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Abstract. Effective carbon allowance mechanism is the key to achieve the goal
of carbon peaking and carbon neutrality. To solve the prominent problem of en-
ergy and environmental constraints, different allocation mechanisms have dif-
ferent potential impacts on the economy. This study first analyzes the relevant
research on the carbon allowance mechanism in the power industry. On this ba-
sis, a new regional carbon emission allowance method (ZSG-DEA) for the elec-
tricity industry is constructed, and the influence of different carbon allowance
mechanisms on provincial carbon emission, electricity transfer and economy
loss are analyzed, to provide a scheme for China's electricity carbon emission
allowance.

1 Introduction

Climate change is one of the most serious challenges for people in this century[1]. In
this study, the previous model of economic growth with high energy consumption and
high emissions cannot be sustained, and energy conservation and emission reduction
have become a common responsibility that the world must bear[2]. As a major energy
consumer and carbon emitter, the Chinese government actively participates in ad-
dressing climate change and environmental governance[3].

In order to promote the realization of the emission reduction target, the Chinese
government has carried out carbon trading pilot work in seven regions including Tian-
jin, Chongqing and Shenzhen since 2011, and after several years of exploration and
accumulation, the national unified carbon market was officially launched at the end of
2017[4]. At present, only power banks with relatively complete data statistics have
been included in the national carbon trading system. Therefore, the establishment and
improvement of the carbon trading system still needs a lot of research work. Among
them, the initial allocation of carbon emission rights is an important part of the estab-
lishment of carbon trading market, which has a significant impact on the economy
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and emission reduction efficiency[5]. Therefore, allocating carbon emission right
rationally is of great significance to sustainable development of our country.

The importance of allowance in the emission trading market was initially proposed
by Hahn[6]. Based on the principle of equality in per capita emissions, Park et al.
flexibly transformed the Boltzmann distribution in physics and applied it to the initial
allocation of carbon emission rights among countries, combined the index of per capi-
ta historical carbon emission and population size, and conducted empirical research
on eight countries from these two levels[7]. Hepburn et al. examined the effects of an
emissions trading scheme (ETS) on equilibrium emissions, output, prices, market
concentration, and profits based on a generalized Cournot model[8]. However, in the
initial pilot stage, the allocation methods of carbon trading allowance in each pilot
city are not uniform, which makes the value level of carbon emission rights in the
trading market vary from high to low, which brings obstacles to the further construc-
tion of a national unified carbon market and future cross-regional trading, and is not
conducive to price discovery[9]

Based on the above analysis, there are quite a few theoretical studies on the initial
allocation of carbon dioxide emission allowances in the power industry, but the com-
parative analysis of potential economic impacts under different carbon emission allo-
cation mechanisms is rarely involved in literature. Therefore, this paper intends to
explore the impact of different carbon allowance mechanisms on the economy based
on the zero-sum game DEA model.

2 Methods and data

2.1 The model of ZSG-DEA

In this paper, electricity is taken as the only input variable of the ZSG-DEA model,
and population and GDP are selected as the output variables. Thereafter, carbon al-
lowance is allocated according to the allocated electricity, and the carbon allowance
of external electricity are further allocated according to the impact of external elec-
tricity. Based on this, this paper studies the carbon allowance of the power sector in
30 regions of China in 2019. The details of ZSG-DEA model are as follows:
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Where: x is power; y is GDP and population; n is the number of DMU; I represents
the number of input factors; h represents the number of output factors.
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In this model, if the relative efficiency 50 of DMUj is overinvested, the excess

part will be allocated to other DMU according to the ratio | X,(1=6,) |, and the
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After several iterations, reasonable allocation of input variables is carried out, and
DEA is finally effective and the optimal allocation scheme is obtained.

2.2 Data

In this paper, the data of 30 regions in China in 2019 are selected, including power
energy, non-power energy, capital, labor force, GDP, and population. The above data
are obtained from China Statistical yearbooks and regional statistical yearbooks. Due
to the limitation of the data of the statistical yearbook, this paper only detailed the
situation of all the external power transfers in Xinjiang, and the other provinces took
more than 15 billion kWh of external power transfers.

3 Results and discussion
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Figure 1 Comparison of carbon emissions in different regions by historical method
and efficiency method
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3.1 Carbon emission under different principles for carbon allowance

In the allocation of carbon dioxide, there is a clear difference between the efficiency
method and the historical method. As shown in Figure 3-1, compared with the grand-
father method, Inner Mongolia, Shanxi, Ningxia, Xinjiang, Shandong and Hebei are
the main forces of CO2 allowance transfer. Beijing, Shanghai, Zhejiang, Hubei, Hu-
nan, Guangdong, Sichuan and Yunnan have excessive carbon emission credits, with
Sichuan having the highest carbon emission credits, and Guangxi and Hainan also
receiving large carbon credits. Sichuan and Yunnan are dominated by hydropower,
which accounts for more than 80% of the total power generation. As a result of the
development of large amounts of clean electricity, these regions receive more carbon
dioxide allowances, which can be used to trade on the carbon market for additional
economic support to develop more clean electricity. Shandong, Inner Mongolia,
Shanxi and Xinjiang are dominated by thermal power, and the proportion of thermal
power is above 77%. The proportion of thermal power in Guangdong is also higher, at
66.4%; However, its high utilization rate in terms of electricity has led to an increase
in CO2allowance.

3.2  Transferred electricity under different principles for carbon allowance

Under the premise of meeting the original power transaction, when the power industry
is in a favorable position, as shown in Figure 3-2, under the grandfather law, Zhejiang
and Xinjiang have the largest power transfer, accounting for 0.18% and 0.20% of the
total power, respectively. The western region is the main force of power transfer,
accounting for 0.39% of the total electricity, accounting for 58.34% of the total elec-
tricity. The central region is the main receiving area of electricity, and the received
electricity accounts for 0.39% of the total electricity. In addition, under the efficiency
method, Zhejiang and Inner Mongolia have the most power transfers, accounting for
0.29% and 0.49% of the total power, respectively. The western region is the main
force of power transfer, accounting for 8.08% of the total electricity, accounting for
70.36% of the total electricity. In addition, under the optimization of resource alloca-
tion, the electricity consumption of economic development in central, western and
eastern regions increased, among which Henan and Anhui consumed the most elec-
tricity.
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Figure 2 Comparison of power transfer between different regions by grandfather
method and efficiency method
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3.3  Economic loss under different principles for carbon allowance

Under different carbon allowance mechanisms, the analysis of economic losses is
mainly explained from the following three parts.

The economic output of Shanghai is most affected by external power transfer,
mainly by Hubei, Sichuan and Zhejiang. The economy of Zhejiang, Beijing, Chong-
qing, Guangdong and other regions is also greatly affected by the external power
transfer, Zhejiang is mainly affected by Fujian, Ningxia, Anhui and Sichuan, Beijing
is mainly affected by Hebei, Chongqing is mainly affected by Sichuan, Guangdong is
mainly affected by Yunnan. Sichuan's external power transfer has the greatest impact
on the economy of other regions, followed by Gansu. Although Inner Mongolia and
Shanxi have more external power transfer, they are mainly lost to eastern China,
which receives a lot of other external power transfer. As a result, the economic impact
of these two regions on other regions does not rank first. The power transferred out of
Gansu is less than that of Inner Mongolia, but the power lost to western and central
regions that are in urgent need of development and receive less power transferred out
from other regions. The power transferred out of Gansu plays a very important role in
the economic development of these regions, and the lack of such power will cause
great economic losses. In the analysis of the impact on population, Hebei is the most
affected, mainly affected by Inner Mongolia's external power transfer. The population
of Ningxia, Gansu and Liaoning are also relatively affected, Ningxia is mainly affect-
ed by the power transfer from Gansu, Gansu is mainly affected by Qinghai, and Liao-
ning is mainly affected by Inner Mongolia. Inner Mongolia's external power transfer
has the greatest impact on the population of other regions, followed by Gansu, Xin-
jiang, Sichuan and Qinghai.
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Figure 3 Comparison of economic losses in the western middle and east

4 Conclusion
ZSG -DEA allocation based on efficiency principle will produce some disadvantages.
In regions with few carbon allowances, the cost of electricity generation will rise
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because of the purchase of carbon allowances, which will be borne by local producers
and consumers, resulting in deadweight losses. After the unfair distribution, the cost
of electricity production in the west increases, and the cost of energy advantage is
transformed into economic advantage, which further aggravates the inequality and
leads to the disadvantage of the western region in the carbon market. In addition, the
western region transmits a large amount of electricity for the development of the east-
ern region to develop the economy of the province, and the carbon emissions of the
production of external electricity is borne by the producers, which further aggravates
the burden of electricity generation in the western region.

Acknowledgement. Project Number:SGXJXTO00JFJS2200442

Reference

1. McAvoy S, Grant T, Smith C, Bontinck P. Combining Life Cycle Assessment and System
Dynamics to improve impact assessment: A systematic review. Journal of Cleaner Produc-
tion 2021;315:128060. https://doi.org/10.1016/j.jclepro.2021.128060.

2. Zhi Z, Ming Z, Bo Y, Zun G, Zhaoyuan W, Gengyin L. Multipath retrofit planning ap-
proach for coal-fired power plants in low-carbon power system transitions: Shanxi Prov-
ince case in China. Energy 2023;275:127502.
https://doi.org/10.1016/j.energy.2023.127502.

3. Zhang X, Elia Campana P, Bi X, Egusquiza M, Xu B, Wang C, et al. Capacity configura-
tion of a hydro-wind-solar-storage bundling system with transmission constraints of the re-
ceiving-end power grid and its techno-economic evaluation. Energy Conversion and Man-
agement 2022;270:116177. https://doi.org/10.1016/j.enconman.2022.116177.

4. Chang K, Zhang C, Chang H. Emissions reduction allocation and economic welfare esti-
mation through interregional emissions trading in China: Evidence from efficiency and eq-
uity. Energy 2016;113:1125-35. https://doi.org/10.1016/j.energy.2016.07.113.

5. LiY, Wei Y, Zhang X, Tao Y. Regional and provincial CO2 emission reduction task de-
composition of China’s 2030 carbon emission peak based on the efficiency, equity and
synthesizing principles. Structural Change and Economic Dynamics 2020;53:237-56.
https://doi.org/10.1016/j.strueco.2020.02.007.

6. Kan K. Creating land markets for rural revitalization: Land transfer, property rights and
gentrification in China. Journal of  Rural Studies 2021;81:68-717.
https://doi.org/10.1016/j.jrurstud.2020.08.006.

7. Park J-W, Kim CU, Isard W. Permit allocation in emissions trading using the Boltzmann
distribution. Physica A: Statistical Mechanics and Its Applications 2012;391:4883-90.
https://doi.org/10.1016/j.physa.2012.05.052.

8. Hepburn CJ, Quah JK-H, Ritz RA. Emissions trading with profit-neutral permit alloca-
tions. Journal of Public Economics 2013;98:85-99.
https://doi.org/10.1016/j.jpubeco.2012.10.004.

9. Li Y, Chen X, Feng X, Lv Y, Zhang Z, Qi Q. Investigation of the allocation and trading
strategy of wastewater emission permits considering ecological compensation. Environ-
mental Technology & Innovation 2023;30:103103.
https://doi.org/10.1016/j.eti.2023.103103.


javascript:;

Analysis of the Potential Impact for Different Initial Allowance Mechanisms 237

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Analysis of the Potential Impact for Different Initial Allowance Mechanisms on Economy

