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and Agnes Abbey

Abstract

China has a huge undeveloped potential in the field of renewable energy and 
represents the highest nation in hydropower both in installation and generation 
worldwide with which contributes greatly in their energy supply and helps in elimina-
tion energy demand situation in the country to direct the energy system toward the 
area of sustainably, clean, and quality energy supply for its safety in the country. The 
manuscript discusses the current renewable energy systems in China, the potentials 
for various renewable energy sources, and way forward. It also discusses the expected 
state of renewable energy in the next four decades in China and the various strategic 
development techniques. The current renewable energy situations, both demand and 
supply situations, have been discussed. Summary of the approaches for new develop-
ment by the various energy sectors in the country as well as support of the govern-
ment in renewable energies has been analyzed.

Keywords: renewable energy, potential, energy consumption, hydropower, wind 
power, solar power

1. Introduction

With the advent of renewable energy and high investment risk, the main financial 
support areas of R & D activities for commercial applications are REPG [1], among 
the significant financial support for the Chinese government’s special funds for 
renewable energy, for the development of renewable energy-related activities, includ-
ing resource exploration, and the development of standards, as well as the develop-
ment of the project [2]. A small number of specific regulations were allotted for the 
special fund. For example, the Operation Views on Promoting the Development 
of Wind Power Generation Industry in 2006 was released by NDRC and MOF. It 
specified that the government would select several competent wind turbine and 
component manufacturers in which the R&D and testing of new products could be 
supported by the Renewable Energy Development Special Fund [3]. In the same way, 
appropriate laws and regulations also specified that the R&D of new products, as 
well as site industrialization of key technologies in the solar power industry, will be 
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supported by a portion of the special fund [4, 5]. In addition to the special funds for 
the development of renewable energy, the government of China has as well provided 
R&D funds for renewable energy through the following plans and programs, for 
example, The National Basic Research Program of China (“973” Program), The 
“Five-year Plans,” and The National Natural Science Fund and The National High 
Technology Research and Development Program of China (“863” Program), [6]. 
Similarly, Liu et al., on the other hand, have divided China’s current renewable energy 
policy into several categories, including development planning, industry guid-
ance and technical support, cost sharing, price incentives, legal responsibility, and 
 promotion [7].

2. China’s energy structure (supply and demand)

China’s energy demand is currently led by industrial sector, but there will be 
a drastic change in future. While total energy demand will remain as present in 
2050, the structure will change. There will be a rise in the transport and build-
ing sectors energy consumption, while the industrial sector consumption will 
be reduced. Based on the policy report, the final energy demand is expected to 
reach 3397 Mtce by the year 2050 [8]. This rising demand can be resolved through 
renewable sources. This is true for both scenarios; nevertheless, the electrification 
and share of renewable energy are great in the Below 2°C Scenario. Here, 54% of 
energy demand will be electrical energy in 2050 in the scenario compared to 37% in 
the Stated Policies Scenario. Industrial area fossil energy use is mainly substituted 
by electricity. China is on the path to a greener and more diversified energy supply. 
The higher dependence on coal is removed and substituted with nonfossil energy 
sources. In both scenarios, the energy demand will peak around 2030, and by 2050 
the Below 2°C Scenario will have an energy demand of 3202 Mtce [8]. Figure 1 
shows the main energy installed capacity and peak demand in China by regions. 
Figure 2(a, b) shows the final energy demand (Mtce) in 2050 in the two scenarios 
compared with today, by sector and fuel type. There was an increase in total 
energy production from 627.7 million tce to 3600 between 1978 and 2014, with the 
consumption also rising by 5.69 times during the same period, attainment of 4260 
million tce in 2014. Figure 3 shows China’s Primary Energy Consumption between 
2010 and 2016. Figure 4 compares the energy consumption by source in China 
between 2010 and 2016 [8].

Figure 1. 
The main energy installed capacity and peak demand in China by regions.
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As stated by Li Fulong, consumption of coal during the first half of 2017 was about 
1.83 billion metric tons making 59.8% of the total energy. There was a rise of 3% in 
natural gas and nonfossil fuels mix to 29%. Based on the energy sector’s 5-year plan 
for 2016–2020, China targets to bring down the country’s share of coal energy mix 
down to less than 58%. China’s total energy consumption is expected to reach 5 billion 
tons by 2020, bringing about an annual increase of approximately 2.5% between 2016 
and 2020. As stated by the plan, there will be an increase in the share of nonfossil 
fuels to over 15% with the share of natural gas also reaching 10% [9].

Figure 2. 
Final energy demand (Mtce) in 2050 in the two scenarios compared with today, by sector and fuel type.

Figure 3. 
China’s Primary Energy Consumption between 2010 and 2016. * Primary energy comprises commercially traded 
fuels, including modern renewables used to generate electricity. Notes: Oil consumption is measured in million 
tonnes; other fuels are measured in million tonnes of oil equivalent.
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3. Current situation of renewable energy resources in China

As stated by the 13th Five-Year Plan of China (between 2015 and 2020), energy 
from nonfossil was expected to constitute 15% of the entire main energy consump-
tion during 2020. Based on the statistics of China’s energy council, China’s national 
total electricity consumption as on October 2017 was 513.0 billion kWh, an increase 
of 5.0% over the same period in 2016. The primary industry consumption was 8.4 bil-
lion kWh of electricity, an increase of 3.6%; the secondary industry consumption also 
was 365 billion kWh of electricity, an increase of 3.0%; tertiary industry consump-
tion was 70.8 billion kWh of electricity, an increase of 12.4%; and urban and rural 
resident’s consumption was 68.8 billion kWh of electricity, an increase of 8.7%. All 
increased during the same time in 2016. The national installed capacity also reached 
1.67 billion kW, and thus, 6000 kW and over power plants, an increase of 7.3% com-
pared to 2016. Thus, hydropower was 300 million kW, thermal power was 1.08 billion 
kW, nuclear power was 35.82 million kW, and wind power was 160 million kW [10]. 
On the side of generation, the hydropower generation capacity reached 923.4 billion 
kWh within the first 10 months of 2017, an increase of 2.2% compared to the same 
time in 2016. Others like thermal power generation capacity reached 3799.3 billion 
kWh, an increase of 5.4%, nuclear power generation reached 203.6 billion kWh, an 
increase of 18.4, and wind power generating capacity reached 239.7 billion kilowatts, 
an increase of 25.3%. Figures 3 and 4 show the power production and installed 
capacity in the country as at the end of October 2017 with the year-on-year change in 
% [11] (Figures 5 and 6). Figure 7 shows Electricity Generation from Renewables in 
China by source, 2008–2015.

According to China’s electricity council, power system in China is still subjugated 
by coal; nevertheless, the 2016 additional installed capacity of solar power of 77 GW 
and wind power and solar power total of up to 149 GW brought about the higher 
portion of renewable installed capacity. Wind turbines generated 241 TWh of elec-
tricity in 2016, thus, an increase of 30% on that of 2015. Solar power generation also 
adds up by 72% with an increase in generation of 66TWh in 2016. Nuclear power sta-
tions also saw growth in 2016 compared to 2015 with a generation of additional 24% 
electricity reaching 213 TWh [13]. Figure 8 shows the installed power generating 
capacity in China together with the additions in 2016, while Figure 9 shows year-on-
year growth in power production as Figure 10 shows the energy generation mix in 
the country 2016.

Figure 4. 
China’s Primary Energy Consumption by fuel type between 2010 and 2016. * Primary energy comprises 
commercially traded fuels, including modern renewables used to generate electricity. Notes: Oil consumption is 
measured in million tonnes; other fuels are measured in million tonnes of oil equivalent.
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4. Renewable energy potential

China has a huge undeveloped potential in the field of renewable energy, and the 
government has recently been aware of these resources and begun to take steps to take 
advantage of that potential. A study has shown that the country will be able to meet 
the emerging new demand if all the targets set by the government are achieved as it 
will yield new renewable energy generation capacity of 362 GW [15].

4.1 Hydropower

China leads globally in the field of hydropower installment capacity and generation.  
The country in 2016 saw growth in its overall installed hydro capacity of about 
11.74 GW making a total of 330 GW [16]. China is the leading country of hydropower 
development in the world with the world’s leader in hydropower scale and project 
capacity development, with the largest hydropower station in the world’s situated 
along the Yangtze River. China had 117 GW of installed capacity in 2005 with the 
aforementioned of 300 GW by 2030. According to World Watch Institute, China has 
hydropower potential capacity of 500 GW [17]. The strong water resources in China 
are mainly in the western underdeveloped and along the east coast where electricity 
demand increases. Most of China’s water resources are in Sichuan, Tibet, and Yunnan, 
where the Yangtze River begin in Tibet and flows through Sichuan; the Pearl began 
in Yunnan [18]. China has greatly made a perfect use of the various most important 
channels in the country for hydroelectric development. Figure 3 shows The Three 

Figure 5. 
Power production from renewables in China 2017. *Thermal includes coal, gas, oil, and biomass.

Figure 6. 
Renewable energy installed capacity in China 2017. *Thermal includes coal, gas, oil, and biomass.
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Gorges Dam, while Figure 4 shows the largest hydroelectric plants in China with their 
generation and installed capacity (Figure 11) [19].

4.2 Wind

With hydropower, wind power has a great opportunity to become a major source 
of renewable energy in China. The Chinese government has developed a potential 
power generation capacity for the development of China’s wind power market, with 
its ability to increase its planned capacity by 2020 to generate 30 GW. China experi-
enced a significant increase in energy from the wind farm throughout the country. 
[20]. The wind power industry in China has succeeded in rapid growth due to gov-
ernment intervention. China is a world leader in wind power generation, with the 
largest installed capacity of any nation [21] and continued rapid growth in new wind 

Figure 9. 
Year-on-year growth in power production (TWh) [13].

Figure 7. 
Electricity Generation from Renewables in China by source, 2008–2015 (GWh) [12].

Figure 8. 
The installed power generating capacity in China together with the additions in 2016 in GW [13].
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facilities. [22]. In 2016, the country added 19.3 GW of wind power generation capac-
ity [23] reaching a total capacity of 149 GW, [12] with an electricity generation of 241 
TWh representing 4% of national total electricity consumption. China’s projection 
is to attain 250 GW of wind capacity by 2020 as part of government’s promise to 
produce 15% of all electricity from renewable resources. [24]. The status of the base 
has been included in the policy and market with the development of tax incentives. 
In 2004, the Commission carried out a “wind power concession” for a 20-year work 
cycle to lessen the in-grid wind power tariff through the establishment of wind farms 
with high capacity [25]. Prior to 2006, the Commission agreed to construction of 
five large wind farms, all of having no less than 100 (MW) capacity [25]. As shown 
Figure 12. When the law of renewable energy was put into effect in 2006, the grid 
company was obliged to sign a grid connection agreement with the wind power 
generating company and purchase the full amount of the wind power generated by it 
[25]. Table 1 shows wind power installed capacity (MW) and generation (GWh) in 
China 2007–2016.

4.3 Biomass power

Biomass is a multistep process of producing synthetic hydrocarbon fuels made 
from biomass that can be converted to both solid and liquid and gaseous fuels through 

Figure 10. 
China’s electricity mix in 2016 in TWh [14].

Figure 11. 
The Three Gorges Dam.
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chemical and biological processes [26]. Biomass is anticipated to contribute roughly 
between 15% and 50% of the world’s primary energy consumption by the year 2050 
[27]. Biomass in China is a larger energy source than most would think because of 
the huge rural population. Eighty percent of biomass energy is located in rural China 
with the principal source being crop residue [28]. Approximately 4 billion tons of 
crop residues and wood fuels are burnt using stoves in the western rural areas [29] 
The Chinese government is making great strides to develop rural renewable energy, 
because biomass is a good already established one, and they are considering further 
development and efficiency gains in the use of traditional biomass. The government 
has begun to promote the development of biomass energy to achieve multiple projects 
at the national level. They participated in the planting and reforestation program 
in Wuhan, Guangdong Province. Over the past 14 years, the region has grown to 
170.600 hectares with an increase in coverage from 31.5% to 49.4%, almost 20% of the 
increase in [29] and 62.8% increase in annual production capacity, and the increase 
can be repeated in other parts of the country. Due to the abundant domestic biomass 
resources, the biomass energy industry in China is rapidly developing [30].

4.4 Solar

China is leading globally in terms of solar PVs installation since 2013 and 
 leading the world’s largest market for both photovoltaics and solar thermal energy. 
It increased its total PV capacity to 77.4 GW [31] and was the first country to pass 
100 GW of cumulative installed PV capacity in 2017. [32] China currently has six 
factories that produce no less than 2 GW/year each of monocrystalline, polycrystal-
line, and noncrystalline photovoltaic cells. They comprise LDK Solar Co, Wuxi 
Suntech Solar Energy Co., Ltd. 50 MW/year of solar, Yunnan Semi-Conductor 
Parts Plant 2 MW/year of mono-crystalline cells, the Baoding Yingli Solar Energy 
Modules Plant, 6 MW/year of polycrystalline cells and modules, the Shanghai Jiaoda 
Guofei Solar Energy Battery Factory 1 MW/year of modules, and the Shanghai PV 
Science and Technology Co., Ltd. 5 MW/year of modules [32]. Figure 13 shows 
SolarGIS-Solar-map-China-Mainlands.

Some of the technologies used as solar collectors and photovoltaic modules 
include the following: Molten Salt Storage Technology, the process uses inorganic 

Figure 12. 
Small wind turbines and solar power panels as well as wind farm in China.
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2008 2009 2010 2011 2012 2013 2014 2015 2016

Capacity (MW) 12,200 16,000 31,100 62,700 75,000 91,424 114,763 129,700 149,000

Production (GWh) 3675 5710 14,800 26,900 44,622 74,100 103,000 134,900 153,400

Table 1. 
Wind power installed capacity (MW) and generation (GWh) in China 2007–2016[24].
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salts to transfer energy generated by solar PV systems into solar thermal using heat 
transfer fluid rather than oils as some storage system have; and Solar Panel with 
Built-In Battery: with this application, the rechargeable battery is built into the 
solar panel itself, rather than operating as two stand-alone systems. According to 
scientists, conjoining the two into one system could lower costs by 25% compared to 
existing products.

5. Perspectives of renewable energy development in China

Studies are currently being conducted on other renewable energy sources, such 
as energy marine current energy, wave energy, ocean thermal energy, and salinity 

Figure 13. 
SolarGIS-Solar-map-China-Mainlands.

Figure 14. 
Target for renewable energy generation by 2020 (GW).
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gradient energy, not forgetting tidal energy. Nevertheless, they are hardly ever being 
used for commercial power generation due to high cost, poor dependability, low 
efficacy, poor stability, and small size [33, 34]. The total accessible reserve of ocean 
energy resources in China is anticipated to be about 1000 GW with great potential 
for exploitation [35]. Figure 14 shows the Target for Renewable Energy Generation 
by 2020 and Table 2 also shows China’s New Policies Scenario Installed Capacity by 
Technology [36].

5.1 Switching to a cleaner source of power

A good distribution and policy support helps to make renewables cheaper, and 
solar PVs turn out to be the cheapest form of energy generation in China.

Installed low-carbon capacity, led by hydropower, wind, and solar PV, raises 
quickly and constitutes 60% of total capacity by 2040. Average solar PV projects in 
China become cheaper than both new and existing gas-fired power plants around 
2020 and cheaper than new coal-fired capacity and onshore wind by 2030 [37].

There was a rise of 1.3% in China’s energy consumption in 2016. Increase during 
these 2 years (2015 and 2016) has been the lowest aside 1997–1998. In spite of this, 
China continues to be the world’s largest growth market for energy within 16th suc-
cessive years. Renewable power (without hydro) increased by 14.1% in 2016, beneath 
the 10-year average, but the largest rise on record (53 Mtce). The wind gave over 
half of renewables growth, while solar energy contributed almost a third despite 
accounting for only 18% of the total [2]. According to China’s energy agency, the 
country will cultivate $361 billion into renewable power generation by 2020 which 
will create over 13 million jobs in the sector. This is containing in the National Energy 
Administration (NEA) blueprint document which outlines their agenda for national 
energy sector development throughout their 5-year 2016 to 2020 period. The NEA 
also mentions that renewable power installed capacity including wind, hydro, solar, 
and nuclear power will constitute about half of new electricity generation by 2020 
[38]. Figure 15 shows China’s Primary Energy Consumption by a source in the new 
portfolio (Figure 16).

Based on IRENA the global roadmap, renewable energy portion in China’s energy 
mix is anticipated to reach 17% by 2030 comparable to 13% in 2010. This analysis, 
however, displays that the country can convincingly achieve modern renewables to 
26%. China can save over USD 200 billion a year by 2030, helping in the improve-
ment of health and reducing CO2 emissions [39]. Under the high renewable energy 

Solar Wind Biomass Hydro Nuclear Gas Coal

2010 0 30 0 216 0 36 655

2016 77 149 0 332 34 67 945

2025 340 336 25 400 86 145 1061

2030 469 429 33 440 111 173 1089

2035 600 515 41 471 135 199 1096

2040 739 593 49 493 145 219 1087

Table 2. 
China’s new policies scenarioi capacity by technology (GW).
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penetration scenario, total power generation in China will be 15.2 trillion kWh in 
2050. This consist of 1038 kW coal, 466 kW natural gas, 649 kW nuclear, 2187 kW 
hydro, 5350 kW wind, and 4130 kW of solar. All these energy resources were in bil-
lions. This, therefore, constitutes total of 85.8% of renewable energy power genera-
tion and 91% of nonfossil energy [40].

Figure 15. 
Installed power generation capacity in China in the New Policies Scenario 2040 of a total of 3188GW.

Figure 16. 
China’s primary energy consumption.



13 T
h

e Sta
te of R

en
ew

able E
n

ergy in
 C

hin
a

 an
d

 W
ay Forw

ard
 in

 N
ew

 S
cen

ario P
olicies

D
O

I: h
ttp

://d
x.d

oi.org/10.5772/in
tech

op
en

.106492

Power generation capacity (GWe) 2020 2030 2050

G1 G2 G3 G4 G1 G2 G3 G4 G1 G2 G3 G4

Hydropower 310 340 370 350 403 430 453 400 440 510 530 530

Wind power 50 100 150 200 120 180 300 400 300 500 800 1000

Solar power 5 20 30 80 50 100 200 450 500 800 1000 1300

Geothermal power 0.08 0.08 0.08 0.5 0.5 0.5 0.5 5 1.5 1.5 1.5 50

Biomass power 15 20 30 30 20 20 20 35 10 10 10 35

Ocean power 0.04 0.04 0.04 0.1 1 1 1 1 10 10 10 10

Biogas 34.6 34.6 34.6 34.6 62.9 62.9 62.9 61 78.6 78.6 78.6 108

Biomass briquette 7.1 14.3 21.4 25 14.3 21.4 35.7 25 21.4 35.7 57.1 40

Geothermal 10.3 10.3 10.3 50 20.5 20.5 20.5 100 41 41 41 200

Ethanol/biodiesel 16.4 24.2 31.1 44.4 77.9 101.1 56.6 77.9 134.9 168.6 193

Total renewables (billion tce) 0.51 0.61 0.73 0.86 0.73 0.89 1.1 1.4 1.14 1.54 1.93 2.6

Total energy consumption (billion-tce) 4 4 4 4.6 4.5 4.5 4.5 5.5 5 5 5 5.8

Share of renewables (%) 12.7 15.3 18.2 18 16.3 19.8 24.4 25 22.8 30.8 38.5 45

a G1-G3 are quoted from [15].
b tce stands for a ton of standard coal equivalent. c China’s Energy Development Strategy Action Plan for 2014–2020 released on November 19, 2014.

Table 3. 
China’s renewable energy development goals by 2050a.



New Generation of Sustainable Smart Cities

14

6. China’s renewable energy goals by 2050

China has turned out to be the world leader in renewable energy and made a great 
investment. According to [41] report, China promised US$286 billion for the develop-
ment of renewable energy as well as US$376 billion for energy conservation projects 
in 2011–2015. According to [42] report, the total investment of the world in 2015 was 
US$286 billion with China contributing 102.9 billion in 2015 as the world’s largest 
investor in the renewable energy development. China hosted over 25% of the world’s 
non-hydro renewable capacity as at the end of 2015, being 63.1 and 117.0% higher 
than the United States and Germany, correspondingly [43]. In 2006, China enacted 
the Renewable Energy Law and Pricing Law that implemented tax reduction, finan-
cial support, subsidy policies, and measures for renewable energy applications. [37].

Summary of the renewable energy targets by the Research Committee of 
China has been tabulated in Table 3 (G1–G3) considering three cases comprising 
2020, 2030, and 2050. The high uptake scenario would be a challenge to achieve. 
Nevertheless, there is a possibility of achieving it in realistic for China to achieve 45% 
of their energy from renewables to increase the county’s total energy consumption of 
5.8 billion tce by 2050 (G4 in Table 3) [44].

7. Conclusions

This manuscript has discussed the various renewable resource potentials in China. 
It was revealed that hydroelectric power has the highest installed and development 
potential in the country with its development in most of the cities and provinces in the 
country. Other resources such as wind, solar, and biomass were also observed to have 
a great potential in the country which are yet to be developed. The various techniques 
to eliminate coal and fossil fuel use to overcome pollution and emission control by 
the government have also been discussed. This collaboration will continue to lead and 
guide the world toward further green development and make massive green supports 
for the welfare of people. The various Development Strategic Action Plan for and 
Instantaneous of renewable energy targets by the various Research Committees in the 
country have also been analyzed and suggested appropriate solutions for achievement.
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