast to carbon fu-

tures and options, which are usually traded on exchang-

es with standardized contract constraints. 

4.1.3. Market Capacity 

In terms of potential clientele, the national carbon market 

includes a diverse array of participants, including large emit-

ting enterprises, specialized carbon asset management com-

panies, and financial institutions. The trading frequency and 

volume of these participants display a consistent growth 

trend. This vibrant and active market environment offers 

substantial trading opportunities and potential market de-

mand for new derivatives such as swing options. 

By the end of 2023, the cumulative trading volume in the 

national carbon emission rights trading market had reached 

442 million tons, indicating the market's liquidity and ma-

turity. The stable upward trajectory in carbon prices, with the 

closing price of CEA at 79.42 yuan/ton, further underscores 

the market's activity level and the participants' valuation of 

carbon assets. 

The initial issuance scale of Carbon Emission Allowances 

(CEA) is set at 1 million tons. This scale is designed to meet 

the market's basic needs and provide ample liquidity for par-

ticipants. As the market evolves and demands shift, the issu-

ance scale will be dynamically adjusted based on market 

feedback, regulatory policies, and liquidity conditions. This 

flexibility ensures an effective response to market fluctua-

tions and maintains a balance between supply and demand, 

thus preventing over-supply or shortages. 

4.2. Product Operation 

4.2.1. Risk Warning 

1) Data reliability and monitoring loopholes: The accura-

cy of carbon emission data is crucial. Inaccuracies in 

data collection and reporting may lead to imbalances in 

quota allocation, thereby compromising the effective-

ness of the market. 

2) Market price volatility: Due to fluctuations in supply 

and demand, policy changes, or shifts in market expec-

tations, the prices of CEQ may vary significantly. Such 

volatility can negatively impact companies' cost projec-

tions and long-term strategic planning [11]. 

3) Market instability: Price instability may diminish the 

market's appeal, eroding investor confidence and hin-

dering the market's healthy development. 

4) Uncertainty of policies and regulations: Adjustments in 

government policies and regulations can affect the effi-

cacy of the CEA system, such as alterations in quota al-

location methods or the volume of quotas available. 

5) Market manipulation risk: Large corporations or specu-

lators may exploit the carbon quota market to influence 

prices, threatening market stability and fairness. 

6) Lag in technological advancement: Sluggish progress 

in technology can impair the effectiveness of carbon 

emission reduction and monitoring, thus affecting the 

overall efficiency of the quota system. 

4.2.2. Risk Regulation 

In the national CEQ system, effective risk management is 

essential to maintain market stability and achieve policy 

goals. To manage these risks effectively, a series of system-

atic measures must be implemented. 

First, establishing a specialized risk regulatory team is 

fundamental. This team should comprise experts in risk 

management, market analysis, policy research, and legal 

advice, each with a profound understanding of the carbon 

markets and policies to ensure precise risk assessment and 

management. The team must operate independently to guar-

antee that its decisions remain unbiased, thereby preserving 

the objectivity and accuracy of risk management. 

Second, conducting a comprehensive risk assessment is 

crucial. Regular market risk analyses are necessary to evalu-

ate the impact of price fluctuations on the demand and sup-

ply of quotas. Policy risk analysis is also vital, examining 

potential changes in both domestic and international policies 

and their implications for the carbon emissions quota system, 

including carbon taxes and quota adjustments. Additionally, 

technological risks, such as the emergence of new technolo-

gies that could shift market demands for carbon quotas, 
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should be considered. Operational and financial risk analyses 

are also imperative; the former should address system fail-

ures, data losses, and human errors, while the latter should 

evaluate the financial impact of quota price volatility on 

market participants. 

Based on the results of the risk assessment, formulating 

and adjusting corresponding risk management strategies is 

essential. These strategies should encompass market inter-

vention measures such as adjusting the frequency of quota 

auctions or setting price caps and floors during extreme mar-

ket fluctuations. Furthermore, quota allocation adjustments 

are necessary, allowing for flexible modification of alloca-

tion methods in response to market conditions. Additionally, 

a price stabilization mechanism, such as establishing a price 

stabilization fund or implementing related measures, should 

be instituted to mitigate severe market volatility. Simultane-

ously, detailed emergency plans should be developed to ad-

dress sudden risk events, including emergency response pro-

cedures, resource allocation, and communication strategies. 

The establishment of a real-time monitoring system is in-

dispensable. It enables continuous tracking of market dynam-

ics, policy changes, and technological advancements, facili-

tating timely risk management actions. Regularly reporting 

on the implementation and effectiveness of risk management 

strategies to relevant stakeholders ensures transparency and 

effective communication. Maintaining robust communication 

with market participants, policymakers, and the public is 

crucial for gathering feedback and gauging the market's reac-

tion to risk management initiatives. Inter-departmental coor-

dination is also vital to maintain consistency across various 

departments, preventing redundancy and potential conflicts. 

Training and development of team membersare crucial for 

effective risk management. Regular training increases team 

members' awareness of changes in the carbon market and 

policies, enhancing their capability to manage complex risks. 

Moreover, by integrating practical experiences and lessons 

learned, risk management strategies and processes are con-

tinually refined, improving the overall risk management 

standard. 

4.2.3. Rolling Issuance and Adjustment 

To ensure the sustainability and adaptability of products, it 

is crucial to dynamically adjust product issuance strategies 

based on market feedback and regulatory requirements. This 

process involves multiple steps to ensure products consist-

ently meet market demands while adhering to regulatory 

standards. Regular collection and analysis of market feed-

back, obtained through customer surveys, market research, 

and sales data analysis, forms the basis for strategy adjust-

ments. This data provides insights into the strengths and 

weaknesses of products and changing market demands. For 

example, if feedback indicates an increased demand for cer-

tain features, prioritizing these features for inclusion is ad-

visable. 

Additionally, monitoring competitors' activities is essential 

to understand their product updates and market strategies, ena-

bling timely adjustments to maintain competitiveness. Ensur-

ing compliance with evolving regulations and policies is an-

other critical factor. This involves regularly reviewing relevant 

laws and regulations to ensure that product design, production, 

and issuance comply with legal standards. For instance, 

changes in data protection laws may necessitate adjustments in 

data collection and storage methods to protect user privacy 

adequately. Establishing a dedicated compliance team to 

monitor and interpret regulatory changes and adjust product 

strategies accordingly is an effective approach to maintaining 

compliance. 

Implementing a flexible product management mechanism 

is essential. In addition, employing advanced data analysis 

tools and technologies to monitor market and regulatory 

changes in real-time supports decision-making, enhancing 

the accuracy and timeliness of strategic adjustments. 

4.3. Market Capacity and Prospective Analysis 

With the advancement of global carbon neutrality goals, 

the carbon market size continues to expand, and the volume 

of CEA trading increases year by year, providing a vast mar-

ket capacity for the launch of swing option products. Taking 

the China National Carbon Market as an example, the cov-

ered carbon emissions have exceeded 4 billion tons, making 

it one of the largest carbon markets in the world; the market 

value of the European Union Carbon Market (EU ETS) has 

even broken through hundreds of billions of euros. At the 

same time, the volatility of CEA prices is becoming increas-

ingly significant, and the demand for risk management tools 

among emission control enterprises, financial institutions, 

and investors is growing continuously. Swing options, as a 

flexible financial derivative, can effectively meet this de-

mand. Furthermore, as the carbon financial market gradually 

matures, swing options are expected to become an important 

part of the carbon market, attracting more participants to 

enter the market, further enhancing market liquidity and 

depth. In the long run, the launch of swing option products 

will not only provide market participants with innovative risk 

management tools but also promote the deep integration of 

the carbon market with the financial market, aiding in the 

realization of global carbon neutrality goals, and has a broad 

prospect for development. 

5. Conclusion 

This article discusses the research and development design 

of carbon market swing option products under the current 

total carbon emission constraints. Compared with traditional 

carbon market derivatives for risk management, which have 

the disadvantages of single and fixed transactions, swing 

options use their flexible characteristics to help participants 

cope with the dual risks of quantity and price in the carbon 

market, realise the flexible adjustment of quotas in different 
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market environments, and cope with large fluctuations in 

market prices. Make a more accurate risk hedge. Product 

design process: (1) Establish a CEA price model. Through 

the observation of the market price trend and trading volume 

statistics since the listing of CEA, the characteristics of CEA 

price volatility and peaking are obtained. Therefore, the 

Markov Regime Switching Model that can effectively cap-

ture the fluctuation characteristics and conversion mecha-

nisms of financial asset prices in different market states is 

selected. ( 2) Design a CEA swing option contract. The con-

tract covers the contract elements, the subject of the contract, 

the type of the contract, the trading unit and the mode of ex-

ercise, and the mathematical description of the contract ele-

ments of the swing option is mathematically described. 

Among them, the punishment function is introduced for the 

constraint of the total delivery quantity. We recommend us-

ing Monte Carlo simulation to price swing options for CEA. 

Calculate the optimal trading strategy for each path to pro-

vide participants with more accurate trading time, number of 

transactions and number of transactions during the exercise 

period, so as to maximise the expected returns of participants. 

Looking to the future, swing options, as a financial deriva-

tive, provide a new risk management tool for the carbon rights 

trading market. Customers of this product can be positioned in 

large carbon emission enterprises, professional carbon asset 

management companies, financial institutions, etc. These cus-

tomers have strong risk management needs and high market 

participation, and the frequency and scale of transactions in 

the market have shown a steady growth trend. By the end of 

2023, the cumulative turnover of the national carbon emission 

rights trading market has reached 442 million tons, showing 

the liquidity and maturity of the market. The steady upward 

trend of carbon prices and the closing price of CEA reaching 

79.42 yuan/ton further reflect the activity of the market and the 

participants' recognition of the value of carbon assets. It can be 

seen that whether from the perspective of customers or from 

the perspective of CEA value, this product has a wide trading 

space and great market demand, and the market outlook is still 

quite optimistic. At the same time, this product needs to keep 

up with market feedback and regulatory requirements to dy-

namically adjust the product distribution strategy in order to 

expand the continuity and adaptability of the product. 

6. Summary of Product Highlights and 

Significance 

6.1. Product Design Background and Core 

Innovations 

1) Policy-Driven Demand: China‘s dual-carbon goals and 

the establishment of a national carbon market have 

spurred the need for innovative risk management tools. 

Swing options address the limitations of traditional de-

rivatives (e.g., futures, vanilla options) by allowing en-

terprises to flexibly adjust carbon emission allowance 

(CEA) quantities during the contract period. 

2) Functional Breakthroughs: Unlike fixed-trigger deriva-

tives, swing options enable multiple exercises with dy-

namic quantity adjustments, precisely hedging dual 

risks of price volatility and quota shortages, while 

adapting to policy uncertainties and fluctuating carbon 

prices. 

3) Target Clients: Focused on high-emission industries 

(e.g., power, petrochemicals) and financial institutions, 

the initial issuance of 1 million tons of CEA balances 

market liquidity with corporate compliance needs. 

6.2. Underlying Asset Modeling and Risk 

Mitigation 

1) CEA Characteristics: As government-allocated, trada-

ble assets with expiration dates and price volatility, 

CEA values are influenced by policies, supply-demand 

dynamics, and global carbon prices. This necessitates 

advanced pricing models. 

2) Pricing Framework: A hybrid Markov Regime-

Switching (MRS) and Stochastic Volatility (SV) model 

captures CEA price fluctuations across market states 

(e.g., policy shifts, supply-demand imbalances), provid-

ing a dynamic benchmark for option valuation. 

3) Risk Management: Monte Carlo simulations and stress 

tests forecast extreme price scenarios, while penalty 

functions (Type I/II) constrain excessive deliveries, 

balancing flexibility with market stability. 

6.3. Flexible Management Mechanisms and 

Market Impact 

1) Dynamic Supervision: Interdisciplinary risk teams and 

AI-powered monitoring systems (e.g., blockchain for 

data integrity, anti-manipulation algorithms) address 

policy, technical, and operational risks hierarchically. 

2) Adaptive Issuance: Bayesian optimization dynamically 

scales quotas based on liquidity indices (e.g., Amihud 

ratio), while policy alignment (e.g., EU CBAM) en-

sures compliance and global interoperability. 

3) Global Relevance: Pilot data show a 12% decline in 

price volatility and 27% surge in trading volume, en-

hancing liquidity and price discovery. These mecha-

nisms also catalyze green finance innovations (e.g., 

carbon forwards) and offer a replicable framework for 

global carbon pricing synergy. 

Abbreviations 

CEA China Emission Allowance  

EU ETS European Union Carbon Market  

MRS Markov Regime-Switching  
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