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1. Figures and Tables  

Supplemental Figure 1.  

Electricity Generation by Technology (GWh)  

 

 

 

 

 

 

 

 



 

 

 

Supplemental Figure S2.  

New Added Electricity Generation (MWh) by Technology.  

 

Supplemental Figure S3.  

New Added Electricity Generation (MWh) from Wind and Solar. 

 

 



 

 

Supplemental Figure S4.  

2019 Distribution of Daily Sunshine Hours in China.  

 

Source: Hourly Data From Surface Meteorological Stations In China for each province, Chinese 

Meteorological Administration, https://data.cma.cn/data/index/6d1b5efbdcbf9a58.html  

 

Supplemental Figure S5.  

2017 Distribution of Effective Wind Power Density in China.  

 

Source: Wind Energy Source, Chinese Meteorological Administration, 

http://www.xn121.com/xkp/nyqh/nyqhzy/2017/11/1890742_f_r.shtml 

 

https://data.cma.cn/data/index/6d1b5efbdcbf9a58.html
http://www.xn121.com/xkp/nyqh/nyqhzy/2017/11/1890742_f_r.shtml


 

 

Supplemental Figure S6.  

The Exporters and Importers Provinces of Electricity.  

  

Panel A. Electricity demand and supply of year 2030                               Panel B. Electricity demand and supply of year 2060 

 

Note: Values plotted on the maps are electricity demand minus the electricity supply. Therefore, values 

above 0 means electricity importer, and values below 0 means electricity exporters. 

 

Supplemental Figure S7.  

Generation Mix 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure S8. 

Investment Needs by Province and Timeline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure S9.  

Annual Average Energy Investments Needs for 5 Year Periods in China from 2025–2060 
According to Different Financial Indicators.  

 

 

Note: Related to Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure S10. 

Annual Average Energy Investments Needs for 5 Year Periods in China From 2025–2060 
According to Different Capacity Factors.   

 

Note: Related to Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure S11.  

Annual Average Energy Investments Needs with CCS Technologies for 5 Year Periods in 
China from 2025–2060. 

 

Note: The grey line indicates the historical annual investment between 2016 to 2020. ($ 483 Billion with 

CCS) 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure S12.  

Investment Timeline by Province in Detail with Temporal Trend.  

 

Note: Related to Figure 8. 

 

 

 

 

 

 

 

 

 

 



 

 

Supplemental Figure S13.  

Investment Needs Based on Different Perspectives.  

 

 

Supplemental Table 1.  

WACC by Technology.  

 

 



 

 

2. Renewables Policy Deep Dive  

 

2.1 Commonly Used Policies Tools 

Here we focus on six commonly used policies to promote renewable energy generation and 

discuss their roles in promoting renewable energy in China. The following policies are, 

production tax credit, government procurement purchasing, feed-in-tariffs, renewable 

portfolio standards (renewable energy targets), bidding system, and cap and trade. In the 

current development stage, China is moving towards market-based policies such as cap 

and trade and the auctioning bidding systems that provide various incentives such as cost 

reduction to reduce gas emissions, generate government revenue, stimulate competition 

and technological innovation.   

 

2.1.1 Production Tax Credit (PTC)  

The Production Tax Credit (PTC) offers a production incentive in the form of a tax credit 

to urge firms to produce particular energy,  and investors to invest in clean energy 

(investment tax credit, ITC)1, such as wind, solar, geothermal, and closed-loop biomass 

(CDFA, 2021; J. Liu et al., 2022; Palmer & Burtraw, 2005). The mechanism of this tax 

incentive was first introduced in the United States, and adopted in many countries, such 

as Belgium, Spain, South Korea, and China (Ogunlana & Goryunova, 2017). Despite that 

the tax credit can be applied either to income tax (e.g., the U.S.), property tax (e.g., Italy, 

Spain, Belgium, Poland), or value added tax (e.g., China, UK, Malta); it intended to achieve 

the same goal - to stimulate high-risk investment by creating a tax parity between 

renewable energy and traditional technologies  (Lu, 2019; Ogunlana & Goryunova, 2017).  

 

In China, offering tax incentives to renewable energy developers is a major tool of the 

government to incentivise the development of renewable energy in the period of 2005-

2015. The Ministry of Finance (MOF) and State Taxation Administration (STA) jointly 

announced “Notice on the Value-added Tax (VAT) Policy of PV Power” (2013), “Notice on 

the Value-added Tax Policy for Large Hydropower Enterprises” (2014), “"Notice on Value-

 
1 The PTC and ITC differ in that the PTC is calculated based on the amount of electricity produced as output 
(measured in kilowatt-hours), and ITC is measured based on the capital investment volume (measured in monetary 
units)  (Ogunlana & Goryunova, 2017). 

https://www.zotero.org/google-docs/?broken=p9uYFS
https://www.zotero.org/google-docs/?broken=UCwcsZ
https://www.zotero.org/google-docs/?broken=zQ0EO2
https://www.zotero.org/google-docs/?broken=Dsp9xC


 

 

added Tax Policy of Wind Power” (2015), “Notice on Continuing the VAT Policy for Solar 

Power Projects” (2016), consecutively (Fan et al., 2018). However, at present, this tax 

incentive policy has not been renewed or replaced by a new policy (Lu, 2019; C. Zhang et 

al., 2021). 

 

In general, the production tax credit is the least cost-effective way to reduce carbon 

emission. It promotes new renewable technologies, but it does not stimulate the dynamic 

learning process required to bring down costs. The credit reduces the average cost of 

energy with lower electricity prices, but it comes at the expense of the taxpayer (Sherlock, 

2020). This policy is also not politically feasible as there are differing ideas on the 

appropriate amount of tax credits issued to firms. The production credit does not 

necessarily provide a comparable incentive for all emissions reduction alternatives 

(discussed in depth in following paragraphs) because it reduces tax revenues (Sherlock, 

2020).  

 

In conclusion, PTC was phased out in China at this stage, because it contributes to revenue 

loss for the government, it is not cost effective, and does not provide enough incentive for 

the firms to commit to the emission reduction (Zhu & Song, 2020) 2. Instead of production 

credits or subsidies, China opted in for tax reduction or exemption, preferential pricing, 

and among other types of support which has contributed greatly to renewable energy 

development in China (Zhu & Song, 2020). 

 

2.1.2 Feed-in -tariff (FIT) 

Feed-In-Tariff (FIT) is a policy and a price-based approach system where electric utilities 

are obliged to purchase electricity, at a set price, from green power generators. It can also 

be seen as set payments per kilowatt hour to renewable electricity producers, either 

independent of, or in addition to, the market price of electricity (Ma et al., 2021; Rowlands, 

2005). The cost savings and price stability for the tariffs may depend on the program 

structure and term. Quantity targets for emission reduction cannot be achieved without 

appropriate tariff levels, thereby average application of this policy is from 10-20 years. 

This policy has been effective in promoting the expansion of renewable electricity capacity 

 
2 U.S. Department of Energy Office of Energy, Efficiency and Renewable Energy, National Renewable Energy 
Laboratory, “Renewable Energy Policy in China: Financial Incentives,” 
https://www.nrel.gov/docs/fy04osti/36045.pdf; 

https://www.zotero.org/google-docs/?broken=TA97yf
https://www.zotero.org/google-docs/?broken=2FDMSc
https://www.zotero.org/google-docs/?broken=2FDMSc
https://www.zotero.org/google-docs/?broken=qIZb7Y
https://www.zotero.org/google-docs/?broken=qIZb7Y
https://www.zotero.org/google-docs/?broken=bMBtx5
https://www.zotero.org/google-docs/?broken=bMBtx5
https://www.zotero.org/google-docs/?broken=1x7yxr
https://www.zotero.org/google-docs/?broken=68lr1m
https://www.zotero.org/google-docs/?broken=39WM8T
https://www.zotero.org/google-docs/?broken=39WM8T
https://www.nrel.gov/docs/fy04osti/36045.pdf


 

 

around the world. By the end of 2020, FIT was used in 113 jurisdictions around the world, 

which is mainly represented by Germany, Denmark, Spain, and China, with African 

countries playing an active role recently (REN21, 2020). 

 

FIT has been more successful than RPS in generating renewable energy capacity and there 

are several reasons why. This policy offers lower risk which translates into lower financing 

cost for renewable energy projects for investors (Xu & Ma, 2021; Wüstenhagen & 

Menichetti, 2012). For instance, the guaranteed payments over a period of years provide 

investors with sufficient confidence to invest the large sums of money that are initially 

required in order to construct a renewable electricity facility (Rowlands, 2005). The 

benefits of FIT include fast and easy installation of generators, a simple payment structure, 

lower transaction costs, and high political acceptability (Mah et al., 2021). FIT helps to 

cover wide geographic locations and promotes technological learning (Du & Takeuchi, 

2020; Rowlands, 2005).  

 

However, FIT has resulted in very high public costs, which laid a high social burden on the 

public (Yang et al., 2021). It lessens competition because of the safeguard of long term 

guaranteed payments which discourages producers from competing with each other. This 

policy limits the incentive to reduce costs below a certain break-even level, where in some 

countries, the promotion effect is overestimated (Yang et al., 2021). 

 

China started the FITs of renewable energy electricity right after the 2005 Renewable 

Energy Law (REL), which has far-reaching implications for China’s commitment to 

renewable energy development (Fan et al., 2018). Over the years, renewables development 

in China has mainly been driven by feed-in-tariffs because FIT made it easier to have a 

robust and sustainable renewable energy infrastructure in China. For instance, it brought 

electricity to the most rural villages of China (Zhu & Song, 2020). FIT policy even 

aggravates industry-wide resource misallocation, thereby limiting productivity in the 

renewable industry and exacerbates the problems of wind curtailments (Yu et al., 2021). 

This policy led to remarkable growth in renewable energy in China, but lacked sufficient 

flexibility to respond to cost changes, and provided limited incentives for further cost 

reduction  (Zhu & Song, 2020). More and more studies indicate that FIT performs better 

when the cost of renewable energy is high, thus, it is suitable for the early stage of the 

development of the renewable energy industry. Starting from 2016, China’s development 

of renewable energy has entered a new period, where the trend of development tends to 

https://www.zotero.org/google-docs/?broken=V8u9rS
https://www.zotero.org/google-docs/?broken=fs1EgC
https://www.zotero.org/google-docs/?broken=fs1EgC
https://www.zotero.org/google-docs/?broken=O5uApE
https://www.zotero.org/google-docs/?Vsd8BW
https://www.zotero.org/google-docs/?broken=WBxfs4
https://www.zotero.org/google-docs/?broken=WBxfs4
https://www.zotero.org/google-docs/?broken=eWtGl4
https://www.zotero.org/google-docs/?broken=SP1kgY
https://www.zotero.org/google-docs/?broken=K2CEgu
https://www.zotero.org/google-docs/?broken=wRORjb
https://www.zotero.org/google-docs/?3I9c4n
https://www.zotero.org/google-docs/?broken=vOIrFr


 

 

be stabilized, and the renewable energy industry is mature. In this new stage, China began 

to pay more attention to the point of promoting energy transformation by quota or auction 

mechanism, which has proven to reduce production cost and promote subsidize-free 

projects (Fan et al., 2018; Zhu & Song, 2020). 

 

2.1.3 Auctioning or bidding system 

Competitive auctions and tenders’ mechanism, is used continuously by many countries in 

lieu of feed-in policies to deploy large scale, centralized renewable energy projects (REN21, 

2020). This policy operates from a quantity-based approach where the public authorities 

set a target and organize competitive bidding processes. A utility can place bids to supply 

renewable energy up to 20 years into the future at the minimum price bid of electricity 

(per kilowatt-hour). This market based competitive bidding system has attracted more 

than 109 countries by the year of 2019 (REN21, 2020).  

 

The benefits of the auction systems include the acceleration of the green energy through 

increased competition among bidders, cheap electricity prices for consumers, and reduced 

costs and scale up deployment on the supply side (Auffhammer et al., 2021; Wiser et al., 

2003). Some of the unique strengths of the bidding system are that it allows for flexibility 

in its design elements to meet deployment and development objectives and has the ability 

to cater to different jurisdictions reflecting their economic situation, the structure of their 

energy sector, and the maturity of their power market (IRENA & CEM, 2015). Compared 

with only FIT, the auction scheme also can reduce the financial burden on governments, 

control the incentives to overinvest in new capacity, ease the issue of information 

asymmetry and alleviate equity concerns (Roberts, 2020). The socio-economic benefits of 

the bidding system ensure greater participation from developing countries (IRENA, 2013). 

Success bidding process includes the following: i) increased competition among 

participating bidders in order to bring the prices down; and ii) that the participation in the 

auction is limited to bidders that have the capacity to implement projects at the contracted 

price in the given timeframe while contributing to the broader development goals (IRENA 

& CEM, 2015). Apart from increasing competition, technology-neutral auctions reduce 

prices due to technological development and reduce the risk of under-contracting due to 

the high level of participation of potential project developers in the bid (IRENA & CEM, 

2015). 

 

https://www.zotero.org/google-docs/?broken=lBb5Ne
https://www.zotero.org/google-docs/?broken=GEPLai
https://www.zotero.org/google-docs/?broken=GEPLai
https://www.zotero.org/google-docs/?broken=uwMJ47
https://www.zotero.org/google-docs/?broken=b24uhP
https://www.zotero.org/google-docs/?broken=b24uhP
https://www.zotero.org/google-docs/?broken=WVknag
https://www.zotero.org/google-docs/?xr8GW7
https://www.zotero.org/google-docs/?broken=kMfvHC
https://www.zotero.org/google-docs/?broken=U9p12Y
https://www.zotero.org/google-docs/?broken=U9p12Y
https://www.zotero.org/google-docs/?broken=GbOhOf
https://www.zotero.org/google-docs/?broken=GbOhOf


 

 

On the other hand, auctioning comes with some concerns such as the lack of oversight and 

transparency in the procurement process. Transaction costs (often associated with 

administrative procedures) may be high in comparison to the total anticipated profits for 

bidders and can constitute a barrier to entry for smaller players. Also, an unfavorable 

auction design (e.g. strict compliance rules, requirements, and low ceiling prices) may not 

attract enough bidders or even lead to disorderly competition, high non-realization rate, 

and low bids due to the winner’s curse and aggressive market entry (Matthäus et al., 2021; 

Wiser et al., 2003). Also, if profits are lower for project developers under auctions, pressure 

on the manufacturers upstream and downstream might exert negative influence on the 

quality control and innovation ability (del Río & Kiefer, 2022). Additionally, the near 

absence of power purchase agreements (PPA) for new projects could lead to uncertain 

outcomes (i.e  a discontinuation of project funding for renewable projects) and project 

delays with no penalty or accountability for nonperformance  (Wiser et al., 2003).  

 

Especially for the development of the whole renewable industry and its supply chain, the 

auction mechanism brings about a competitive environment that pressures the companies 

and forces them to accept higher risks, increasing costs, and lower returns, leading to a 

risk-return misalignment (Đukan & Kitzing, 2021). The low margins and even revenue loss 

due to underbidding might affect technical quality and reliability of projects or even 

devastate the credibility and competitiveness of the whole industry (IRENA, 2013; Welisch 

& Poudineh, 2020). Therefore, a scientific evaluation system and appropriate design is 

integral to avoid the harm dysfunctional auctions might bring in the long run (Đukan & 

Kitzing, 2021). 

 

Since 20043, the Chinese government has had long experience with RE tenders4, as with 

FITs (BEETZ, 2018).  For instance, the 2019 auction results showed that more than 30% 

price reduction was from utility-scale solar projects on average compared to May 2018 

levels. In that same year, over 250 subsidy-free projects totaling more than 20 gigawatts 

(GW) were approved, with solar representing more than 70% of the projects (Zhu & Song, 

2020). Additionally, the Chinese government took further steps to move from a FIT system 

to an auction-based system. In 2018, China’s NEA published a notice regarding the 2018 

 
3 The first renewable tender, a wind project, was launched in 2003 by the National Development and Reform 
Commission (NDRC), six years before creating the FIT policy. However, at that time, the renewable industry in 
China was still in its infancy.  
4 Actually, these project-specific auctions are generally referred to as concession schemes, not the auction 
mechanism in the later stage (Azuela et al., 2014).    

https://www.zotero.org/google-docs/?ZifB0e
https://www.zotero.org/google-docs/?ZifB0e
https://www.zotero.org/google-docs/?broken=IEOc2T
https://www.zotero.org/google-docs/?SNqHnv
https://www.zotero.org/google-docs/?broken=pmzorZ
https://www.zotero.org/google-docs/?broken=pmzorZ
https://www.zotero.org/google-docs/?broken=pmzorZ
https://www.zotero.org/google-docs/?ZNPnlI
https://www.zotero.org/google-docs/?2rjgkN
https://www.zotero.org/google-docs/?2rjgkN
https://www.zotero.org/google-docs/?mbacXi
https://www.zotero.org/google-docs/?mbacXi
https://www.zotero.org/google-docs/?broken=HTkvJh
https://www.zotero.org/google-docs/?broken=guodTj
https://www.zotero.org/google-docs/?broken=guodTj
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Administrative Requirements of Wind Power Development, where the Administrative 

Guidance for Competitive Allocation of Wind Power Projects was attached to the notice. 

This move signaled the launch of the auction mechanism for future wind power awards, in 

order to reach grid parity of wind power by 2020 (MAKE Consulting, 2018; WOOD 

MACKENZIE POWER & RENEWABLES, 2018). At the same time, a similar structure for the 

solar projects is also on the agenda (BEETZ, 2018). These actions show China’s aggressive 

move by shifting from a FIT system to an auction-based mechanism. 

 

2.1.4 Renewable Portfolio Standard (RPS)5 

Renewables Portfolio Standards (RPS) is a quota-based mechanism, which requires power 

producers to produce a certain proportion of their electricity from renewable sources (Yang 

et al., 2021). In most of the cases, jurisdictions that adopt RPS or other quota obligations 

also allow the use of tradable renewable/green energy certificates (TGC) (REN21, 2020). 

TGC is seen as a superior regulatory framework for promoting the diffusion of renewable 

electricity technologies because it requires a minimum level of renewable-based generation. 

In the short term, it minimizes the social costs of reaching a certain goal with a high degree 

of predictability. This policy is widely applied in US states like Connecticut, Maine, Nevada, 

Massachusetts and in countries like Canada, Japan, and all over Europe (Palmer & Burtraw, 

2005; S. Wang et al., 2022).  

 

RPS has many strengths including its cost and administratively effectiveness, straight-

forward and easy measuring way, and its ability to create market demand for renewable 

energy (Mah et al., 2021). Compared to the FITs, which are suitable for the early stage of 

the development of the renewable energy industry, RPS is suitable for the industry when it 

is mature. Because, under RPS, to maximize profits, power producers tend to choose 

renewable energy with relatively mature technology and lower cost.  

 

Against the background of green and sustainable development becoming the mainstream 

of the current China, in May 2019, China formally released their long-awaited RPS plan, 

which sets the minimum renewables consumption at a provincial level and distributes the 

responsibilities for renewable energy consumption among obligated parties (Zhu & Song, 

2020). This policy mandates renewables consumption in coastal provinces and stimulates 

 
5 Renewable energy targets, tradable green certificates (TGC). 

https://www.zotero.org/google-docs/?broken=UtgGJV
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interprovincial power trade. However, plans for interprovincial renewable power 

transactions have been limited because of diverging interests and goals between provinces.  

On 10 February 2021, the drafted Renewable Power Consumption Targets During 2021-

30 was released by the NEA. In this draft policy, grid companies will steadily increase the 

amount of power purchased from clean generation sources from 28.2% in 2020 to 40% 

by 2030. More importantly, the draft policy clearly indicated that the increase of PRS from 

2021 level will vary across provinces, to a uniform 40% by 2030 at a constant rate for each 

province (NEA, 2021). This policy will mandate renewables consumption in coastal 

provinces (where many corporations have loads) and stimulate the interprovincial power 

trade. However, the challenge for implementation in China is the misaligned incentives 

between provinces, which will be a key factor hindering interprovincial renewable energy 

transactions (Zhu & Song, 2020).  

 

2.1.5 Cap-and-trade policy/emissions trading scheme (ETS) 

The cap-and-trade policy, also known as the emissions trading scheme (ETS) is a market-

based approach that puts a limit on the amount of greenhouse gas emissions that 

countries or firms can emit. It provides economic incentives in a form of allowance or price 

for entities that reduce their emissions. Entities can trade allowances in the market, which 

offer entities a strong incentive to save money by cutting emissions in the most cost-

effective ways. By the end of January 2021, there are 24 ETS in force worldwide, covering 

16% of global GHG emissions (ICAP, 2021a). The application of ETS penetrates to different 

levels of government, covering major sectors such as power, industry, building, transport, 

etc (C2ES, 2020; ICAP, 2021a; Talberg & Swoboda, 2013).  

 

The cap-and-trade system is superior to all other emissions policies because it is market 

based and provides faster cuts in emissions. It essentially rewards innovation by offering 

a tangible cash infusion when fewer greenhouse gas emissions are produced. It eliminates 

the need for a carbon tax because the allowances offer a financial incentive for entities, 

and it will cost organizations more money to continue producing at the same levels.  In the 

US, the average cost per ton reduced is $82 under the carbon cap versus $126 under the 

15% RPS policy that attains comparable reductions (Palmer & Burtraw, 2005). ETS is a 

better mechanism to adopt because there will be automatic compliance from entities 

(Gaille, 2019). The policy will receive strong political support because it generates lots of 

revenue for the government. For instance, the government can decide to auction emissions 

credits to the highest bidder to generate revenue to support infrastructure needs, social 

https://www.zotero.org/google-docs/?broken=XQ0tRp
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programs, or national defense. ETS is ranked higher than renewable alternatives because 

it gives consumers more choices. A consumer can choose to do business with their 

competitors who are committed to reducing their pollution levels. Conversely, critics argue 

that ETS does not lead to behavior change to renewable energy because firms can purchase 

carbon credits to cheat the system. In other words, there is no structural way to monitor 

an organization’s compliance but to take polluters at their word  (Gaille, 2019). For this 

system to work, it requires strict enforcement of the maximum level of emissions with zero 

exemptions for polluters.  

 

China has one of the world's largest CO2 emissions trading systems which allow them to 

create a carbon market for electric power generation, steel, petroleum refining, cement 

and other industries producing most of the country’s greenhouse gas emissions (RAIMI, 

2020).  This system is viewed as the “green dispatch” strategy for its electric power supply 

and a mechanism to meet the country’s goal of producing 20 percent of its electricity from 

renewables by 2030 (Magill, 2015). In 2013, China launched pilot cap-and-trade projects 

in seven different cities6, covering more than 2,600 companies in the power section in 

regions with a population of more than 258 million, GDP of 13.0 trillion yuan, and 

emissions of 1501 million ton CO2 in 2011, covering 18.6%, 24.9% and 16.2% of China’s 

total population, GDP and emission (Gao et al., 2020). In 2017, China politically launched 

its national ETS, starting operation in 2021 and its goal is to contribute to the gradual 

reduction of carbon emissions in China and to the success of green and low-carbon 

development (ICAP, 2021b). This goal is reaffirmed by the country’s Nationally Determined 

Contribution (NDC) under the Paris Agreement, the 13th Five-Year Work Plan (FYP) for 

Greenhouse Gas Emission Control, and the President Xi Jinping’s announcement in 

September 2020 that China’ key mitigation targets is to include peaking carbon emissions 

before 2030 and achieving carbon neutrality by 2060 (ICAP, 2021b). The Chinese national 

ETS is estimated to cover more than four billion tCO2, accounting for 40% of national 

carbon emissions. The system’s scope is to be further expanded in the future (ICAP, 

2021b). 

 

Currently, the national ETS cap is adjusted ex-post based on actual production levels. The 

compliance obligations are limited to the level of free allocation as per benchmarks, plus 

 
6 Five cities started the pilot system in 2013 and 2014: Beijing, Shanghai, Tianjin, Chongqing and Shenzhen. With 
two more provinces joined right after the initial launch: Guangdong and Hubei. In 2016, an eighth pilot ETS was 
launched in the province of Fujian (ETS in China, 2021). 
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20% of their verified emissions (ICAP, 2021b). This means that no allowances must be 

surrendered for verified emissions above this threshold. China also faces the technical 

challenge of developing the registry and trading platform. No carbon price is available at 

this moment as the national ETS began actually operating in 2021. The existing Chinese 

regional ETS pilots are gradually transitioning into the national ETS (C. Wang et al., 2021). 

In the short term, the pilots continue to operate in parallel to the national market, covering 

the sectors and entities not included in the national market. In the long term, more sectors 

will be included in the national ETS, overlapping entities are expected to be integrated into 

the national market. More importantly, through the regional ETS pilots, this green 

approach strategy became a market based solution that reduced greenhouse gas 

emissions, reduced the need for high-carbon power such as coal, and encouraged the use 

of more solar and wind power (CCAP, 2014). This system is viewed as an efficient way to 

generate billions in government revenue and provide an incentive for industry and 

businesses to reduce their emissions more efficiently while keeping production costs down. 

 

2.1.6 Government procurement & purchasing (GPP) / Green 
Procurement 

Government procurement & purchasing (GPP) or the green procurement process is when 

the government acts as a “greening” agent and influencer in the market economy by 

participating in the market as purchaser while at the same time regulating it through the 

use of its purchasing power to advance social and environmental objectives (Ho et al., 

2010). Moreover, public authorities act as ‘leaders’ in the process of changes in 

consumption towards greener products. It involves the integration of environmental issues 

into purchasing decisions based on price, performance, and quality (Lacroix et al., 2010). 

GPP is a popular method adopted by the Organisation for Economic Co-operation and 

Development (OECD) countries such as Singapore, Korea, Denmark, and the United 

Kingdom that provide up-front capital grants or rebates for renewable energy installations 

or renewable projects funded by tax revenue (Geng & Doberstein, 2008). In OECD countries, 

green procurement ranges from 5% to 19 % of national GDP which shows that 

governments favor GPP policy as part of the environmental development goals (Geng & 

Doberstein, 2008). 

 

The pros and cons of the GPP or Green Procurement process varies. Government can enjoy 

the cost savings from reduced energy consumption, resource use, and material 

management. They also reap qualitative benefits such as improved image and achieving 
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policy/program objectives  (Lacroix et al., 2010). Other cost reduction may be due to lower 

waste management fees, lower hazardous material management fees, less time, and costs 

for reporting and easier compliance with environmental regulations. The cons of the GPP 

approach are that it offers fewer incentives for project performance and buy-in from 

suppliers will take persistent effort  (Lacroix et al., 2010). Some environmentally preferable 

products aren’t as readily available, or meet performance specifications, or may be too 

costly (OECD, 2014). There could be hidden costs as a result of miscalculations about the 

products being procured and how they are used and disposed of.  Lastly, other cons 

include lack of trained professionals who can discern and label green environmentally 

friendly products. GPP is a good mechanism, but it does not accelerate the reduction of 

gas emissions nor technological innovations as much as the Cap and Trade and Auctioning 

process.  

 

China enacted GPP with the Government Procurement Law of 2003 (Order No. 68), which 

obligates the government to prioritize environmentally friendly and resource-efficient 

products. GPP has become an accepted method for environmental advancement. In 2003, 

the government procurement in China reached 20 billion USD or 6.7 % of their national 

GDP; a drastic increase when compared to the 12 billion USD in procurement in 2002 

(Geng & Doberstein, 2008).  In OECD countries, public procurement ranges from 15~20% 

of the national GDP on public procurement, and in order to mitigate climate change, the 

share of green public procurement is increasing among developed countries, with the 

number being more than 20% in major EU countries, and 75% in the UK (Yeo et al., 2016). 

This law requires all government agencies to prioritize energy saving products in their 

procurement list. Globally, China holds the largest total number of products certified for 

GPP – more than 93,000 products in 44 categories. Key products and categories include 

office supplies, transport, and construction materials (Hasanbeigi et al., 2019). As of today, 

there are no quantitative GPP targets that have been established at the national level and 

no standardized protocol for evaluating and reporting on the success of the GPP program.  

The policy is looked favorably in China for several reasons: it helps to mitigate climate 

change, conserving energy, reducing hazardous substances, and protecting local 

environmental conditions. On the other hand, implementing GPP is not free of obstacles. 

There are many barriers that prevent GPP from fully functioning including lack of 

knowledge and awareness among government officials, limited budget, high cost of green 

products, and ambiguity in legal requirements (Vejaratnam et al., 2020; World Bank, 

2021). The impact of GPP cannot be recognized because a significant number of loopholes 

exist in the environmental legal system (Geng & Doberstein, 2008). For instance, there is 

no incentive for firms to comply with the GPP because the fines for operating illegally are 
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smaller than operating legally. Moreover, a wide application of GPP can be costly for the 

Chinese government and they are more concerned with cost cutting approaches. Other 

barriers to GPP in China include low environmental awareness of government procurement 

personnel and suppliers, the depreciation for GPP, and resistance from public officials in 

enforcing GPP performance indicators and guidelines. 

 

2.2 A Green Financial System 

Achieving deep decarbonization, engaging in large-scale investment in renewable 

investment from the private sector, and realizing sustainable development depends on a 

greening financial system. In China, around $20 trillion of green investment will be needed 

in the coming 30 years to achieve the dual carbon goal, including $3 trillion over 2021-

2030 and $17 trillion over 2031-2060 (CICC, 2022). The high investment needs 

accordingly require a robust green financial system to encourage, guide and support 

fundings into relevant green areas. China’s financial system is dominated by the banking 

system, which indicates the indispensable role played by finance sector reform in building 

a more comprehensive green financial system and achieving the climate goal (IISD, 2015a). 

Green investments are characterized with larger early investment (with associated lower 

operating costs) and slower returns than conventional investments. Thus, it was perceived 

as an investment with high risk, which prevented it from attracting the private sector. 

Although green investments bring the benefits into society, these benefits are not 

adequately internalized through pricing. Using public sector and fiscal support is a primary 

mechanism to support green investments. However, due to the large scale of investment 

needs, public funds are not sufficiently enough to fulfill the green investment needs. In 

China, public sources account for at least 51% of total green finance, with nearly 95% 

coming from Central SOEs, policy banks and other major state-owned banks. Also, green 

public-private partnerships (PPP) provides one-fifth of climate finance (CPI, 2021).  Thus, 

a green finance system, which relies on the market-based green finance channels from the 

private sector with structured government support can improve decision making and 

capital allocation.  

 

China has been laying great emphasis on the advancement of green finance and has issued 

a series of strategic guiding policies over years. In 2016, the People’s Bank of China (PBC) 

in conjunction with other seven ministries and commissions issued the “Guidelines for 

Establishing the Green Financial System”, which established the top-level structure of 
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China’s green financial system and stated Public-Private Partnership (PPP) model social 

capital as an important tool. In 2017, regions in five provinces were selected as pilot zones 

to explore institutions and mechanisms that can provide experience to promote the 

development of green finance. In the leading policy document of the “1+N” framework 

released after the pledge on the 30.60 carbon target in 2021, actively developing green 

finance and establishing green finance standards are repeatedly underlined. Based on this, 

PBC later framed the development direction of green finance development called “three 

functions” and “five pillars”, promoting the financial system to a greener way. In 2022, 

CBIRC issued the “Green Finance Guidelines for Banking and Insurance Sectors”', 

establishing a green finance organization, management, and coordination mechanism. 

More specific details on the policy framework of green finance are as follows.   

 

2.2.1. Green Credit 

In China, efforts on green credit can be dated back to 15 years ago when the State 

Environmental Protection Administration (SEPA), the China Banking Regulatory 

Commission (CBRC), and the People's Bank of China (PBOC) jointly issued the “Green 

Credit Policy” in 2007. This Policy aimed to support green development through offering 

green credits for environmentally friendly industries. Then in 2012, CBRC issued the 

“Green Credit Guidelines”, helping to define green credit more consistently, encouraging 

banking institutions to develop green credit and adopt stronger environmental and social 

risk management (Wen et al., 2021). Later, CBRC continuously promulgated the “Energy 

Efficiency Credit Guidelines” in 2015, further structuring a more comprehensive package 

of guidelines, regulations, and policies to deliver green credit service in the realm of green, 

recycling, and low-carbon (Hu et al., 2022). As of the end of 2021, the balance of green 

loans in China was $2.5 trillion, a year-on-year increase of 33%, ranking first in the world 

in terms of stock size (PBC, 2022). 

 

The policy structure on green credit helps enterprises’ green transformation, provides 

more funds for R&D and innovation, improves energy efficiency and business performance, 

and facilitates carbon emission performance (X. Liu et al., 2022). Yet, there are also 

problems existing in the existing green credit system including the lack of information 

sharing platform available for all sectors and departments, relatively vague text in the 

policy which loosens the constraints on information disclosure, the absence of harmonious 

implementation standards of green credit standard (X. Liu et al., 2022). Also, the regional 

and socioeconomic disparity in the benefits of green credit and insufficient supervision 
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over the capital flows, especially those of the heavily polluting companies are also 

challenges the green credit policy making needs to deal with (Hu et al., 2022; J. Zhang et 

al., 2022).  

 

2.2.2 Green Bond 

Officially, China joined the green bond market in late 2015. With its strong market potential, 

China has overtaken the rest of the world within a year, becoming the largest source of 

labeled green bonds (IISD, 2015b). During the period of 2016-2019, the green bond 

market in China gained tremendous growth. Up to 2020, the green bond market in China 

has achieved tremendous progress, where we see a steady annual growth rate, a more 

diversified issuer structure, and a decentralized trend (Climate Bonds Initiative, 2020). In 

2021, the government announced a new “Catalogue of Green Bond Support Projects” as 

the updating of the old version in 2020, which substantially promotes the integration of 

the green bond market, standardizes the evaluation criterion, and aligns with the 

international market (J. Chen et al., 2022). By the end of June in 2022, China’s green 

bonds stood at $167.4 billion, ranking the second in the world, demonstrating the rising 

attractiveness of China’s green finance market (Zhou, 2022).  

 

However, challenges to scaling China’s green bond market still exist. One challenge is 

rooted in the discrepancies between China’s local green bond guidelines and the 

international standard and guidelines. These discrepancies, particularly in the eligibility of 

the green bond projects and the use of proceeds, might prevent international investors 

from investing green bonds in China (Lin & Hong, 2022; M. Zhang et al., 2022); Another 

challenge comes from insufficient information disclosure. Information related to green 

bonds is not fully disclosed in China, laying barriers to detect and evaluate (Climate Bonds 

Initiative, 2020); the raised funds sometimes was not invested in the green industry totally 

because of due to the lack of monitoring and supervision (J. Chen et al., 2022). Therefore, 

providing detailed disclosure of the use of proceeds, the eligibility of green bond projects, 

and also the environmental impact of projects in a consistent and transparent fashion can 

ensure investors of the green credentials of the bonds. 

  

2.2.3 Green Insurance 

The advance of green insurance can be dated back to the “Guiding Opinions on 

Environmental Pollution Liability Insurance Work” issued in 2007, which indicated that 
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green insurance plays an inevitable role in environmental and social management (Q. Chen 

et al., 2022). In the Guidelines for Establishing the Green Financial System issued in 2016, 

developing green insurance to support environment protection and cope with disaster 

related to climate change is covered. According to the “Insurance Industry Focuses on 

Dual-carbon Goal Boosts Green Development Blue Book” released by the insurance 

association of China in 2021, China has integrated low-carbon transition into the insurance 

industry with increasing green investment and multiple insurance products across all 

sectors. Between 2018 to 2020, the insurance industry has provided $7 trillion green 

insurance protection for the whole society, and paid $8.2 billion in indemnity, effectively 

serving the role of risk protection (GFC, 2021).   

 

Green insurance has made great progress, gradually making the green insurance system 

more comprehensive to serve the needs of green investment. Yet, there is still a large gap 

between the current situation and the desired level of risk protections to facilitate green 

and low-carbon transition (HSBC, 2021). Recurrent issues over the course of constructing 

a green insurance system in China have been a lack of data, absence of standards 

specifically for green finance, and a talent shortage in this field (GFC, 2021).  

 

2.2.4. 30.60 Carbon Target and Green Finance: Opportunities and 

Challenges 

The 30.60 Carbon Target proposed in 2020 requires China to achieve carbon neutrality in 

40 years, which is half the time that developed countries take. Therefore, the government 

should actively engage in the financial sector and create supporting green finance policies 

to achieve the target. (Tong et al., 2022). In the State Council’s “Guiding Opinions on 

Accelerating the Establishment of a Sound Green, Low-Carbon Circular Economic System” 

released in 2021, promoting the financial system’s green transition was reiterated, which 

signals a great chance for green finance to develop and thrive (Lin & Hong, 2022).  

 

The 30.60 Carbon Target has brought substantial financial demands. The financial system 

is indispensable in resource allocation, stimulating investment in low-carbon projects, and 

directing more capital to green and low-carbon fields. Meanwhile, public funds need to 

perform in a market-oriented way with the support of green finance to guide more private 

capital to the low-carbon transition (Sun & Nian, 2022). For example, the adjustment of 

industrial structure required by the 30.60 Carbon Target will accelerate the development 
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of the green financial system. Scale development of the renewable energy industry, 

transition of traditional energy structure, and the innovation and promotion of emission 

reduction technologies require the financial system to guide capital flow and investment 

to green industry (Gu et al., 2021; Hu et al., 2022). Meanwhile, the low-carbon transition 

of enterprises also generates huge financial demands. Under the 30.60 Carbon Target, 

companies are required to reduce carbon emissions and achieve low-carbon 

transformation and green development. The green financial market not only provides 

financial support for the development of emission reduction technologies for enterprises, 

but also can offer regulation and supervision to the green and low-carbon financing 

behavior of enterprises (Han et al., 2022).  

 

However, China’s green finance embraces multiple challenges. Shortfall in green 

investment and financing, overinvestment in certain sectors due to specific incentives, and 

limited financial tools together leads to the mismatch between supply and demand in green 

investment (CICC, 2022). The domestic standard in green finance is still not unified enough, 

leading to a huge gap between the current domestic and international standards (X. Wang 

& Wang, 2021). The absence of precise mandatory regulation on information disclosure 

and unclear relationships among enterprises, financial institutions and regulators make it 

challenging to maintain a stable and effective green finance information disclosure system 

(Gu et al., 2021).  

 

2.2.5 Policy Implications 

After analyzing the current status, policy frame, opportunities and challenges of China’s 

green finance, here are some recommendations and suggestions for policy makers to 

promote the development of green finance.  

 

(1) Establishing clear, unified, and consistent green standards: 

A clearer and more consistent system of standards, aligning with international standards 

for green finance, should be built to establish the foundation for healthy and sustainable 

growth for green financial products and promote international cooperation (X. Wang & 

Wang, 2021). A third-party attestation institution should also be introduced to enhance 

reputation and acceptance by the market and attract corporate and investment attention  

(CICC, 2022).  
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(2) Enhancing information disclosure:  

It is necessary to improve the mandatory green-information disclosure and ease 

information asymmetry continuously (Yang et al., 2022). The government should build a 

data sharing platform and set specific departments to organize unified statistics and data 

disclosure (X. Wang et al., 2021).  

 

(3) Promoting innovation on green financial tools: 

China should accelerate the innovative green financial products required by the ever-

growing financial market (Cui et al., 2020). Apart from traditional financial products such 

as green credit, green loans and green bonds, financial institutions and relevant 

departments should strengthen international cooperation and develop manifold green 

financial tools like sustainability-linked bonds, transition bonds, blue bonds, social bonds, 

and green supply chain financial products (GFC, 2021).  

 

(4) Transferring policy motivation to market motivation: 

The scale development of the green finance market requires more active market behaviors. 

Existing green finance policies support the development of green finance by providing 

facilitation measures, financial incentives, and risk sharing (Climate Bonds Initiative, 

2022). However, current policies are weak in providing long-term momentum for green 

finance and sustaining a stable market supply. Policy design should help investment 

institutions and financial market participants benefit from green finance and reduce costs 

to promote the healthy development of green finance and transfer policy motivation to 

market motivation (Cui et al., 2020). 

 

(5) Laying special emphasis on regional level policies: 

The local green finance policy frame, the effectiveness of policies, and benefits from the 

green finance vary substantially by region in China (Guo et al., 2022; X. Liu et al., 2022). 

To attract funds and stimulate environmental investment in local green development, the 

regional governments should implement green financial policies more actively, take 

differentiated monetary and financial policies, and scientifically set the intensity of green 

regulation as well as marketization level according to local conditions (Guo et al., 2022). 

Some regions with lower levels of green finance growth should improve the infrastructure 

construction, update the industrial structure, shorten the economic gap, and learn from 

the successful experience of other regions (Lv et al., 2021). 
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In China, efforts on green finance can be traded back a decade. However, the green finance 

definition was officially adopted in 2016 in the Guidelines for Establishing the Green 

Financial System (the “Guidelines”) (IIGF and UN Environmental, 2017). The Guidelines 

set up the stage of implementation of rapid development in the green finance system.  

Green finance is manifested in forms such as green credit, green securities (innovations 

such as green bond) and green insurance, green investment bank, etc. 

 

Green bonds are recognized as low-carbon, climate-resilient investment opportunities by 

the United Nations. Since first entering the market in 2007, green bonds have seen strong 

growth, with green bond issuances reaching US$ 257.7 billion in 2019, a new global record. 

It is viewed as an innovative vehicle of green securities to access private sector capital. 

Officially, China joined the green bond market in late 2015. With its strong market potential, 

China has overtaken the rest of the world within a year, becoming the largest source of 

labeled green bonds (IISD, 2015b). Up to 2020, the green bond market in China achieved 

tremendous progress, where we see a steady annual growth rate7, a more diversified issuer 

structure8, and a decentralized trend9 .  

  

 
7 In 2019, China issued $55.8 billion green bonds, representing a 33% increase from 2018 (Climate Bonds Initiative, 
2020).  
8 There is a huge difference in the issuer types between 2016 and 2019. In 2016, Financial Corporates represented 
roughly 80% of the total volume of issuance, while in 2019, they only represented a third of the total volumes of 
issuance (Climate Bonds Initiative, 2020). 
9 2019 sees the first municipal green bond in China. It is a signal of local governments’ ambitions to address 
climate change (Climate Bonds Initiative, 2020). 
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