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Climate change and energy issues have become the prominent global challenge and a major concern of China.
China’s energy sector, which heavily relies on fossil energy, especially coal, is the largest contributor to China’s
carbon emissions. According to the International Energy Agency (IEA), China’s energy consumption accounts for
nearly 90% of China’s total CO, emissions in 2020. The carbon neutrality target poses a huge challenge to China’s
energy system, causing energy transition to be the key to the overall decarbonization of China’s economy and
society.

renewable energy power system carbon neutrality

| 1. Great Transition Urgency and Pressure

The energy transition is key to achieving carbon neutrality. Since nearly 90% of China’s greenhouse gas emissions
come from its energy sector W, the mitigation task for the energy sector is especially heavy. Before the carbon
peak and carbon neutral targets were proposed, the targets for renewable energy development were relatively
modest. As proposed in the 13th Five-Year Plan in 2016, the targets for the share of non-fossil energy consumption
were set at 15% in 2020 and 20% in 2030 [&. However, in October 2021, the “Carbon Peaking Action Plan before
2030” was issued by the State Council of China . It proposed that the proportion of non-fossil energy must reach
more than 20% in 2025. Now the 2030 target proposed in 13th Five-Year Plan has been brought forward to 2025.
The target share of wind and solar power generation in total power generation was set at 20.14%, an increase of
10.60 percentage points over 2020 8. During the 14th Five-Year Plan period, wind and solar power generation are
supposed to exceed the sum of the 10 years from 2010 to 2020, indicating a more aggressive growth than before.
The energy sector must realize a structural transformation to achieve carbon neutrality. It means that the energy
structure will shift from fossil-based to renewable-based . A renewable-dominated power sector is generally

viewed as the foundation and the most important technological tool in achieving the carbon neutrality target.

Under the carbon neutral scenario, most institutions and scholars predicted that the proportion of renewable energy
in primary energy would increase from about 10% in 2020 to about 70% in 2060. Figure 1 shows the prediction of
different scholars. Zhang et al. predicted that renewable energy will account for more than 65% in China’s 2060
primary consumption !, Zhang et al. calculated that under the 2030 carbon peak scenario, China’s renewable
energy will account for more than 68% of primary energy in 2050 [&: the China National Petroleum Corporation
(CNPC) predicts that by 2030 and 2060, China’'s renewable energy will account for 23.87% and 70.44%,

respectively . Researchers calculate the average of prediction data from these institutions and scholars. The
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results show that by 2030 and 2060, the proportion of renewable energy in the primary energy in China will reach
20% and 66%, respectively. To achieve a carbon peak, the share of China’s renewable energy in primary energy
needs to achieve a 10% growth in 10 years, which means a 1 percentage increase per year. Compared with the
task of peaking carbon, it is more difficult and urgent to achieve carbon neutrality. The share of renewable energy
needed to achieve carbon neutrality will increase by 60% over 40 years, which is a 1.5 percentage increase per
year. This implies faster and more aggressive growth between 2030 and 2060 than between 2020 and 2030. In
addition, such a high share of variable energy will pose serious challenges to China’s relevant infrastructure, such

as power transmission, power distribution, and energy storage.
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Figure 1. The predicted share of renewable energy in primary energy supply RIEIZIEI910]

Among all renewables, the large-scale development of wind and solar PV are the two most important contributors
to achieving carbon neutrality. According to data from the CNPC, as detailed in Figure 2, between 2030 and 2060,
the average annual increase in installed solar PV and wind power is expected to be 95 GW and 51 GW,
respectively, with most of them being built in the resource-rich regions, e.g., North and West China . The installed
solar PV and wind capacity are expected to reach 3810 GW and 2320 GW in 2060, 15 and 8 times more than in
2020, respectively. It is expected that the total wind and solar power generation will reach 11.2 trillion kwh in 2060,
accounting for 60.7% of total power generation. Since wind and solar PV are both strongly volatile energy sources.
Such rapid growth rates and large expansions in wind and solar energy would place a higher demand on the

flexibility of energy systems, the improvement of grid regulation capabilities, and the evolution of power markets.
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Figure 2. Predicted capacity and generation of China’s renewables: (a) solar PV; (b) wind; (¢) hydropower; (d) bio-

energy 4.

Compared with wind and solar PV, the growth of hydropower is supposed to be relatively stable and slow. Its
proportion of total electricity generation will gradually decrease in the future, from 16% in 2020 to 10% in 2060. For
hydropower, major attention will be paid to energy storage and peak shaving to support the construction of a smart

power system.

Biomass power generation has a special but important role. It can replace industrial coal-fired boilers and rural bulk
coal combustion, which will be the main scenario for biomass energy to facilitate decarbonization. From 2030, in
combination with carbon capture, utilization, and storage (CCUS) technology, biomass will serve as a negative
emission source for the energy system 1. |t is expected that power generation from biomass energy will reach

1100 TWh by 2050, achieving emission reductions of over 2000 Mt CO»e in an optimistic scenario.

It can be seen from the above that to achieve carbon neutrality, renewable energy bears great transition urgency
and pressure. A comprehensive technology strategy and policy support are the foundation for achieving these
goals. However, at this stage, it is difficult for China’s renewable energy to support the transformation goal in terms
of technology and policy system. There are still many challenges and difficulties in the technology foundation and
policy mechanism. Technically, it faces difficulties in consumption, instability in the industrial chain, high costs, and
demanding natural conditions. In terms of policy, due to the current transition from subsidy-driven to market-driven,

there is still a lack of corresponding market mechanisms and appropriate incentives.
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| 2. Consumption Challenges and Technology Flaws

The first and most important technology challenge facing China’s renewables is to promote renewable energy
consumption. It has attached great attention from the Chinese government and industry. In March 2021, the State
Grid Corporation of China released the “carbon peak, carbon neutral” action plan, improving the consumption of
renewable energy was said to be a crucial task 12 On 1 June 2022, the NDRC issued the 14th Five-year plan for
renewable energy development. The Plan set a target of 18% of non-hydro RPS in 2025, compared with 11.4% in
2020 (31 The challenges in consumption mainly come from two aspects. On the one hand, the volatility and
intermittency of renewable energy cause it to be difficult to connect to the grid and result in a low utilization rate 241,
Therefore, energy storage is required to reduce the abandonment of wind and solar energy. The current generation
cost of photovoltaic and wind power has already become remarkably competitive, but its utilization cost is still high,
mainly due to curtailment and additional costs. In 2020, wind power curtailment and solar power curtailment
reached 16.61 billion KWh and 5.26 billion kW, respectively. The curtailment rate of renewable energy in Xinjiang,
Qinghai, Tibet, Gansu, and other western regions even exceeds 10% 3!, Part of the renewables is either
abandoned or stored in the energy storage system, while the energy storage system can increase the cost of
renewables by 30-60% on average and even double for projects with high construction costs L6IL718 On the
other hand, China’s renewable energy-rich area is in the west, while the load center is in the east. Therefore,
energy storage and UHV transmission are needed to balance the uneven distribution of energy. For example, in
the first half of 2022, the newly installed renewable capacity in Northern and Western China accounted for 72.5%
(291 but the power consumption center lies in the coastal Eastern China 2921 The curtailment of renewable in
Southwest China is the most serious due to insufficient local consumption and limited grid dispatch capacity [22..
For example, the curtailment rate of Tibet remains at nearly 20%, ranking first in China [23l. This demands an
enhanced transmission network to balance energy supply and demand between the east and west of China, which
can further promote the consumption of renewable energy. Thus far, whether the power system has sufficient

“storage and adjustment” capacity is a key factor determining the consumption of renewable energy 241,

The second technology challenge comes from the industrial supply chain. The rapid development of renewable
energy has greatly increased the long-term demand for critical materials. Unlike traditional fossil energy power
generation, photovoltaics and wind turbines require more lithium, nickel, cobalt, manganese, and other metal
materials 22, China relies heavily on imports for these materials, which brings huge impact and uncertainty to the
industrial chain under the current international upheaval and epidemic 28271, The scale-up of renewable energy
and rapid technological iteration put forward higher requirements for parts and components process and raw
material attributes 28], In the future, technological innovation will be more difficult to bring down renewable energy

costs than in the past.

The third one is renewables’ low land-use efficiency and higher natural condition requirements. Wind energy and
solar energy are energy forms with low energy density. To replace fossil energy, more land areas need to be
occupied or affected. Taking a common 4 x 600 MW thermal power plant as an example, according to national
standards, its maximum required area is about 330 hectares, while the construction area of a wind farm of the

same scale is about 50 times that. A hydropower station normally has a more complex structure and occupies a
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larger area relative to wind and solar stations, it has higher requirements for natural conditions [22. Recent climate
change has threatened the reliability of the water supply, posing huge challenges to the hydropower project B9,
Additionally, the developed hydropower resource in China already accounts for 57% of the total exploitable value
(29)31](321[33] Fyrther development is hindered by many problems such as demanding transportation, difficult
construction, and huge capital investment. So, improving efficiency and fully utilizing renewables’ value has

become more and more important in the future.

| 3. Policy Challenges

In the past 10 years, China’s policies and incentives have dominated the development of renewable energy and
have achieved remarkable results in reducing curtailment rates and increasing installed capacity 24851 The
national wind curtailment rate has been reduced from more than 15% in 2017 to less than 5% in 2020 28], By the
end of 2021, the total installed capacity of wind power and PV connected to the grid totaled 670 million kW, nearly
90 times that of 2012. However, the Chinese government is under enormous fiscal pressure for this. It is estimated
that by the end of 2021, the accumulated arrears of renewable energy power generation subsidies will be around
RMB 400 billion 7.

China’s policy-driven renewable development needs to be transformed into market-driven development, which will
pose severe challenges to its growth. A well-structured policy mix plays a crucial role in promoting new installations
of renewable energy and mitigating the curtailment of renewable energy generation. While China’s current policy

infrastructure on the development of renewable energy is still well suited for the transformation.

First of all, the value of renewable energy in the electricity market has not been fully reflected. China’s current
electricity market is immature for adopting variable renewable energy. It is composed of medium- and long-term
electricity trading, a badly framed spot electricity market, and an imperfect auxiliary service market 28, Under such
an electricity market system, nearly all power suppliers’ revenue comes from electric energy trading. This not only
makes power suppliers unwilling to improve the peak regulating capacity and build peak regulating power units but

also discourages power suppliers with strong peak regulating capacity to provide full play to peak shaving ability.

Since the peak shaving capability of the power system is a key capability for the connection of renewables to the
grid. The inadequate market could reduce the space for renewable energy consumption in the grid. In addition, if
the scale of renewable energy increases exponentially, the current peak-shaving cost sharing may lead to a severe
loss of coal-fired power units and force them to suspend. This will further weaken the stability of the power supply.
In addition, green power supply is mainly concentrated in Northwestern China, while the major power demand is in
the eastern coastal region. Due to the space mismatch, it is very difficult to translocate green power across
provinces and regions, which makes it difficult for enterprises to meet their green power needs or pay high costs.
Moreover, the uncertain transaction timing, complicated process, complicated contract, and lack of willingness to
power delivery by the sending province affected by the assessment of the responsibility of renewable energy
electricity consumption have brought challenges to the inter-provincial green power transaction. Regarding the

GEC, the original goal of adopting GEC in China was to partially replace the subsidy scheme. However, for a GEC
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transaction, the associated subsidy is deducted from its market price. This would reduce energy suppliers’ desire to
apply and sell GEC 32, Renewable energy suppliers strive to bring the GEC price as close as possible to the

subsidy, resulting in an overall high price for GEC in China, which is also difficult for purchasers to accept.

In addition, the green certificate market has failed to form a price that fully reflects renewable energy’s
environmental benefits. It cannot have a significant impact on electricity market prices. The penalties for market
participants who do not meet the renewable energy consumption target are not strong. Another drawback is that
GEC is not connected to the emission trading system (ETS) “9. China’s national carbon emission trading market
was officially launched in July 2021. At present, the power generation industry has been included in the
implementation cycle of the national carbon emission market. China also requires key emitters in the
petrochemical, chemical, building materials, steel, nonferrous metals, papermaking, and civil aviation industries to
verify and submit their greenhouse gas emissions B4l However, in the current national accounting guidelines for
these eight industries, there is no clear regulation on how to reduce carbon emissions from the use of green power
(42 consequently, the emission reduction through the consumption of renewable energy cannot be reflected in the
accounting of greenhouse gas emissions. Due to the lack of a direct connection between the GEC market and the
carbon emission market, green power consumption cannot accurately reflect the company’s efforts to reduce
carbon emissions. It is challenging for green power usage to become the preferred solution for companies. The
majority of companies that purchase green certificates do so to increase their influence and brand’s social
standing. The intrinsic desire to actively engage in green certificate trades is insufficient. These flaws lead to the
weak market liquidity of GECs. For GEC buyers, the purchase of green certificates is voluntary and does not

provide substantial benefits to the business.
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