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Abstract 

The carbon market can guide the optimal allocation of carbon 

emission reduction resources through price signals, and it can 

reduce the cost of emission reduction in the entire society, promote 

investment in green and low-carbon industries, and then guide the 

capital flow. Therefore, the carbon pricing mechanism has 

encouraged the energy transition and effectively mitigating climate 

change. Additionally, the primary source of carbon emissions is the 

rapid growth of energy use, such as coal and crude oil. Therefore, 

carbon pricing plays a vital role in promoting energy transitions, 

such as the transition from high-carbon energy (coal and oil) to low-

carbon energy (natural gas) and clean energy (nuclear and 

renewable resources). Our study is devoted to investigating the 

impact of carbon pricing on the energy industry using bibliometric 

analysis and visual investigation. We analyze existing research 

trends on the impact of carbon pricing on the energy industry from 

different angles and review the effect of carbon pricing on various 

energy industries. We search for optimal carbon pricing models and 

pricing policies that impact the energy industry. Our study 

contributes to the literature by discussing the challenges and future 

study recommendations.  
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Introduction 

 

Energy is an essential material foundation for economic and social development. In most developing 

countries, their energy output has been dominated for a long time. Oil and gas are highly dependent on foreign 

countries, the main source of global carbon emissions. In recent years, carbon emissions have caused various 

international climate change issues, including climatic anomalies, glaciers and eastern soils melting, sea level 

rising, threatening people's food supply and habitat, and are suffering. Therefore, carbon pricing has been the 

European Union (EU)'s most important climate change mitigation policy since the launch of the Emissions 

Trading System (ETS) in 2005 (Elkerbout, 2020), (Hepburn, 2006), (Hepburn and Schwarz, 2020). Additionally, 

as the key to the most significant development, China has launched the national carbon trading market (limited 

to the thermal power industry) in mid-2021. Key sectors such as petrochemical, chemical, building materials, 

iron and steel, nonferrous metals, paper production, and aviation will gradually be included in the carbon trading 

system. 

The global economy is consistently concerned with the price of carbon allowance forecasting (Adekoya, 

2021). Therefore, as an essential policy to reduce carbon emissions (Elkerbout, 2020), the carbon pricing 

mechanism has been proven to be an effective measure to promote the energy revolution and mitigate climate 

change (Fu et al., 2020), and the main methods of carbon pricing include the carbon tax and the carbon trading 

market system. For example, the role of carbon pricing was highlighted, and the authors discussed how carbon 

pricing could be used in the EU climate policy mix to help achieve modest targets under the Kyoto Protocol 

(Elkerbout, 2020). Furthermore, the carbon pricing policy is a means to address the negative externalities of the 

economic impacts of climate change and correct market failures. Therefore, it is mainly implemented in two 

forms, including a carbon tax and a carbon trading mechanism (Lili et al., 2015). 

The primary source of carbon emissions is the rapid growth of energy use such as coal and crude oil. In 

2017, coal was still the most used energy source and represented about 44% of global carbon dioxide emissions 

from fuel combustion 2017 (Li et al., 2020a). Therefore, carbon pricing plays a vital role in promoting energy 

transitions, such as the transition from high-carbon energy (coal and oil) to low-carbon energy (natural gas) and 

clean energy (nuclear and renewable resources). Furthermore, optimization of the industrial and energy 

consumption structure is the key to reducing carbon emissions, and optimization of the industrial system helps 

reduce the intensity of carbon emissions (Li et al., 2018). Therefore, it is necessary to investigate the impact of 

carbon pricing on the energy industry to understand the driving force of carbon pricing, how to implement 

different carbon emission control, and energy transition policies to move away from fossil fuels as soon as 

possible. 

The work of this paper is devoted to analyzing the impact of carbon pricing on the energy industry by 

reviewing the research status of existing publications. Bibliometric analysis is a comprehensive knowledge 

system that encompasses mathematics, statistics, and philology. In recent years, there has been much research 

that discussed carbon pricing (Maestre-Andres et al., 2019; Mintz-Woo et al., 2020; Nelson et al., 2012; 

Streimikiene, 2010), or energy industry (Gebreslassie, 2021; Kumar et al., 2021; Liu & Lu, 2021; Mo et al., 

2021; Zeng et al., 2021; Zhang et al., 2021), from a certain point of view, such as carbon pricing and COVID-19 

(Mintz-Woo et al., 2020), the perceived fairness and public acceptability of carbon pricing (Maestre-Andres et 

al., 2019), the feasibility assessment of renewable energy resources (Kumar et al., 2021). However, the 

bibliometric analysis of the impact of carbon pricing on the energy industry has not yet been addressed in 

existing research. To fill this gap, our study summarizes the research status and explores potential research 

directions through bibliometric analysis. 

Here, we investigate the following research topics. 

(1) Existing research trends on the impact of carbon pricing on the energy industry are analyzed and 

concluded from different angles. 

(2) The impact of carbon pricing on different energy industries, some models for optimal carbon pricing, 

carbon pricing policies, and their implications on the energy industry are reviewed. Then some discussions are 

summarized. 

(3) Some challenges are discussed, and future research on carbon pricing is introduced on the impact on the 

energy industry. 

 

The remainder of this paper is organized as follows. Section 2 proposes the bibliometric analysis 

methodology used in this paper. Section 3 concludes the existing research trends on the impact of carbon pricing 

on the energy industry from different angles. Section 4 discusses the implications of carbon pricing on various 

energy industries in detail. Section 5 introduces some challenges and future research. Finally, the conclusions of 

this paper are given in Section 6. 
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Material and Methods 

         

Generally, in the process of bibliometric analysis, scholars usually choose some common publication 

databases as data sources, such as Web of Science (WoS), Scopus, and Google Scholar. The bibliometric 

analysis methods include overall publication output analysis, overall publication citations analysis, publication 

countries/regions analysis, institutions analysis, highly cited publication analysis, keyword co-occurrence 

analysis, etc. (Qin et al., 2021; Wang et al., 2020; Yu et al., 2017). This paper selects bibliometric analysis tools, 

such as Citespace and VOS Viewer, to monitor and evaluate the given research topics. The methodology 

framework is shown in Fig. 1. 

 

 
Fig. 1. The methodology framework 

 

Based on the databases WoS and Scopus, and setting search terms with carbon pricing (OR carbon price) 

AND ("energy" OR "coal" OR "gas" OR "hydropower" OR "nuclear" OR "oil" OR "solar" OR "wind"), 301 

terms from WOS, and 62 terms from Scopus are selected. After removing duplicate publications, the final 

sample includes 319 publications. The percentage of existing publications involving different energy types is 

shown in Fig. 2. 

 

 
Fig. 2. The percentage of existing publications involving different types of energy 

 

This section summarizes existing research trends on the impact of carbon pricing on the energy industry. 

They are analyzed from the angles of the overall publication outputs analysis, the comprehensive publication 

citations analysis, the publication countries/regions, institutions, sources, and authors analysis, the highly cited 

publications analysis, and the keywords co-occurrence analysis. In these processes, some coding errors are 

corrected, such as synonym substitution (e.g., the People R China and China), the expression of the expert's 

name (Zaman, Khalid, and Zaman, K.), singular and plural substitution (e.g., price and prices), and abbreviation 

substitution (e.g., carbon emissions trading and CET, carbon, and C). 
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Firstly, the analysis of the overall publication output consists of the publication type, the publication year, 

and the citation of existing publications. 

(1) Types of publications 

Fig. 3 is drawn to show the distribution of the existing publication types. We can find nine types, in which 

articles account for 81% of the total publications. Additionally, the remaining types of current publications are 

proceedings paper, early access, editorial material, review article, book review, corrections, book chapters, and 

books. 

 

 
Fig. 3. The types of existing publications 

 

(2) The years of publications 

The distribution of the years of the selected publications is shown in Fig. 4. From the histogram of 

documents about the domain of carbon pricing from 1984 to 2021, few studies have been done in the field before 

2006, and the related research began to show an increasing trend since 2006. What cannot be ignored is that with 

global carbon emissions increasing year by year, especially under the influence of China's efforts to achieve 

carbon neutrality and carbon peak, carbon pricing will increasingly become the focus of global scholars' research. 

In other words, the study of carbon pricing and its effects on energy industries will go a long way. 

 

 
Fig. 4. The years of the existing publications 

 

(3) The annual number of citations 

The number of citations for existing publications is shown in Fig. 5. The total number of citations for 

selected publications has reached 3,811 times, and the average number of citations per publication is 11.95. The 

number of citations has shown an increasing trend since 2005, consistent with the beginning of the growth trend 

in publications. Furthermore, as more and more industries worldwide are closely related to carbon pricing, such 

as the power industry and supply chain, carbon pricing articles gain more attention. In addition, current research 

on carbon pricing involving the energy industry is a hot topic worldwide because carbon pricing is becoming 

more and more relevant to the energy industry, especially in the current climate of advocacy for carbon reduction 

and focusing on the development of other clean energy sources. 

 

 
Fig. 5. The annual number of citations for existing publications 
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Secondly, this subsection provides analyses of publication countries/regions, institutions, sources, and 

authors. 

(1) Countries/Regions Level 

The number of countries/regions covered by the selected publications is 49. In Table 1, the top 10 

countries/regions are selected by ranking the total link strengths of each country/region in descending order. 

Firstly, the complete publication (TP) expresses the total number of publications, and we find that China 

published the most significant number of publications, that is, 109 publications. The remaining countries/regions 

belonging to the top 10 prolific countries/regions are the USA (TP: 68), Australia (38), Japan (19), Germany (16), 

England (14), Canada (14), France (13), Netherlands (10), and Spain (9). Second, the fourth column expresses 

the number of citations of publications belonging to each country/region, and the USA has the highest citations, 

1,064 times. Third, the fifth column expresses the different clusters for countries/regions. The links of each 

country/region represent the number of countries/regions having collaborative research networks, and there are 

119 links among all countries/regions. The total strength of the link refers to the times of cooperation between 

these countries/regions, and the total strength of the link is 200. With the VOS viewer, Fig. 6 is drawn to show 

the collaboration network of all countries/regions with publications. The right graph in Fig. 6 expresses the 

overall collaboration network of countries/regions with publications, and the left figure represents the maximum 

subnetwork. 

In Fig. 6, 49 countries/regions are clustered into 12 clusters, in which different colors represent different 

clusters. Additionally, the bigger the size of the point, the more significant the number of publications that 

belong to this country/region. All elements are clustered into nine groups, ignoring those clustered with fewer 

than two elements. For example, the first group consists of 9 items, such as Canada, Indonesia, Iran, Malaysia, 

Nigeria, Pakistan, Saudi Arabia, Syria, and Vietnam; the second group contains seven items, including Ethiopia, 

Finland, Germany, Lithuania, Norway, Sweden, and Switzerland. Additionally, the remaining 7 clusters have 

less than seven items. 

Furthermore, the maximum subnetwork (making the USA or China central) consists of 46 items. Therefore, 

all the top 10 prolific countries/regions shown in Table 1 are concluded in the maximum sub-network. However, 

three countries do not yet cooperate with others: Mexico, Lebanon, and South Africa. 

 
Tab. 1. Top 10 prolific countries/regions and detailed information on their collaboration network 

Rank Countries/regions TP Citations Cluster Links Total link strength 

1 China 109 898 5 21 57 

2 USA 68 1064 8 22 43 

3 Australia 38 540 9 11 24 

4 Japan 19 290 7 11 23 

5 Germany 16 156 2 10 13 

6 England 14 155 5 6 12 

7 Canada 14 85 1 5 7 

8 France 13 189 3 8 10 

9 The Netherlands 10 110 4 10 23 

10 Spain 9 186 4 6 15 

 

 
Fig. 6. The collaboration network of publication countries/regions 

 

(2) Institution level 

This subsection analyzes the institutions with publications involving carbon pricing's impact on the energy 

industry. The top 10 institutions and their complex cooperative network are shown in Table 2, and the 

institutions' network is shown in Fig. 7, respectively.  
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Firstly, in Table 2, it can be found that North China Electric Power University has the most significant 

number of publications, i.e., 10 publications. Furthermore, seven of the top 10 institutions are from China, 

including North China Electric Power University, Beijing Institute of Technology, University of Chinese 

Academy of Sciences, Chinese Academy of Sciences, Xi'an University of Architecture & Technology, Tsinghua 

University, and Beihang University, and the remaining institutions are from the United States and Australia. 

Second, the publications of the Massachusetts Institute of Technology have the highest citations, i.e., 180 times, 

and the remaining institutions are Beijing Institute of Technology (95), University of Chinese Academy of 

Sciences (93), and Tsinghua University (62), etc. Third, in the fifth column of Table 2, the top 10 institutions are 

classified into 8 groups. University of Chinese Academy of Sciences, Chinese Academy of Sciences, and 

Beihang University belong to the same cluster. Finally, the sixth (links) and seventh columns (total link strength) 

in Table 2 show different ranks from the TP rank. North China Electric Power University scores low in links and 

full link strength even though it published the most articles. In other words, there is no significant correlation 

between the number of institutional publications and the results of institutional collaboration (links and total link 

strength). 

 
Tab. 2. The top 10 institutions and the complex cooperative network of them 

Rank Institutions TP Citations Cluster Links Total link strength 

1 North China Electric Power University 10 32 5 9 9 

2 University of Sydney 8 57 3 9 12 

3 Beijing Institute of Technology 7 95 2 21 25 

4 University of Chinese Academy of Sciences 7 93 7 13 16 

5 Chinese Academy of Sciences 6 34 7 11 16 

6 Massachusetts Institute of Technology 6 180 11 7 7 

7 Xi'an University of Architecture & Technology 5 12 4 13 21 

8 Tsinghua University 5 62 10 12 12 

9 Beihang University 5 17 7 10 11 

10 Macquarie University 5 46 9 4 4 

 

To analyze the cooperation relationship among all institutions, the cooperation network is drawn by the 

VOS viewer and shown in Fig. 7, where the upper right subgraph represents the overall cooperation network 

among all institutions. The lower left subgraph expresses the maximum subnetwork of the broad cooperation 

network. First, 460 institutions belong to the general cooperation network, and all of them are classified into 155 

clusters. Additionally, the discrete points to the far right in Fig. 7 mean that these institutions do not cooperate 

with others. Second, the maximum subnetwork consists of 101 institutions and is classified into 13 clusters. For 

example, for 12 items in cluster 1 (color in red), the representative institution is Beihang University. 11 items in 

cluster 2 (color in green), the representative institution is Tsinghua University. 

 

 
Fig. 7. The cooperative network of publishing institutions. 

 

(3) Influential publication sources coupling analysis 

In this subsection, the influential publication sources coupling is analyzed to discover research trends in the 

sources of publications. The same as before, we list the top 10 influential publication sources shown in Table 3, 

consisting of 10 journals according to the number of publications. The network among all influential publication 

sources is shown in Fig. 8. 

In Table 3, we find that almost all sources belong to the energy field, including Economics, Energy & Fuels, 

Environmental Sciences, Green & Sustainable Science & Technology, etc. Additionally, Energy Policy 

published the most significant number of publications, that is, 24 publications. The journals with more than ten 
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publications are Energy Economics (20), Energy (17), Journal of Cleaner Production (13), Applied Energy (12), 

and Energy Journal (10), and the remaining journals published fewer than ten papers. Furthermore, the JCR 

partition represents the corresponding partition of the journal related to the categories in the Journal Citation 

Reports. IF2020 meant the impact factor of each journal in 2020, and Applied Energy has the highest impact 

factor at 9.746. 

    In Fig. 8, the right subgraph represents the overall cooperation network among all sources, and the left 

subgraph expresses the maximum subnetwork of the overall cooperation network. First, the comprehensive 

cooperation network consists of 157 sources, and there are 40 clusters. Additionally, the far-right discrete points 

in Fig. 8 mean that these sources have no relation to others. Secondly, the maximum subnetwork consists of 130 

sources, and it is classified into 13 clusters. For example, the first cluster contains eight items (color in red), and 

the representative source is Energy Policy. 

 

 
Fig. 8. The cooperative network of the publication sources 

 
Tab. 3. Detailed information on influential journals 

Rank  Institutions TP Citations Links 

Total 

link 

strength 

Categories 
JCR 

partition 
IF2020 

1 Energy Policy 24 499 88 637 

Economics; 

Energy & Fuels; 

Environmental 

Sciences 

Q1; Q2; 

Q1 
6.142 

2 Energy Economics 20 650 85 1596 Economics Q1 7.042 

3 Energy 17 347 66 466 
Energy & Fuels; 

Thermodynamics 
Q1; Q1 7.147 

4 Journal of Cleaner Production 13 200 73 1042 

Engineering, 

Environmental; 

Environmental 

Sciences; Green & 

Sustainable 

Science & 

Technology 

Q1; Q1; 

Q1 
9.297 

5 Applied Energy 12 285 76 1078 

Energy & Fuels; 

Engineering, 

Chemical 

Q1; Q1 9.746 

6 Energy Journal 10 126 38 111 

Economics; 

Energy & Fuels; 

Environmental 

Studies 

Q2; Q3; 

Q3 
2.414 

7 Climate Policy 7 55 47 158 

Environmental 

Studies; Public 

Administration 

Q1; Q1 5.085 

8 Sustainability 6 31 51 473 

Environmental 

Sciences; 

Environmental 

Studies; Green & 

Sustainable 

Science & 

Technology 

Q2; Q2; 

Q3 
3.251 

9 Energies 6 50 44 304 Energy & Fuels Q3 3.004 

10 Environmental & Resource Economics 6 102 43 165 

Economics; 

Environmental 

Studies 

Q2; Q4 2.181 
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(4) Contributing authors and cooperative network 

In this subsection, the authors who published more than three publications are selected to analyze the 

cooperation network among the authors, and the related information is listed in Table 4. We find that Zaman, K. 

published the most significant number of publications, i.e., five publications, and the publications of the 

remaining authors are less than 5. Furthermore, Fan, J. obtained the most important number of citations from the 

profession, 72 times. 

 
Table 4. The authors who published more than three publications and their information about their cooperation network 

Rank  Authors TP Citations Cluster Links Total link strength 

1 Zaman, K. 5 12 1 19 29 

2 Anser, M. K. 4 12 1 14 24 

3 Nassani, A. A. 4 12 1 14 24 

4 Fan, J. 4 72 16 6 14 

5 Behnia, M. 4 38 63 3 8 

6 Meybodi, M. A. 4 38 63 3 8 

7 Lin, B.Q. 4 41 53 4 4 

8 Wu, Y. R. 3 66 16 5 11 

9 Zhao, D. T. 3 66 16 5 11 

10 Li, J. 3 55 16 5 11 

 

The cooperative network of all contributing authors is shown in Fig. 9. The left subfigure represents the 

overall collaborative network of 869 authors classified into 259 clusters. The discrete points mean that the 

authors cooperate in a specific scope. Additionally, the right sub-figure expresses the maximum sub-network of 

the cooperative network, in which 33 authors are involved and classified into 6 clusters. We can realize the 

collaborative network among authors more clearly. 

 

 
Fig. 9. The cooperative network of contributing authors 

 

Thirdly, this subsection analyzes the citations among publications, sources, authors, institutions, and 

countries, the co-citations among references, sources, and authors, and highly cited publications. 

(1) Citation level 

The citation situation at the publication level is shown in Fig. 10, where the larger the size of the circle, the 

more extensive the citations the publication has. For example, we investigated 913 publications, and the top three 

cited publications are Kumar (2012) (Kumar et al., 2012) with 170 times citations, Abadie (2008) (Abadie & 

Chamorro, 2008) with 140 times citations, and Lee (2012) (Lee & Zhang, 2012) with 124 times citations. The 

number of citations for the remaining publications is less than 100. 

 

 
Fig. 10. The citation situation at the publication level. 
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By analyzing 157 sources, the citation situation at the source level is shown in Fig. 11. Additionally, the top 

five sources are Energy Economics (650 times), Energy Policy (499 times), Energy (347 times), Applied Energy 

(285 times), and Journal of Cleaner Production (200 times). 

 

 
Fig. 11. Citation situation at the source level 

 

The citation situation at the author level is shown in Fig. 12, in which the authors with the top five highest 

citations are Managi S. (172 times), Kumar S. (170 times), Matsuda A. (170 times), Abadie L. M. (140 times), 

and Chamorro J. M. (140 times). 

 

 
Fig. 12. The citation situation at the author level 

 

The citation situation at the institution level is shown in Fig. 13. The right subfigure represents the overall 

citation network, and the left subfigure expresses the maximum citation subnetwork among institutions. 

Additionally, the institutions with the top five highest citations are Massachusetts Institute of Technology (180 

times), Tohoku University (172 times), Nomura Securities Co., Ltd., University of Delhi, and the University of 

Tokyo, which have the same number of citations, that is, 170 times. 

 
Fig. 13. Citation situation at the institution level 

 

The citation situation at the country level is shown in Fig. 14. The right sub-figure represents the overall 

citation network, and the left sub-figure expresses the maximum citation sub-network among countries. 

Furthermore, the countries with the top five highest citations are the USA (1064 times), China (898 times), 

Australia (540 times), Japan (290 times), and South Korea (191 times). 
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Fig. 14. The citation situation at the country level 

 

(2) Cocitation level 

In this subsection, the level of co-citation among the selected publications is investigated and involves the 

co-cited references, the co-cited sources, and the co-cited authors. 

There are 20 references cited when ten is set as the minimum number of citations for a cited reference. Then 

the total strength of the co-citation links with other cited references is calculated, and the overall co-citation 

network on the cited references is shown in Fig. 15. We obtain that Alberola et al. (2008) with 29 times citations 

and the total link strength is 153; Creti et al. (2012) with 24 times citations and the entire link strength is 145; 

and Aatola et al. (2013) with 23 times citations and the total link strength is 152. 

 

 
Fig. 15. The overall co-citation network on the co-cited references 

 

We also set 10 as the minimum number of citations of a cited source, and there are 124 co-cited sources. 

The top 3 sources are Energy Policy with 994 times co-citations. The total link strength is 28,543, Energy 

Economics with 787 times co-citations, and the entire link strength is 24,280, Applied Energy with 398 times co-

citations, and the link as the whole strength is 12,465. The overall co-citation network on all co-cited sources is 

shown in Fig. 16. 

 

 
Fig. 16. The overall co-citation network on the cocited sources 

 

By setting the minimum number of citations as 10, 119 authors are selected to show the overall co-citation 

network. We can also obtain the total strength of the co-citation links for each author with the other authors. The 
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comprehensive co-citation network of the 119 co-cited authors is shown in Fig. 17. Chevallier, J. with 90 times 

co-citations and the total link strength is 1,372. International Energy Agency (IEA) with 54 times co-citations 

and the entire link strength is 431. European Commission with 49 times co-citations and the total link strength is 

371. 

 

 
Fig. 17. The overall co-citation network on the cited authors. 

 

Fourthly, the co-occurrence analyses of all keywords, author keywords, and critical words plus are 

developed. 

(1) There are 1,452 keywords included in all selected publications, and we select 98 keywords that occur 

more than five times. Then the co-occurrence network of all keywords is shown in Fig. 18. The top ten keywords 

are Carbon pricing (Occurrences: 36 times), Carbon price (35), Energy (34), Emissions (33), China (32), Policy 

(31), Carbon tax (30), Impact (28), EU ETS (25) and Electricity (22). We find that keywords related to carbon 

pricing directly, such as carbon pricing, carbon price, emissions, and carbon tax, appear more frequently. 

Additionally, keywords closely related to carbon pricing mainly involve Impact, Policy, Energy, Market, EU 

ETS, Climate, etc. 

 

 
Fig. 18. The co-occurrence network of all keywords. 

 

(2) According to the keywords given by the authors, the co-occurrence of author keywords is analyzed, and 

the co-occurrence network is drawn and shown in Fig. 19. From the selected publications, the keywords given by 

authors are 872, of which 22 keywords are set as they meet the threshold that the minimum number of 

occurrences of keyword is more than 5. In Fig. 19, the top ten keywords are Carbon price (35), Carbon pricing 

(34), Carbon tax (30), Climate change (16), China (15), EU ETS (14), Carbon emissions (12), Energy price (12), 

Emissions trading (10) and Carbon policy (10). 
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Fig. 19. The co-occurrence network of all author keywords. 

 

(3) Keywords plus, generated by an automatic computer algorithm, are words or phrases that frequently 

appear in the titles of an article's references and not necessarily in the title of the article or as author keywords. 

This paper also analyzes the co-occurrence of keywords plus, and we obtain 692 keywords, in which 67 meet the 

threshold that the minimum number of occurrences of keywords is more than 5. The co-occurrence network of 

keywords plus is contracted and shown in Fig. 20. Additionally, the top 10 keywords are Policy (30), Energy 

(29), Emissions (29), Impact (28), Market (21), Co2 emissions (19), China (19), Model (19), Consumption (16) 

and Electricity (16). 

 

 
Fig. 20. The co-occurrence network of keywords plus. 

 

Based on the above three kinds of co-occurrence analysis of keywords, we clearly understand the research 

hotspots on carbon pricing impact on the energy industry in existing publications, and these hot words are also 

the subject of future research. We will discuss this topic in detail in the next section. 

 

Results 

 

This section reviews the impact of carbon pricing on different energy industries and discusses it. 

(1) Impact of carbon pricing on different energy industries 

Along with the development of the carbon market and the setting of carbon reduction and carbon peaking 

targets, the effect of carbon pricing on the energy industry has become increasingly prominent in recent years, 

such as the investment in renewable energy and advanced technologies and the energy structure (Ji et al., 2019). 

Furthermore, many researchers studied that change and global warming are significantly affected by carbon 

emissions from fossil fuel burning, particularly coal, oil, and gas (Chang & McAleer, 2019), and then proposed 

that carbon price is crucial in the management and risk decision making of activities related to fossil fuel 

combustion (Aguiar-Conraria et al., 2018; Chang et al., 2018; Chang & McAleer, 2019; Scholtens & van der 

Goot, 2015; Sousa & Aguiar-Conraria, 2015). Some reviews involving the impact of carbon pricing on different 

energy industries are summarized below. 

As a kind of fossil energy, oil is widely used worldwide, and it is also the most crucial element affecting 

global carbon emissions. Therefore, a growing number of countries are developing strategies to address carbon 

emissions from energy sources such as oil. These strategies also affect the development of the oil industry. 

Zheng et al. (2021) investigated the asymmetric relationship between oil shocks and China's carbon emission 

trading market. They proposed that oil shocks have a long-term asymmetric effect on carbon allowance prices. 
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For a similar reason, Ullah et al. (2020) suggested that more fossil fuel taxes and clean energy subsidies are 

needed for significant carbon-emitting economies. Additionally, some scholars also studied the impact of oil 

price fluctuations on carbon integration network design (Malaeb et al., 2019), the effectiveness of crude oil-

linked carbon pricing (Kanamura, 2019), the impact of oil market uncertainty on emissions price fluctuations 

(Dutta, 2018), and the interaction between oil prices, carbon emissions, and GDP (Zou, 2018), etc. Furthermore, 

much-existing research confirmed that high carbon prices and oil prices had prompted the development of the 

economy, but reducing carbon emissions while ensuring growth is still the focus of future research (Belfiori, 

2017; Lin & Tan, 2021; Nwani, 2017). 

As we know, coal has existed as a fuel for a long time and is now the primary fuel for generating electricity 

in power plants worldwide. Therefore, reducing coal use is critical to reducing carbon dioxide emissions. 

Similarly, in promoting carbon reduction, a lot of research discussed the relations between the coal industry and 

carbon price strategies. Firstly, some results are discovered by building models (Jie et al., 2021; Zhang et al., 

2020b), such as non-fossil fuel development and carbon pricing strategies (Jie et al., 2021), as well as the carbon 

price and income floors support scheme (Zhang et al., 2020b), etc. Furthermore, some studies have found that 

switching from coal to gas is the most cost-effective way to reduce carbon dioxide emissions (Bianco et al., 

2015; Lyseng et al., 2016; Scheller et al., 2019; Wagner et al., 2014; Wu et al., 2020b). Furthermore, Zhao et al. 

(2018a) proposed that coal is the best predictor of a carbon price and is superior to predictions and actual carbon 

price trends based on raw petroleum. Zhao et al. (2017) studied the carbon price of China's carbon emission 

trading pilot and its influencing variables, including coal price, economy, and temperature. They found that 

almost all variables have significant impacts on the carbon price, among which the coal price is the critical 

factor. Finally, unlike the EU market, the main driver of carbon prices in China appears to be coal prices instead 

of oil and gas prices because the main component of China's energy mix is coal (Fan et al., 2019a). 

    Compared to "dirty" coal plants, "cleaner" gas plants are more environmentally friendly, and a modest 

carbon price can achieve significant reductions in emissions at low costs in a short period (Gugler et al., 2021). 

Furthermore, the research discussed the marginal effects of energy prices on carbon price varies with the 

distributions of carbon-energy price in EU ETS and proposed that the impact of oil and coal prices is much more 

significant than that of gas price (Duan et al., 2021). At present, Britain's energy policy is mainly aimed at 

reducing carbon emissions. They are considering raising the price of carbon that households face and facilitating 

changes in the carbon prices for gas and electricity use. However, the above policy does not protect all low-

income families (Advani & Stoye, 2017). 

As one of the clean energies, nuclear power is being developed and used in more and more countries, 

although the proportion is still deficient. The Paris Agreement (COP21) highlighted the need for progress in the 

use of low-carbon energy technologies, including nuclear power. Alternative and atomic energy needs are 

optimized solutions to reduce carbon damage and work better with carbon taxes on polluters. Although 

alternative and nuclear energies initially increase carbon damage, they will decrease in the later stages of atomic 

expansion. Therefore, the development of nuclear power will effectively reduce the cost of carbon pollution 

(Anser et al., 2021). Some studies have found that high fossil fuel prices have rekindled interest in nuclear 

energy. However, some specific characteristics make nuclear energy unattractive to competitive merchant 

generators in liberalized electricity markets (Roques et al., 2006). Therefore, there are still many obstacles to 

overcome in developing nuclear energy. 

Wind power is a renewable, clean energy source, and it is abundant and widely distributed. Under certain 

technical conditions, wind power can be an essential energy source. Currently, wind energy is a comprehensive 

engineering technology that converts the kinetic energy of the wind into mechanical energy, electric energy, and 

heat energy through wind turbines. Wind power is energy-saving and environmentally protective, so the full 

utilization of wind power will significantly reduce fossil energy consumption and thus reduce carbon emissions. 

Forbes and Zampelli (2019) concluded that higher levels of wind penetration significantly reduce carbon 

emissions and reduce emissions by 14.6% with wind power. Furthermore, when investigating the ability of 

carbon pricing policies to support offshore wind power investment in China, a sensitivity analysis of the effect of 

carbon pricing policy shows that the impact of carbon pricing policy on wind power investment seems to be 

more significant when the investment risk is higher. Wind curtailment is more meaningful (Tu et al., 2018). 

Feed-in tariff policies that promote wind power to replace thermal power and a well-functioning carbon price 

mechanism significantly impact carbon dioxide reduction. They can be coordinated to achieve emission 

reduction (Lin & Chen, 2018). Furthermore, Petitet et al. (2016) proposed that market-driven development of 

wind power seems to be possible only based on stable and high carbon prices. In addition to the above research 

and technical level, some experts have made the carbon price level a condition for wind deployment, giving it an 

edge over fossil fuel technologies and an effective wind support policy (Gavard, 2016). 

With the decrease in fossil fuels, solar power, as new renewable energy, has become an essential part of 

human energy use and has been continuously developed. Solar power can be used in the photothermal and 

photoelectric conversion. In recent years, studies are developed that involve solar energy policy, such as the 

economic profitability of solar photovoltaic systems (Huuki et al., 2021), (Kruitwagen et al., 2021), the 
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relationship between the time-of-use electricity price and solar panels (Liang et al., 2020), boosting the demand 

for photovoltaic projects (Chen & Bi, 2018), etc. Additionally, Best and Burke (2018) analyzed the role of 

policies and preferences in the national adoption of solar and wind technologies. They proposed that countries 

with a carbon price and a higher proportion of people concerned about climate change have a higher proportion 

of solar energy. 

(2) Models for optimal carbon pricing 

In this subsection, some constructed models for optimal carbon pricing are summarized in Table 5 to show 

the impact of carbon policies on the energy structure (An & Zhai, 2020; Chu et al., 2020; Galinis et al., 2020; 

Han et al., 2019; Li et al., 2021; Li et al., 2020a; Meng et al., 2020; Mo et al., 2021; Tsao et al., 2021; Wilkerson 

et al., 2015; Zeng et al., 2021; Zhang et al., 2019; Zhang et al., 2021; Zhu et al., 2019). For example, integrated 

assessment models (IAM) were used to assess the impact of carbon policies on the energy structure (Wilkerson 

et al., 2015), and the ARMA-GARCH model was used to discuss the characteristics of carbon price fluctuation 

in seven regions of China (Zeng et al., 2021), the MRSVD-MFO-ELM model was used to make carbon price 

forecasts in the European Union (EU) and China (Zhang et al., 2019). Established models are advantageous in 

redefining the carbon price and optimizing the energy structure. 

 
Tab. 5. Some modes constructed for optimal carbon pricing. 

References model Description 

(Wilkerson et al., 2015) Integrated assessment models (IAM) Assess the impact of carbon policies on the energy structure 

(Zeng et al., 2021) ARMA-GARCH model 
Discuss the characteristics of the fluctuation of carbon prices in 

seven regions of China. 

(Zhang et al., 2019) MRSVD-MFO-ELM model Carbon price forecast in the European Union (EU) and China 

(Zhang et al., 2021) 
An optimal configuration planning 

and dispatch model 
Compare the performance of the three heating modes 

(Mo et al., 2021) A Real Options-Based Model 
Quantify the implied risk for newly built coal plants to become 

stranded assets by carbon pricing. 

(Li et al., 2021) 
Time-varying parameter vector 

autoregressive (TVP-VAR) model 

Analyze the impacts of different drivers on the pricing of EU 

carbon futures in various periods 

(Tsao et al., 2021) Sustainable ADMS (SADMS) 

Provide demand response programs with various energy pricing 

schemes that correspond to different customers and energy 

consumption loads. 

(An & Zhai, 2020) SVR-DEA model 
Calculate the prices of increasing block carbon tax (IBCT) and flat 

carbon tax (FCT).  

(Galinis et al., 2020) Energy System Optimization Model 
Assess the resilience of the planned energy system to possible 

disruptions. 

(Chu et al., 2020) 
Semiparametric Quantile Regression 

Model 

Explore the effects of energy prices and macroeconomic drivers on 

carbon prices in different quantiles. 

(Li et al., 2020a) BP neural network model 
Simulate the long-term trends of carbon futures prices in six 

scenarios. 

(Meng et al., 2020) GTAP-E model Simulates the effect of a national ETS in China 

(Han et al., 2019) 

Combination-mixed data sampling 

regression model and 

backpropagation neural network 

Perform real-time forecasting of weekly carbon prices in China's 

Shenzhen carbon market 

(Zhu et al., 2019) Multiscale analysis model Explore and identify the carbon price drivers at different timescales 

 

(3) Carbon pricing policies and their impact on the energy industry 

Carbon pricing can internalize the negative externalities caused by environmental pollution that the 

commodity market cannot solve within the scope of the market to maximize social benefits (Stern and Stiglitz, 

2021), (Klenert et al., 2018). In order to do this, greenhouse gas emitters should pay for the right to emit 

emissions to compensate the rest of the economy for lost benefits. This process can be known as carbon pricing. 

The carbon pricing mechanism is generally divided into carbon tax and carbon emission trading systems (Lili et 

al., 2015).  

A carbon tax is a tax on carbon dioxide emissions. More specifically, a carbon tax is levied on fossil fuels 

according to their carbon content or carbon emissions to reduce carbon dioxide emissions. In recent years, many 

experts have studied carbon taxes, including the effect of expected energy prices on carbon taxes (Kaufmann, 

1994), the decisive role of a carbon tax in limiting polluting industries and reducing carbon emissions (Zaman et 

al., 2021), the carbon tax pricing in China's thermal power industry (An & Zhai, 2020), the carbon tax has 

accelerated the spread of cogeneration systems (Zhang et al., 2020a), the optimal carbon tax rates of countries 

under noncooperative and cooperative scenarios (Chan, 2020), the impact of carbon tax policy on energy price 
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decline (Guo et al., 2019), etc. A carbon tax combined with strong energy efficiency policies will produce 

synergies to achieve deep decarbonization targets (Brown & Li, 2019). However, there are some gaps in the 

carbon tax. First, even though the carbon tax reduced carbon dioxide emissions by a small amount from oil and 

gas use, this was offset by an increase in emissions from increased electricity consumption by some companies 

(Hyland & Haller, 2018). Second, under recent technology and cost projections, Palmer et al. (2018) found that a 

carbon tax would lead to a shift in power generation from coal and gas to renewables rather than coal to gas and 

renewables. Furthermore, the rational design of climate mitigation policies, such as carbon taxes, can face many 

challenges, including the strategic behavior of fossil fuel producers and the vast uncertainties surrounding the 

climate system (Zhang & Zhu, 2017). 

As an effective economic tool to deal with climate change, carbon emission trading has received a great 

deal of attention in recent years (Chiu et al., 2015; Diaz-Trujillo et al., 2019; Fan et al., 2019b; Hua, 2020; Qi & 

Choi, 2020; Zhou & Li, 2018). For example, Qi and Choi (2020) analyzed the trading mechanism of China's 

carbon emission trading pilot market, suggesting that policymakers should levy a carbon tax or carbon emission 

quota to adjust the market price to stimulate coal enterprises' willingness to reduce carbon dioxide emissions. 

The carbon tax policy plays a vital role in curbing carbon dioxide emissions but has no apparent effect on 

optimizing the energy structure in the short term. Therefore, it is suggested to adopt the carbon tax and carbon 

emission trading policy to significantly reduce carbon dioxide emissions and optimize the energy structure (Zhao 

et al., 2018). Furthermore, Chiu et al. (2015) estimated the energy price equivalence of carbon taxes and 

emissions trading in energy markets. They proposed that the price effect of a carbon tax and carbon emission 

trading depends on the energy market structure in an imperfectly competitive market. On the contrary, the price 

effect of a carbon tax and carbon emission trading is lower than that of carbon emission trading. 

 

Discussion 

 

On the basis of the above analyses, some discussions are summarized as follows. 

(1) For research on the influence of carbon price on the fuel conversion strategy of power generation 

companies, the switch from coal to gas in power generation companies is significant in tackling air pollution and 

mitigating climate change (Zhao et al., 2021). Additionally, the energy transition movement must place social 

and economic justice at the center of its struggle to gain broad appeal (Eaton, 2021). Therefore, with the 

increasing maturity of clean power generation technologies, enhancing their emission reduction capabilities and 

carbon trading management capabilities will enable power generation companies to occupy a more favorable 

position in the future low carbon energy market. 

(2) Energy prices are a critical factor in reducing carbon emissions. The relationship between industrial 

energy prices and carbon emissions is generally non-linear, and energy prices have a significant negative impact 

on carbon emissions. When energy prices exceed the threshold, the negative effect on carbon emissions in 

energy-intensive industries is more significant (Tian & Yang, 2020). Furthermore, Ji et al. (2021) expressed that 

the price of oil is positively correlated with the price of carbon, the price of coal is negatively correlated with the 

price of carbon, and the price of carbon-intensive products will also affect the price of carbon. Therefore, for 

different fossil fuels, such as coal, oil, and natural gas, it will be increasingly worthwhile to study their impact on 

carbon pricing, such as degree, duration, and differences of impact. 

(3) Overall emission levels can be further reduced by diversifying the energy mix, increasing 

renewable/clean energy sources, and developing policies that favor the industrial and residential use of 

renewable energy sources such as solar power (Malik et al., 2020). Furthermore, if a carbon pricing mechanism 

is in place, renewable energy policies will increase the economic cost of reducing greenhouse gas emissions and 

lead to a lower carbon price level (Wu et al., 2020a). In response to current pandemic developments, renewable 

energy generation, such as solar and wind power, has increased in the context of reduced global electricity 

demand due to the spread of COVID-19. Meanwhile, renewable energy power generation requires less staff, 

which has obvious advantages in preventing and controlling epidemics. Therefore, ambitious renewable energy 

policies must be matched with stronger climate policies and the realities of the COVID-19 response to achieve a 

reasonable carbon price. 

Additionally, some challenges are discussed as follows: 

(1) From research on the impact of zero-carbon investment, it is evident that the effectiveness of carbon 

pricing in stimulating innovation and zero-carbon investment remains a matter of theoretical debate (Lilliestam 

et al., 2021). For example, the influence of carbon pricing on the dispatch of the power system and the wholesale 

spot market price is related to a series of system conditions, operating procedures, and investment incentives, so 

it is not easy to minimize the actual cost per tonne of carbon reduction achieved while minimizing carbon 

emissions. 

(2) As China's carbon market officially launches this year, one of the most critical challenges is its impact 

on the arid and semi-arid regions' social and economic development (Li et al., 2020a). Furthermore, carbon 

policies will increase the price of fossil fuels. Therefore, coordinating the relationship between carbon pricing 
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and traditional fossil energy subsidies is crucial. Furthermore, there is a need to have more strategic coordination 

of energy resources, power grid operation, and climate policy and take into account all parties' interests. 

Meanwhile, it is necessary to mitigate the adverse impact carbon policies can have on different industries.  

(3) Although the carbon price appears to stimulate research and development intensity (innovation input), 

an increase in research and development intensity does not lead to a rise in industry sales and profits (innovation 

output) (Lin & Wesseh, 2020). Therefore, research on the relationship between carbon emissions, R&D 

expenditure, and carbon trading prices for different industries is also challenging research content. 

(4) Some scholars argue that the energy market alone will not incentivize investors to provide fully 

renewable, reliable, and affordable energy systems even with a substantial carbon price. Therefore, it is 

necessary to find more secure measures to balance a carbon price with an efficient energy system in addition to 

the energy market. 

(5) People pay great attention to the effect of distribution, especially the impact of policies on the poor 

population, thus reducing the acceptability of policies. There is also a lack of trust in governments' ability to 

make good use of carbon pricing revenues (Maestre-Andres et al., 2019). How can the government improve 

public confidence in its ability to generate revenue from carbon pricing, which is an essential step in developing 

a carbon pricing mechanism? 

(6) Different carbon tax policies should be proposed for different industries. For example, subsidies and 

price changes have had little impact on energy investment and carbon intensity in the iron and steel industries. 

However, subsidies and fuel prices have driven investment in the chemicals sector, improving carbon emissions 

and energy intensity. Therefore, policymakers must adjust the rate of carbon taxes and tax recovery provisions 

according to the characteristics of the industry to stimulate the reduction of carbon dioxide. 

Finally, we introduce future research on carbon pricing on the energy industry's impact. 

According to reviews of the literature and the challenges summarized above, some future research 

guidelines on carbon pricing involving the energy industry are set up as follows: 

(1) For the policies on carbon pricing, some future research can be listed: First, even though the carbon 

price appears to stimulate the intensity of R&D (Lin & Wesseh, 2020), the increased R&D does not lead to 

increased sales and profits for the energy industry. Therefore, to better achieve the economics of carbon pricing 

in a potentially risk-averse competitive world, it is necessary to implement some policies that encourage 

innovation in energy-intensive industries at the production stage. Additionally, considering that there is no 

incentive for investors to provide fully renewable, reliable, and affordable energy systems even with a substantial 

carbon price (Kraan et al., 2019), policymakers should focus on improving renewable energy management 

mechanisms, as well as combining with market incentives to achieve fully renewable, reliable and affordable 

power systems. Moreover, a clear policy direction for participating companies is to establish a positive and 

stable carbon price. Therefore, we encourage companies to adopt advanced pollution reduction technologies. 

Most importantly, public acceptance of carbon pricing is a prerequisite for the steady development of carbon 

pricing policy (Maestre-Andres et al., 2019). Therefore, the redistribution of income to vulnerable groups must 

be effectively combined with the funding of environmental projects such as renewable energy. Additionally, 

Minimum Energy Performance Standards (MEPS) can improve the energy efficiency of appliances and reduce 

carbon dioxide emissions. Therefore, the study on the dependency and difference between minimum energy 

performance standards and the carbon pricing mechanism can provide better policy suggestions to policymakers. 

(2) Carbon pricing has drastically reduced carbon emissions. In the current international situation, carbon 

pricing incentivizes companies to find innovative ways to reduce carbon emissions (Anser et al., 2020). 

Therefore, converting non-renewable fuels to renewable fuels can achieve energy efficiency more efficiently, 

conserving natural resources through fuel burning. Furthermore, carbon pricing, food production indices, FDI 

inflows, and a broad money supply will reduce fossil fuel emissions over the next decade. 

(3) Economists generally agree that carbon pricing is an effective policy to address externalities of energy 

use, but political feasibility is likely to be a persistent problem. For this issue, careful consideration of the 

potential factors influencing the range of carbon pricing, including environmental, social, political, and economic 

variables, is vital for future research. 

(4) To guide investors to rational carbon trading, carbon price prediction plays a vital role in promoting 

carbon market management (Sun et al., 2020; Sun & Zhang, 2020). Therefore, the establishment of carbon price 

forecasting methods and models is also a critical research area in future research.  

(5) The reduction in carbon emissions was achieved mainly by reducing coal inputs and emissions leaks 

rather than switching from coal to natural gas or from fossil fuels to non-fossil fuels (Huang et al., 2019). 

Therefore, it will be an exciting research topic in the future to discuss whether the shift from fossil to non-fossil 

fuels can reduce carbon emissions. Furthermore, improving energy efficiency reduces carbon emissions and has 

a positive economic impact but increases public and external debt. On the contrary, carbon taxes that reduce 

carbon emissions have positively impacted public and external debt. Therefore, these two strategies are 

fundamental to reducing carbon emissions and increasing growth. 
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(6) As we know, an emissions trading scheme (ETS) could be an effective way to combat global warming. 

In contrast, studies of the impact of ETS prices on energy consumption, carbon dioxide emissions, and the 

economy are essential prerequisites for implementing the scheme. In addition, the carbon tax is another 

economic measure that internalizes the cost of carbon emissions. However, it does not guarantee that emissions 

are kept within a specific limit, and a fixed tax may impose an unnecessary burden on the economy in the event 

of a recession. Therefore, it is essential to properly deal with the relationship between carbon trading 

opportunities and carbon taxes in future research. 

 

Conclusions 

 

This article investigates the impact of carbon pricing on the energy industry based on bibliometric analysis 

and visual study. First, we summarize existing research trends on the impact of carbon pricing on the energy 

industry from various social points of view. Then, we review the impact of carbon pricing on various energy 

industries, models for optimal carbon pricing, carbon pricing policies and their effect on the energy industry, and 

some discussions. Finally, some challenges were discussed, and future research on carbon pricing on the energy 

industry's impact was introduced. 

Based on the bibliometric analysis and discussion above, carbon pricing has had a noticeable impact on the 

energy industry, especially in recent years of low-carbon and emission reduction. In the future, more research, 

such as carbon pricing policies, energy transformation, carbon price forecasting methods, and models, can be 

analyzed to coordinate the relationship between carbon pricing and the energy industry. 
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