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Abstract: The Chinese government has made a commitment to control carbon emissions, and the
deployment of renewable energy power generation is considered as an effective solution. In recent
years, great effort has been exerted to support the development of renewable energy in China. While,
due to fiscal pressures and changes in management policies, related subsidies are diminishing now
and energy users are asked to pay for the cost. Regulations about carbon cap and renewable energy
consumptions are issued to transfer the responsibility of consuming renewable energy and reducing
carbon emissions to energy consumers. A national carbon trading system is set up in China and
is under its growth stage. Therefore, this study lists the factors that should be considered by the
energy users, analyzes the levelized cost of electricity generated by renewable energy in four cities in
China, Beijing, Shanghai, Guangzhou, Wuhan, and compares the results with current carbon prices.
Based on the research, under the current status, it is still more cost-efficient for enterprises to buy
carbon credits than introduce renewable energies, and great differences among cities are shown due
to different natural conditions. Besides, with diminishing subsidies and development of the carbon
trading market, the carbon price will gradually reflect the actual value and carbon emission reduction
costs will become an important part of enterprise expenditure. In the long term, enterprises should
link more factors to carbon emissions, like social responsibility and brand image, instead of only
the cost.
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1. Introduction

The Paris Agreement aims at limiting the temperature increase to 1.5 ◦C above pre-industrial
levels [1]. While, worldwide carbon emissions still maintain a rapid growth trend. Based on the
publication from International Energy Agency (IEA), global energy-related carbon emissions had
increased from 20.5 Gt CO2 in 1990 to 33.2 Gt CO2 in 2018 [2]. Before the Industrial Revolution,
the global average annual concentration of CO2 was only around 280 ppm, and in 2018, it reached
407.4 ppm [3,4]. CO2 emissions in China in 2018 grew by 2.5% to 9.5 Gt, with a 4% fall in CO2 emissions
per Gross Domestic Product (GDP) [5]. India is another large contributor to CO2 emissions in the world.
The increasing population in India is creating more demand for energy. India’s annual CO2 emissions
would reach around 4.2–4.5 Gt in 2030, but per capita emissions will still be much lower than that in
China [6]. The good news is greenhouse gas (GHG) emissions from the European Union (EU) are on
a clear downward trend for over a decade [7]. Due to the increasing emissions, many countries are
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trying to improve energy structure and introducing new technologies and policies to control emissions
as much as possible.

The European Commission is a pioneer in carbon emissions control. The EU emissions trading
system (EU ETS) is the world’s first major carbon market and remains the biggest one [8]. The trading
system started to work in 2005, and by 2017, there had been a 22% reduction in emissions, compared with
1990, with 58% growth in economy over the same period [9]. Some studies have paid attention to
the impact of the introduction of EU ETS on enterprise development. Martin et al. summarized
the impacts of the EU ETS on regulated firms from three broadly defined impacts: CO2 emissions,
economic performance and competitiveness and innovation [10]. Based on their study, in economic
aspect, compared with non-ETS companies, EU ETS participants reported that they had a slightly
higher tendency to scale down their business in order to cope with future carbon pricing. Oestreich et al.
analyzed the relationship between carbon emissions and stock returns under the EU ETS [11].
They found that companies with high carbon emissions would face higher carbon risks and showed
higher expected returns. Now the program is in Phase 3, from 2013 to 2020. To meet the growing
energy demand and keep within the emission cap, the development of renewable energy seems a
promising strategy for countries in the EU. Due to different situations among countries, the shares
of renewable energy in total energy consumption also fluctuate greatly. The shares of energy from
renewable sources in Iceland and Norway were up to over 70% in 2017. In Luxembourg, this share
was only 6.38% at the same time. The average level of 28 countries in the EU is 17.51% [12].

In the U.S., in order to reduce carbon emissions, the scale of renewable energy is also expanding.
The average level of renewable energy consumption in total primary energy consumption in the U.S.
increased from 6.22% in 2005 to 11.38% in 2018 [13]. In 2018, around 18% power generation came from
renewable energy, and according to the Energy Information Administration (EIA), this proportion
may increase to 31% in 2050 in the Reference case [14]. California is a state with more aggressive
environmental policies. In California, an estimated 34% of electricity came from renewable sources
in 2018 [15]. In 2017, President Donald Trump decided to withdraw the U.S. from the Paris climate
agreement [16]. There will be more uncertainties for the future low-carbon development in the U.S.

In order to fulfill its commitment, the Chinese government has also introduced a series of
measures and policies to limit the energy use and carbon emissions. From the energy supply side,
national and local subsidies are applied to support the renewable energy development. Renewable
energy power plant builders and users can enjoy certain financial support. From the energy demand side,
Carbon Emission Trading System, Guarantee Mechanism of Renewable Energy Power Consumption,
and other consumption requirements are involved to support the low carbon development. The details
will be introduced in the later part.

As mentioned, the introduction of renewables is treated as an important way to reduce
carbon emissions, and countries are actively promoting the development of renewable energy.
Subsidy measures are usually used to stimulate related industries in the initial stage. In the long term,
the goals of national carbon reduction will inevitably be transferred to enterprises for implementation.
China’s relevant policies are currently in this transition. With more carbon emission restrictions,
energy users in China will face new opportunities and challenges. It is crucial for enterprises
(energy users) to know about what factors they need to consider in the carbon emission reduction
process and what is the most economical plan in the short term. In this area, previous research about
China is mainly divided into two aspects.

4 One focuses on the development trend of national policies, including the carbon trading system,
renewable energy development planning and fiscal support for renewable energy, etc. Weng et al.,
Lo, Liu et al., Zhang et al., and Zhao et al., reviewed the development of China’s carbon trading
market and introduced the status of China’s carbon trading market [17–22]. Some of them
provided policy recommendations based on analysis and some focused on the policies and
planning for renewables. Overall reviews of renewable energy subsidy policies are made by
Shen et al., and Zeng et al. [23,24]. Others paid attention to renewable energy incentive policies,
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and analyzed the opportunities and challenges for energy users [25–28]. They are all primarily
inclined to policy analysis; due to the changeable market, there have been many policy updates.

4 The other one focuses on the cost of power generated by renewables [29–31]. These studies only
took renewable energy policies into consideration and did not mentioned their impacts on other
respects, like carbon price.

Overall, previous studies are biased towards unilateral research, without considering the risks
faced by enterprises comprehensively, or the policies studies are outdated without applying to the
latest policies in China. Research should be conducted to provide a comprehensive analysis of the
opportunities and challenges faced by enterprises, the factors they should consider and the economy
of their choice under different carbon reduction pathways. In this study, we summarize China’s
current carbon emissions trading policies and policies related to the development of renewable energy,
based on which we analyze the factors and related costs that energy users need to consider to achieve
carbon emissions requirements.

China’s latest carbon reduction measures and policy requirements are introduced in the next
section. Current and short-term energy structures in China are included in the third part, and the
carbon intensity of electricity is calculated. Based on policies and regulations mentioned in previous
sectors, the fourth part takes manufacturing enterprises as an example and lists the factors, the risks and
challenges to be considered. Four cities in China, Beijing, Shanghai, Guangzhou and Wuhan, are chosen
as examples to analyze the differences among different local policies. Finally, conclusions are made
to summarize current situations for enterprises and provide some recommendations. The research
results can enable energy users to more comprehensively consider the pathway to achieve low-carbon
development in China.

2. Policy Review

2.1. Carbon Trading System

A carbon trading system is considered as a popular and efficient way to control carbon emissions
from the user side. The EU ETS was launched in 2005 [32]. It is the first, largest and most
prominent system for regulating carbon emissions and allocating them across European countries.
In Oct 2011, National Development and Reform Commission (NRDC) in China decided to introduce a
carbon market into China, and chose seven provinces/cities (hereinafter referred to as provinces) as
pilots, including Beijing, Tianjin, Shanghai, Chongqing, Hubei, Guangdong (except Shenzhen) and
Shenzhen [33]. Fujian voluntarily joined the carbon market in 2016. However, as shown in Table 1,
different provinces have different regulations about covered sectors [34–41]. Some of the provinces
take energy consumption or carbon emissions above a certain size as the criterion. While, other cities
only monitor and assess carbon emissions from certain industries or set different criteria for different
industries, like Shanghai and Guangdong. Over time, carbon markets in those pilot provinces are
covering a wider and wider range of industries and the standard emissions values for mandatory
assessments are getting lower and lower. Therefore, more enterprises are now becoming involved in
the carbon trading market.

The differences in policies lead to different difficulties in meeting the requirements, which makes
the carbon prices vary from province to province. Besides, because the carbon trading system in China
is still in its growth stage, the price of emission allowance fluctuates. At the end of 2017, the central
government announced the setup of the national carbon trading market. The power generation
industry was chosen as the pioneer. Power generation companies with annual emissions higher than
26,000 tons CO2,eq or with energy consumption higher than 10,000 tons of standard coal equivalent (tce)
will be compulsively involved. After one year for data collection and system construction, and another
year for simulated trading, the national market will include more participants.
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Table 1. The development of carbon trading system in China.

City/Province (Time) Covered Sectors

Kickoff
(2011.10)

National Development and Reform Commission
Notice on Carbon Emissions Trading Pilot Work

Shenzhen
(2013.06)

4 Annual emissions > 3000 t CO2,eq

4 Government office building with floor area > 10,000 m2, and large-scale
public building

4 Volunteers
4 Designated objects

Shanghai
(2013.11)

2013–2015

4 Industry area: annual emissions > 20,000 t CO2,eq

4 Non-industry area: annual emissions > 10,000 t CO2,eq

2013–2015

4 Industry area: annual emissions > 20,000 t CO2,eq

4 Non-industry area: annual emissions > 10,000 t CO2,eq

Beijing
(2013.11)

2013–2015

4 Annual emissions > 10,000 t CO2,eq

2016–2018

4 Annual emissions > 5000 t CO2,eq

Tianjin
(2013.12)

4 Key emission industries and civil building > 10,000 t CO2,eq

Guangdong
(2013.12)

2013–2015

4 Electricity, steel, petrochemical, cement: annual energy
consumption > 10,000 tce or annual emissions > 20,000t CO2,eq

2016

4 Electricity, steel, petrochemical, cement and aviation: annual energy
consumption > 10,000 tce or annual emissions > 20,000t CO2,eq

2017–2018

4 Electricity, cement, steel, petrochemical, paper and civil aviation:
annual energy consumption > 10,000 tce or annual
emission > 20,000t CO2,eq

Hubei
(2014.04)

2013–2015

4 Annual energy consumption > 60,000 tce
4 Volunteers

2016

4 Petrochemical, chemical, building materials, iron and steel, nonferrous,
paper and electricity: annual energy consumption > 10,000 tce

4 Others: annual energy consumption > 60,000 tce

2017

4 Annual energy consumption > 10,000 tce
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Table 1. Cont.

City/Province (Time) Covered Sectors

Fujian
(2014.04)

4 Annual energy consumption > 10,000 tce

Chongqing
(2014.06)

4 Annual emissions > 20,000 t CO2,eq

Kickoff
(2017.12)

National Development and Reform Commission
National Carbon Emission Trading Market Construction Plan (Power Industry)

2.2. Guarantee Mechanism of Renewable Energy Power Consumption

In addition to the carbon trading system, other regulations are also introduced by the government
in China to promote the use of renewable energy and restrict the carbon emissions. After three draft
versions, the official document of Guarantee Mechanism of Renewable Energy Power Consumption
was issued in 2019 by NRDC and National Energy Administration (NEA) [42]. According to the
regulation, the test assessment will be carried out on the relevant market participants in 2019.
Comprehensive monitoring and formal assessment will begin in 2020. Renewable energy utilization
will become a mandatory indicator at the provincial level in China. Details are shown in Figure 1.
The proportions of renewable energy and non-hydropower renewable energy consumption in total
will be supervised separately. Power sales and power users are asked to achieve the requirement. If the
company or province overfulfil the task to the incentive standards, the surplus energy consumption
will not be included in energy consumption assessments for the company or province. If they are
unable to meet the standards, two possible solutions are provided. The first one is purchasing from
other market participants who have extra the annual quota. The other is purchasing equal amount of
Renewable Energy Power Green Certificate to compensate the deficiency. If the subjects still cannot
achieve the target, they will be punished by the government and listed in the poor credit record.

Sustainability 2020, 12, x FOR PEER REVIEW 5 of 19 

In addition to the carbon trading system, other regulations are also introduced by the 

government in China to promote the use of renewable energy and restrict the carbon emissions. After 

three draft versions, the official document of Guarantee Mechanism of Renewable Energy Power 

Consumption was issued in 2019 by NRDC and National Energy Administration (NEA) [42]. 

According to the regulation, the test assessment will be carried out on the relevant market 

participants in 2019. Comprehensive monitoring and formal assessment will begin in 2020. 

Renewable energy utilization will become a mandatory indicator at the provincial level in China. 

Details are shown in Figure 1. The proportions of renewable energy and non-hydropower renewable 

energy consumption in total will be supervised separately. Power sales and power users are asked to 

achieve the requirement. If the company or province overfulfil the task to the incentive standards, 

the surplus energy consumption will not be included in energy consumption assessments for the 

company or province. If they are unable to meet the standards, two possible solutions are provided. 

The first one is purchasing from other market participants who have extra the annual quota. The 

other is purchasing equal amount of Renewable Energy Power Green Certificate to compensate the 

deficiency. If the subjects still cannot achieve the target, they will be punished by the government 

and listed in the poor credit record. 

Figure 2 shows the proportions of renewable energy power consumption and non-hydro 

renewable energy power consumption in total consumption at the provincial level [43,44]. The actual 

values in the past three years and the targets set by the government in the following two years are 

included. 

 For most of provinces, the ratios of renewable energy power consumption to total 

power consumption present increasing trend. However, for others, like 

Heilongjiang, Zhejiang, Hubei, Hunan, etc., due to the rapid growth of energy 

consumption, the newly added renewable power generation cannot meet the 

increase in electricity demand. Therefore, the ratio decreases. 

 Achieving the goals for 2019 and 2020 is not a big problem for some provinces. In 

2018, some provinces have already exceeded the targets for 2019, even for 2020. 

 Non-hydro renewable energy consumption shows a totally different situation. 

Almost for all provinces, the targets for the coming years are higher than the present 

values. Great efforts should be made in the coming years. 

 Though China’s energy demand has surged, and the proportions of (non-hydro) 

renewable power consumption in total power demand keep growing. 

 

Figure 1. Renewable energy quota system. 

Quota is determined according to the provincial region.

Proportion of renewable energy power
consumption

Proportion of non-hydro renewable
energy power consumption

Power sales:
• Power grid enterprises
• Independent power trading Ltd.
• Power trading Ltd. with 

distribution operation rights

Power users:
• Users who purchase electricity

through wholesale
• Users with self-owned power

plants

Renewable Energy Power Green Certificate

Bonus

• Incentive quota is determined by
exceeding some extent of binding quota.

• Excessive renewable energy power use is
not included in energy consumption
assessment.

Punishment

• Market participants who fail to complete
the rectification on time will be included
in poor credit record.

Figure 1. Renewable energy quota system.

Figure 2 shows the proportions of renewable energy power consumption and non-hydro renewable
energy power consumption in total consumption at the provincial level [43,44]. The actual values in
the past three years and the targets set by the government in the following two years are included.

• For most of provinces, the ratios of renewable energy power consumption to total power
consumption present increasing trend. However, for others, like Heilongjiang, Zhejiang, Hubei,
Hunan, etc., due to the rapid growth of energy consumption, the newly added renewable power
generation cannot meet the increase in electricity demand. Therefore, the ratio decreases.

• Achieving the goals for 2019 and 2020 is not a big problem for some provinces. In 2018,
some provinces have already exceeded the targets for 2019, even for 2020.
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• Non-hydro renewable energy consumption shows a totally different situation. Almost for all
provinces, the targets for the coming years are higher than the present values. Great efforts should
be made in the coming years.

• Though China’s energy demand has surged, and the proportions of (non-hydro) renewable power
consumption in total power demand keep growing.
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Figure 2. The development of renewable energy power generation. (a). Proportion of renewable energy
power consumption: actual situation in 2016/2017/2018 and target for 2019/2020. (b). Proportion of
renewable energy power consumption: actual situation in 2016/2017/2018 and target for 2019/2020.

2.3. Financial Support for Renewable Energy

Except for the check-up system, incentive policies are also applied in China to support the relevant
industries and technology applications. The first renewable energy subsidy policy was released in 2011.
Photovoltaic and wind power are the two most popular objects, and the subsidy amounts are shown in
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Figure 3 [24,45–47]. Because of different natural conditions, different regions enjoy different subsidy
policies. Places with worse natural conditions will enjoy higher subsidy amounts. Two pathways
are applied to allocate the incentives. The first one is feed-in tariff. The power grid company has
to purchase renewable generation at a certain price. The gap between renewable power price and
coal-fired power price will be balanced by the government. The other way is by directly providing
financial support for power generation. Power plants can receive a certain number of subsidies for
every kilowatt-hour of renewable energy produced. The differences in subsidy schemes are mainly
due to the fact that part of distributed renewable energy generation is used for self-sufficiency and
is not connected to the grid. If the power generation owners are qualified for subsidy, the subsidy
will last for 20 years for the program. With the technical progress and financial pressure on the
government, subsidies per unit of power generation are falling. Renewable power generation projects
with equal price to coal-fired power generation are encouraged. On the promise of ensuring electricity
consumption, priority is given to the construction of these projects. As a whole, financial support for
renewable generation will disappear soon.
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3. Energy Structure in China

Carbon intensity of the power grid also plays an important role in enterprise-level energy saving
and emission reduction. If the electricity from power grid can have lower carbon emission intensity,
under the constant power consumption scenario, the pressure from the user side will be reduced.
During the past two decades, the cumulative installed capacity of coal-fired power grew at a snail’s
pace, and that of renewable energy increased dramatically as shown in Figure 4 [48–51]. According to
the prediction from China Energy Outlook 2030, the installed capacity of coal-fired will even decrease
in 2030. In 2030, the power installed capacity of different energy sources will be significantly changed
compared with 2010. The carbon intensities of different energy sources of electricity generation in this
study are based on a literature review [52–59]. We assume there will be a small drop in carbon emissions
produced per unit of coal-fired power generation, from 1230.0 g-CO2/kWh in 2010, to 1136.7 g-CO2/kWh
in 2030, and carbon intensities of other electricity generation pathways will remain constant. Based on



Sustainability 2020, 12, 6498 8 of 19

the 13th Five-Year Plan for Electric Power Development in China, the line loss rate dropped from 6.53%
in 2010 to 6.64% in 2015 and will decline to 6.50% in 2020. We assume that it will drop to 6.40% in 2030.Sustainability 2020, 12, x FOR PEER REVIEW 8 of 19 
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Figure 4. Accumulated installed capacity of different energy types in China’s electric power industry.

Based on status quo, government planning and a literature review, the final results of carbon
intensity of the power grid in China are shown in Figure 5. The reduction in carbon intensity is mainly
attributed to the improvement of energy structure brought about by the introduction of more renewable
energy sources. Considering the cost of investment, it is impossible for coal-fired power plants to shut
down very quickly and on a very large scale. Therefore, the carbon intensity of electric power will not
decrease sharply in a short time. Power users still need to take some measures in their own ways if they
are asked to realize a higher carbon emissions reduction target. Based on our study, carbon intensity
of electricity consumption from power grid will fall to 856.7 g-CO2 in 2020 and 689.0 g-CO2 in 2030,
which is only 65% of that in 2010. Compared with previous research, the carbon intensity in this study
is a little bit higher [53–55,60–62]. This is because we consider the carbon intensity of the electricity at
the user end which includes the line losses, rather than the power generation end.
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4. Case Study

The last two sections summarized policies implemented by China governments to achieve
low-carbon development and policies related to China’s power structure. Enterprises, as power users,
will gradually assume the responsibility of carbon emission reduction. These policies are the basic
information that they need to know. The following section will provide a comprehensive analysis
of factors that energy users need to consider in response to policies and the cost comparison of
some options.

4.1. What Should Be Considered

As the ultimate executor of carbon reduction, enterprises need a comprehensive analysis of various
factors to make long-term analysis. As shown in Figure 6, the pressure and incentive measures from
the government are the basic driving force as mentioned in last section. Besides, social responsibility is
another crucial reason for enterprises to control carbon emissions and adopt approaches proactively. It is
not a quantitative indicator but indeed the responsibility of the company as part of social development.
The enterprises have to consider various factors to make the final decision. Cost is one of the most
essential ones. The enterprises need to compare the cost of carbon reduction and the penalty price.
The development strategy will also have an influence on the decision. The production planning will
determine the energy consumption, and indirectly affect emissions. The available renewable energy
resources to enterprises will depend on the location of plants. The social responsibility will also
encourage the enterprise to set up a green corporate or brand image. Therefore, there are driving
forces from government and society for energy consumers to think about carbon emission reduction.
The choice of the energy users will also be a decision that takes into account multiple factors.
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4.2. Solutions to Carbon Emissions

As mentioned in the policy review, the carbon emission cap and trading market will provide the
simplest solution in response to carbon emissions assessment. In China, not all industries and all
provinces are included in the scope of assessment. Therefore, the carbon price is relatively low. While,
the ultimate goal of the government is to reduce carbon emissions, not to impose fines. Energy users
should also think about other greener behaviors except for paying the penalty.

Introducing renewable energy into the production process of enterprises is an effective and
currently the most popular solution. Energy users have several options as shown in Figure 7.
Some choose to build renewable energy power plants by themselves. Though with a high initial
cost, the enterprise can enjoy free green electricity for a long period, around 20 to 25 years. Besides,
the national and local subsidies will directly be given to energy users. It is also an excellent way to show
off to the public with green factories. Distributed photovoltaic technology is currently the most popular
way, and distributed wind power plants are becoming attractive with continuing government financial
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support; roof rental is another plan. Enterprises usually have plenty of free roof space. The property
provides space and the energy company will be responsible for construction. The enterprise will be the
first choice for power sales generated from their property. In this way, energy supply can be guaranteed
and the price could be relatively stable. Electricity trading platforms and electricity dealers offer the
third solution. Energy users can purchase green electricity via these media. They can also sign memos
with power plants directly and the technology of long-distance power transmission makes it possible.
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Figure 7. The ways to introduce clean electricity.

In the long term, the energy users could also shift their plants to locations with plenty of renewables,
like the western region in China. Factory site selection will play an essential role in carbon emissions
of unit energy use. Besides, energy-saving solutions will be another choice, although it is a very
complicate case. There are big differences in energy-saving technologies and their potentials in different
industries; this is not included in this research.

It is quite difficult to get the prices if energy users choose to purchase electricity from partners.
Due to the data availability, we only compare the cost of introducing self-built and self-use distributed
photovoltaic technology and carbon prices in the following section. The methods mentioned in this
section still should be considered by the energy users as possible solutions to introduce green electricity
and reduce carbon emissions.

5. Cost Analysis of Renewable Energy

5.1. Basic Assumption

The economic analysis of renewable energy is a hot topic to evaluate the effectiveness of national
targets and supporting policies. It is also an essential part for enterprises to decide which solution
should be used to reduce carbon emissions. Many previous studies mentioned that the high cost was
the key restriction for renewable energy development [63–65]. Currently, only distributed photovoltaic
systems can be extensively applied to industry buildings to support self-use. Though dispersed
wind power has become an engaging topic, it still will take some time for large-scale promotions to
occur. Wind power plant construction has higher site and technical requirements than photovoltaic
power generation. Besides, the business mode for dispersed wind power is uncertain. The purchased
price of renewable energy from platforms and the contract price with power dealers are difficult to
obtain. Therefore, in this study, only the cost estimation of self-used distributed photovoltaic power is
determined to evaluate the cost of carbon emissions for enterprises and we compare it to carbon price.

Many studies have been performed to calculate the levelized cost or internal rate of return
of photovoltaic electricity [31,63,66–68]. Various variables are considered in different researches.
Investment cost (including equipment cost, installation cost, etc.), operation and maintenance (O&M)
cost, insurance, tax, loan and interest, installed capacity, utilization hours, efficiency of system, lifetime,
proportion of internal consumption, subsidy, inverter lifetime, power generation decay rate, discount
rate, roof rent and electricity sales price, all can have impacts on the final results [67,69]. Based on the



Sustainability 2020, 12, 6498 11 of 19

research of He et al., the equipment cost was related to cumulative research investment and cumulative
installed capacity, and was more sensitive to the former one [47].

The investment cost includes many details, like module cost, inverter cost, wiring cost, labor cost,
design fee, etc. Besides, the lifetime of a photovoltaic system is usually considered as 25 years, but of
an inverter is usually 10 years. The investment cost only includes initial cost, the replacement cost
of inverters will be contained in operation and maintenance cost. The assumptions of photovoltaic
investment cost in this study are shown in Figure 8 [31,47,67,69–75].
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Figure 8. Investment cost of photovoltaic assumption [31,47,67,69–75].

The investment cost of photovoltaic has experienced a significant drop during the past decade,
as shown in Figure 8, with the increase in cumulative capacity and research investment [47]. However,
various studies show different results. As for 2010, the data changes from 12.0 to 35.7 RMB/W in
China. Reviewing different results, the red rhombuses show the forecast in this study from 2016 to
2020. The O&M cost was mainly calculated by three methods: certain cost per capacity, certain cost
per power generation, or certain proportion of investment cost. Compared to the investment cost,
the O&M costs are relatively stable. Due to the accessibility of data in China, 0.11 RMB/W is used
in this study, as shown in Figure 9 [47,66,67,69–71,73,74]. The insurance fee is not a common cost
mentioned in previous studies; thus, it is not included in this study. As mentioned before, the lifetime
of an inverter is 10 years, so updates should be made twice during its life. The prices of inverters vary
from 0.5 to 2.8 RMB/W in different research. Considering the cost reduction caused by technological
advances, 0.75 RMB/W is used in this study. Loan proportion in initial investment and the interest of
loan are other important parts in photovoltaic construction. Based on the research of Yuan et al., 20% is
a reasonable proportion. Other basic assumptions used in this article are listed in Table 2. Cost of roof
rent is not included in this study. We assume that the property right of the roof and the power user are
unified. The price of electricity for industrial use in China is relatively stable, so we assume it keeps
constant. The average of peak- and low-hour electricity price is used in this study.

Considering the natural conditions and local fiscal policies, Beijing, Shanghai, Wuhan and
Guangzhou are the four cities chosen for case study in this paper.

As mentioned in the previous part, financial support plays a very important role in renewable
power generation. However, with technical progress and government financial pressure, the new-built
power generation infrastructure could hardly obtain central government subsidy any more. Thus,
in the assumption part, a national subsidy for distributed photovoltaic systems is included only for 2016
to 2018. Since 2019, there has been no financial support from central government. Local governments
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have various subsidy policies. In Beijing, from the beginning of 2015 to the end of 2019, a 5-year
bonus will be provided to power generation enterprises or individuals, with 0.3 RMB per kWh [76].
In Shanghai, different projects enjoy different subsidies. An amount of 0.25 RMB per kWh will be given
to the enterprises with distributed photovoltaic power plant and the subsidy will last five years [77].
In Guangzhou, in addition to a power generation subsidy of 0.15 RMB/kWh for at most 6 years,
there are also installed subsidies. The subsidy standard is 0.2 RMB/W. The maximum subsidy amount
for a single project is RMB 2 million. The subsidy time range is from 2016 to 2021 [78]. In Hubei,
the subsidy is set as 0.25 RMB per kWh for 5 years, but only for projects began before 2015 [79].
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Figure 9. Operation and maintenance (O&M) cost of photovoltaic assumption [47,66,67,69–71,73,74].

5.2. Analysis Results

Figure 10 shows the results of levelized cost of electricity (LCOE) generated from distributed
photovoltaic in these four cities in China. The great differences among cities are mainly caused by
various subsidy policies and natural conditions. Beijing is the city among these four with lowest result.
The cost in 2016 is 0.698 RMB/kWh. In 2017 and 2018, it is even more profitable for power users to
construct distributed photovoltaic systems, instead of purchase electricity from power grid companies,
no matter how much the carbon price is. Because the local government in Beijing only mentioned
the subsidy policy would continue to 2019, this study applies no local subsidy in 2020 for the Beijing
case. With diminishing national and local subsidy, the LCOE of distributed photovoltaic technology
in Beijing will gradually increase to 0.898 RMB/kWh in 2020, though with a decline in initial cost.
By contrast, Guangzhou is the worst case. In Guangzhou, the later a project is built, the shorter the
period it could get local subsidy. For example, if the project is constructed in 2016, it could get 6 years’
support and if it is constructed in 2020, there is only one year left for local subsidy. The best case of
LCOE in Guangzhou is still up at 1.018 RMB/kWh and in 2019, the cost can even reach 1.357 RMB/kWh,
much higher than that in other cities. Thus, the cost of carbon-saving is not cost-effective for energy
users. Shanghai and Wuhan exhibit similar results. There is no subsidy for distributed photovoltaic
projects any more in Wuhan compared with Shanghai, but the lighting condition is better in Wuhan.
When projects in Shanghai enjoy monetary support, they have advantages in terms of cost. However,
when these two cities are on the same starting line, totally without subsidies, good lighting conditions
make the cost of distributed photovoltaic power generation in Wuhan lower than that in Shanghai.
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Table 2. Table of basic data or assumptions [31,47,66,67,70,72,73].

Parameter Unit Value

Lifetime of system year 25

System degradation per year 0.5%

O&M cost RMB/W 0.75

Lifetime of inverter year 10

Inverter RMB/W 0.75

Loan proportion - 20%

Loan interest - 7%

Loan years year 5

Discount rate Per year 6.5%
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Annual electricity production

Beijing * kWh/kW/year 1349

Guangzhou * kWh/kW/year 902

Wuhan * kWh/kW/year 1198

Shanghai * kWh/kW/year 1176

Electricity price
(from power grid)

Beijing RMB/kWh 0.646

Guangzhou RMB/kWh 0.620

Wuhan RMB/kWh 0.645

Shanghai RMB/kWh 0.698

* National Renewable Energy Laboratory (NREL):

• Standard module type
• Fixed (roof mount) array type
• System losses: 14.08%
• Tilt: 20 degree
• Azimuth: 180 degree
• Inverter efficiency: 96%

* exhibits the data source and basic assumptions for “annual electricity production” in four specific areas.

Compared with local electricity price and carbon intensity, the carbon prices for distributed
photovoltaic systems in these four cities are obtained and also shown in Figure 10. The trend of the
results is very similar to that of the LCOE. Only when the carbon price in the market is higher than
the result can the owners benefit from it. Guangzhou is a city with the poorest sunshine conditions
among these four cities. Even with local subsidy, it still shows a relatively high cost for carbon saved by
power generated from distributed photovoltaic technology. Though with the diminishing of subsidies,
the costs surge suddenly. While, in Guangzhou and Shanghai, the cost of using power generated
by enterprise itself by distributed photovoltaic projects is still relatively high when compared with
actual carbon price (~20 RMB/t in Guangzhou and ~40 RMB/t in Shanghai). Thus, there is no need for
enterprises to build or invest in green power generation as for now. However, with the introduction of
Guarantee Mechanism of Renewable Energy Power Consumption, the power users are facing new
challenges and evaluations. They will be asked to introduce renewable power compulsively. The use of
renewable energy will be directly considered as an evaluation index instead of using carbon emissions.

Analyzing the results of LCOE and cost for carbon saving raises some important discussions.
First, subsidy plays a very important role in the cost of photovoltaic technology. The year 2018 is the
watershed for national subsidy. Without national subsidy, the costs of photovoltaics surge significantly.
Though local subsidy might continue, it would only be given for 5 years or even shorter, not long
enough for cost compensation. Second, though the impacts caused by local subsidy are not distinct,
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the disappeared local subsidy will also lift the LCOE. The results of Beijing in 2019 and 2020 are the
typical cases. The integration of dropping initial cost and local subsidy leads to a higher LCOE. Then,
the decrease in investment cost will cause lower LCOE but cannot compensate for the diminishing
subsidy. Without subsidies, the advantages of cities with better sunshine are gradually highlighted.
With local subsidy, the LCOE in Shanghai is lower. However, when subsidies are gone, Wuhan shows
better results. Last but not least, we find that when there is no subsidy, the cost of reducing carbon
emissions by introducing distributed photovoltaic power generation is far lower than the current
carbon price (no more than 100 RMB/t).Sustainability 2020, 12, x FOR PEER REVIEW 14 of 19 
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Figure 10. The levelized cost of electricity (LCOE) of distributed photovoltaic in cities in China
(unit: RMB/kWh).

6. Conclusions

In this part, we summarize the development trend of China’s low-carbon policies in the future
and the factors that energy users need to consider as participants in the future. According to China’s
carbon emission regulations, the government in China shows great determination in carbon emission
reduction. Pilot projects and consultation papers provide ample time for energy users to prepare
and make plans. The compulsory control and market means will be combined to achieve the goal of
peaking carbon emissions as soon as possible. The proportion of renewable energy consumption in
total will become an important assessment target for energy users. As for market, the carbon price in
different pilots varies a lot from around 15 RMB to 100 RMB, so the market mechanism needs to be
further optimized. The national carbon trading system is set up. Electricity industry has already been
included. It is expected that more industries will be included in this assessment, and the follow-up of
China’s carbon trading market will continue to accelerate. Finally, due to the financial pressure, it is
the general trend for central and local government to reduce subsidies for renewable energy power
generation. At the same time, in order to ensure that the energy structure improvement process will not
be affected, the mechanism for companies to bear carbon emission reduction costs will be increasingly
strengthened, which means users will pay for their own green development. As the most crucial part,
power generation companies will take the lead in facing reform. Low carbon intensity of electricity
will relieve the stress of energy users.
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As for the energy users or carbon emitters, they still will face stricter supervision. Enterprises
should have a comprehensive analysis to deal with the requirement of carbon emission reduction.

• Cost is an essential factor. The costs of introducing distributed photovoltaic power generation vary
a lot due to the natural conditions. Guangzhou in this case shows an unoptimistic result with poor
sunshine. The cost of renewable energy will still be high, especially with diminishing national
and local subsidies. The energy users will pay for the cost gap between coal-fired electricity and
renewable energy electricity, instead of the government.

• The carbon price in pilots is relatively low and cannot reflect the actual value. It is still more
cost-efficient for energy users to buy carbon credits or pay the penalty instead of introducing
renewable energy by themselves. Although the current carbon price is low, buying carbon
allowances is not a long-term solution. With diminishing subsidization, the users will gradually
be responsible for the cost. In the future, with a stricter cap, participants in carbon trading markets
may become competitive and the price will reflect the actual value. Therefore, the emitters may
face higher purchasing cost to reach the standard. Carbon emission reduction costs will become
an important part of enterprise expenditure. Enterprises should prepare in advance about how to
cut carbon emissions in the long term and try to find partners.

• The assessment results will be closely related to corporate credit and image. The energy consumers
should also think highly of their social responsibility. Enterprises with a lower proportion of
renewable energy consumption to total will be included in a poor credit record in the future.
Therefore, the carbon reduction is not only related to cost.

• In the long term, even future plant site selection will be related to the distribution of renewable
energy. As mentioned in the results part, the natural condition plays a crucial role in the cost.
The distribution of renewable energy resources may affect the geographical distribution of
enterprises in the future. Regions with plenty of sunshine or wind will have more advantages.
The carbon intensity of electricity in these regions will be lower. Therefore, energy consumers have
less pressure on renewable energy imports or carbon emissions. Even if the energy consumers
cannot meet the requirement, they can introduce more cost-efficient renewable energy into factories
to reduce carbon emissions.
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