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Abstract

It was reported that the total installed capacity of photovoltaic power in China
has reached 43.5 GW [1] at the end of 2015. With the vast territory and ab-
undant solar energy resources in western part of China, more than 50 percent
of photovoltaic power stations and wind farms were built there. In recent
years, influenced by such factors as rapid growth in installed capacity of PV
power stations and wind farms, power generation districts far away from
power consumption load as well as its mismatch in transmission line, the
phenomenon of abandoning solar and wind power has already restricted se-
verely the normal operation of photovoltaic and wind power generation. It
has greatly reduced the enthusiasm of the investors and constructors for in-
vesting and building power stations. This paper, based on the status in quo of
power generation market and power supply in China, analyzes multi-aspect
reasons for the phenomenon of abandoning solar and wind power and dis-
cusses their solutions.
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1. Status of Power Supply in China

As of 2011, the total installed capacity of photovoltaic power in China only
reached 3.5 million kW. However, since China began to implement the National
12th Five-Year Plan for Economic and Social Development of the People’s Re-
public of China (2011-2015), the construction of photovoltaic power station was
in “fast traffic lane” and its growth rate has nearly doubled every year. Especially
in the first two years in implementing this plan, the growth rate arrived at about

150 percent. In 2015, China’s new installed capacity of photovoltaic power reached
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about 15 million kW, with year-on-year growth of 41.5 percent, accounting for
28.3 percent in global new installed capacity. China’s new installed capacity ranked
the first in three consecutive years around the world [2]. By the end of 2015, the
aggregate installed capacity of photovoltaic has amounted to 43.5 GW [3], and
the data were presented in Table 1.

Notable progress has been made in curbing environment pollution and re-
ducing greenhouse gas emission since photovoltaic power plants have been built.
China’s photovoltaic power generation reaches 39.2 billion kWh and it would
save or replace 15.68 million tons of standard coal, reduce 39 million tons of
carbon dioxide emission and 10.6 tons of carbon dust, if calculated by 0.4 kg of
standard coal consumption, 0.997 kg of carbon dioxide reduction and 0.272 kg
of carbon dust per kWh according to the benefit of power conservation and
emission reduction of coal-power generation [4]. China’s photovoltaic genera-
tion is expected to reach 200 billion kWh by 2020 and replace 80 million tons of
standard coal and reduce 199 million tons of carbon dioxide emission [5], which
created enormous economic and environmental benefits.

Over the past decade, owing to the strong demand for electricity with the
rapid economic growth in China, the photovoltaic industry gained rapid growth.
China’s power supply was less than demand and the gap in power supply was
relatively large. Especially, the shortage of electricity in many developed cities in
eastern China has led to power rationing when power consumption peaked dur-
ing which power outage in one or two days often occurred. Stimulated by the
strong domestic power demand, the installed capacity of solar power, wind
power and other renewable energies as well as conventional thermal power has
gained rapid growth. However, in recent years, China’s power supply exceeds
the demand because of the effects of the global financial crisis on China’s econ-
omy and China’s industrial restructuring in economy that is modified from
double-digit growth to a “new normal” development rate, which led to pheno-
menon of abandoning wind and solar power. This phenomenon began in 2011in

China and has become much more severe in many regions in recent years, due

Table 1. Statistics of China’s installed capacity and power generation in 2015 [9].

Total installed ~ Power generation ~ Ratio of power

Not:
capacity (GW) (Billion kWh) generation (%) o
Coal power 990 4097.2 73 /
2.3% hydropower 26.2
Hyd 31 1114.3 20
ydropower ? kWh abandoned
Nuclear power 26 120 2 /
18% wind power 33.9
Wind 105 186.3 3.3
ind power kWh abandoned
PV power 435 392 0.7 16% PV power 7.3
' . . .
P kWh abandoned,
Others 4.5 3 0.05 /
In total 1488 5560 / /
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to such factors as the intensified contradictions between the “grabbing mounted
surge” growth in constructing photovoltaic stations and installing of transmis-
sion line as well as the decline in demand of electricity. The restriction of solar
and wind power is being deteriorated in certain areas such as Guazhou County,
Gansu Province where the proportion of restriction on power supply has risen to
70 percent, up from 50 percent in 2014, and even to 80 percent [6].

Statistics provided by the National Energy Administration of China in 2015
showed that wind power generation reached 186.3 billion kWh, accounting for
3.3 percent of total power generation and that national average working hours of
wind generator reached 1728 hours, 172 hours down as compared to the pre-
vious year, and that the maximum duration of wind power was 2658 hours in
Fujian Province while minimum duration was 1184 hours in Gansu Province. In
2015, the situation of abandoning wind power and restricting its utilization was
deteriorated and the annual amount of wind power generation abandoned reached
33.9 billion kWh and this data was presented in Figure 3, attaining a year-on-
year growth of 21.3 billion kWh, with 15 percent of average rate of wind power
abandoned, an increase of 7 percentage points. The rate of wind power aban-
doned in such provinces as Inner Mongolia Autonomous Region is about 9.1
billion kWh and abandoned 18 percent, Gansu Province 8.2 billion kWh and 39
percent, Xinjiang Uygur Autonomous Region 7.1 billion kWh and 32 percent, Ji-
lin Province2.7 billion kWh and 32 percent [7].

In recent years, China’s clean energy has gained rapid development. The new
installed capacity of wind and photovoltaic power both ranked the first in the
world. By the end of 2015, China’s total installed capacity of coal power, hydro,
wind and photovoltaic reached 990 GW, 319 GW, 105 GW and 43.5 GW [8] re-
spectively, and the data were presented in Table 1 and Figure 1. In 2015, the
power generation in China is up to 5560 kWh and the coal power is still the
main power resource which nearly amounts to 74 percent in China’s power gen-
eration, and the data was presented in Figure 2.

In 2015, the total amount of power generation of hydropower, wind and solar
power abandoned reached over 60 billion kWh of which the accumulative wind

power abandoned came to 33.9 billion kWh, just as the data was presented in

M Coal power

B Hydropower
M Nuclear power
B Wind power

B PVpower

M Others

Figure 1. Total installed capacity of electricity generator
in 2015 (1488 GW).
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Figure 2. Total power generation in 2015 (5560 billion kWh).

Figure 3. Currently, it is not so common for the phenomenon of abandoning
solar energy in China, whereas those regions such as Jiuquan, Gansu Province
and Golmud, Qinghai province were subjected to the most severe influence.
Even in part regions of China, the proportion of solar power generation aban-
doned has reached above 20 percent and sometime seven over 60 percent in
some districts. In most places, solar power station operates well. Of overview of
the whole situation, the average rate of solar power abandoned is about 16 per-
cent in China, but about 31 percent in Gansu Province and 26 percent in Xin-
jiang Uygur Autonomous Region. The total solar power generation abandoned
amounts to 7.3 billion kWh in China, and the data was presented in Figure 4.

After analysis, what causes this problem can be concluded as following as-
pects.

Firstly, it can boil down to the over-speed development of power industry and
overmuch of equipment installed for power generation. Encouraged by high-
speed of economic development and the shortage of power supply in last decade,
a large quantity of power stations has been built not only in western China
where the natural resources are rich, but also in eastern China, a developed area
but poor in natural resources compared with the former, where a lot of money
has been invested in building newly-increased conventional power plants to mi-
tigate the contradiction between local power supply and west-east power trans-
mission. In addition, the slowdown of recovery of global economy and China’s
economy entering a “new normal” stage with low developing speed, resulted in
slowdown in power demand and oversupply in power market, leading to the
overcapacity of installed capacity of power.

Secondly, the construction of grid transmission line cannot meet the needs of
development for renewable energies. China being vast territory, lots of renewa-
ble energy power stations are constructed in desert areas or Gobi that are far
from the cities of which industrial power consumption are large. In those areas,

the power cannot be consumed locally and the power transmission capacity
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Figure 3. Wind power generation & abandoned in 2015.
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Figure 4. PV power generation & abandoned in 2015.

cannot be qualified to the need because the speed of construction of long-dis-
tance power transmission line cannot keep pace with the construction of power
stations, which become the major factors which caused the phenomenon of ab-
andoning solar and wind power in certain regions such as the Hexi Corridor in
Gansu Province, Golmud in Qinghai Province and Dabancheng in Xinjiang Uygur
Autonomous Region.

Thirdly, owing to solar and wind power’s instability, the insufficiency in pow-
er peak regulation affects their roles in grid network. Although The Renewable
Energy Law in China stipulates that power enterprises should give priority to
power dispatching and guarantee purchase in full towards the power generated

by renewable energies, still the priority of power dispatching is restricted by the
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mechanism of both the original power operation and price rigidity, making it
hard to implement. In China’s power structure, coal thermal power is the main
form of electricity generation. The depth and speed of pitch peak regulation ca-
pability of thermal power are inferior to hydro and gas-fired generator. The cur-
rent peak regulation capability of China is far below the international level. Mas-
sive medium-sized and small coal-fired thermal power generators still adopt old
technical and operating mode, without making a upgrading to improve their
flexibility according to the new needs. Besides, their technological potentials have
not been fully exploited. China’s demand side response and swift peak shaving in
the power grid are under research and demonstration, whose function isn’t fully
displayed.

Fourthly, the flexibility of power regulation of power system is weak and the
flexibility cannot be fully implemented. Besides, the mechanism and the market
for consuming power generated by renewable energy have not been established.
The operation and dispatching of power mainly rely on the traditional planned
mode so that it cannot adapt to the development of renewable energy. The an-
nual operation hours of power plants in different grade are determined by an-
nual power generation plan. Sometimes, the administrative departments in charge
of economy even give quota to each power generating unit. Since the plan of
annual thermal power generation is the rigid one, the thermal power enterprise
together with the local governments are not willing to make room for other power
so that they have to limit the power generation of renewable energy. Such planned
mode cannot adapt to the volatility of renewable energy and its needs, so it can-
not guarantee their priority access to grid connection. In the future, with the
scale of hydropower, wind power and solar power expanding in southwest, north-
west, northeast, north area of China, the room of market consumption will

gradually become the biggest bottleneck for the development of renewable energy.

2. Status of China’s Renewable Energy Development

According to the 12th Five-Year Planon energy development, the proportion of
non-fossil energy consumption should arrive at 11.4 percent in primary energy
consumption, but the desired proportion has not been completed. At the end of
2014, the average annual growth of non-fossil energy consumption was only 0.45
percentage points, up 1.2 percent cumulatively, and only 43 percent of desired
target have been fulfilled. To fulfill the proportion of 15 percent of non-fossil
energy consumption in primary energy consumption by 2020, the average an-
nual growth should hit 0.7 percentage points during the period of the 13th Five-
Year Plan (2016-2020). Thus, to accelerate the development of hydropower, wind
power, solar power has become the main approaches to complete this target. In
China’s Strategic Planning for Energy Development (2014-2020), it is proposed
to vigorously develop renewable energy and the installed capacity of hydropower
will have reached about 350 million kW, wind power 200 million kW and pho-
tovoltaic power 100 million kW by the end of 2020.

According to data issued by National Energy Administration, in 2014, average
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operation hours of national power plants whose power generation is over 6000
kW are about 4286 hours, 235 hours down as compared to the previous year in
which thermal power operation hour are approximately 4706 hours, 314 hours
lower than a year earlier. The data is not only below the highest level of 5991
hours in 2004, but also below the average level of more than 5000 hours for pre-
vious three times. Between January and November of 2015, the accumulative
average operation hours of national power plants have dropped by 309 hours
and of thermal power equipment fell 314 hours from last year’s same period. The
data which is below 5000 hours of operation hours provided by thermal power
generating unit indicates the overcapacity of electricity under the traditional de-
velopment mode and the decline in power generation and its operating reve-
nues.

It also suggests that the competition in power generation market will be fur-
ther intensified and the market contradiction among solar, wind, hydropower
and thermal power will be deepened.

With the scale of the development and utilization of renewable energy en-
larged, renewable energy has changed from a supplement to fossil energy to the
alternative. Contradiction between conventional fossil energy and renewable
energy in aspects of project layout, market space, and transmission channels is
being intensified. The core contradiction of large-scale hydropower, wind power
and solar power in power consumption and grid connection has upgraded from
peak regulation to the competition in market room and power system restruc-
turing, which should be resolved by national electricity market and “Energy In-
ternet”.

In recent years, the restrictions towards solar and wind power in China have
become more and more serious. It is a great challenge for China to realize the
goal of the proportion of 15 percent of non-fossil energy consumption in pri-
mary energy consumption by 2020. With the current 105 GW wind power in-
stalled capacity and 43.5 GW photovoltaic installed capacity whose power gen-
eration amounts to 4% of total power generation, the phenomenon of abandon-
ing solar and wind power is so obvious and it will become more and more severe
by 2020 when the solar and wind power generation become double. Therefore,
to realize the desired target of renewable energy is a great challenge. What China
needs to do is to push forward the dispatching innovation in power operating
system in all-round way, to coordinate the construction of associated power net-
work, to release the flexibility of modulating power supply, to promote the pow-
er market-oriented reform and to improve the comprehensive management and
professional supervision in power system.

The solutions to the problems in detail are as follows.

1) The investment into power grid construction should be strengthened and
much attention should be attached into the main grid construction with high
voltage power line which should adapt to the needs of large-scale inter-regional
renewable energy transmission. In the planning, flexibility study and design of

power transmission for twelve lines across East China and West China, the mini-
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mum ratio of renewable energy in the overall power generation should be clearly
written. Besides, renewable energy should be prioritized in their practical appli-
cations and much attention should be paid to the role of clean energy in optimi-
zation in power structure.

2) The principle of the priority of grid-connected consumption of renewable
energy should be upheld. Compensation mechanism to assistant market service
should be established on the basis of flexible peak regulation capability and tech-
nical standards guiding by the scientific, open and transparent principles. The
trans-provincial compensation transaction should be expanded and the peak regu-
lation capacity of regular power should be explored through the market. It should
gradually open option to power consumption and explore the approaches to di-
rectly sale the power generated by renewable energy.

3) For power grid corporations, the profit evaluation index and mechanism
should be changed as soon as possible. The evaluation index of renewable energy
power consumption in the grid management area and applicable and practical
quota system of renewable energy power generation should be introduced. The
current management mode in power market which adopts the “beggar-my-
neighbor” policy and regards the province as the body should be broken so as to
explore the new transaction mode of tie-line. Efficient mechanism of interest
adjustment should be established by alternative power generation, compensation
of cascade hydropower stations and medium-or-long-term strategic cooperation
between power feeding and the power receiving part.

4) Grid-connected technology of clean energy and its consumption mechan-
ism should be established which can be used for seizing more market share for
power generation by renewable energy. Moreover, the pilot area for priority of
dispatching and consuming power generated by renewable energy should be es-
tablished and the preferential policies should be given in those areas that have
difficulty in consuming the clean energy.

5) The transformation and upgrading of energy and electricity grid system
shall be further promoted to speed up the development of smart gird, to estab-
lish a new type of functional structure in power system that can adapt to support
the development of renewable energy. Distributed power generation by renewa-
ble energy should be widely applied so as to improve the proportion of solar and
wind power generation, which makes it to be the main power resources. How-
ever, the proportion of conventional power such as coal-fired or gas-fired power,
being the power for peak regulation or even the auxiliary power, should be
dropped. The public welfare and service should be emphasized in the power sys-
tem.

6) A national open and trans-provincial energy internet and power transac-
tion market should be established. The market transaction mechanism should be
established, which will regard trans-provincial and inter-regional transaction
platforms as breakthrough and takes loosening control for price as precondition.
The main bodies of market such as power plants and electricity consumers in

those areas above mentioned should directly enter the transaction platform to
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bid freely, which will promote the inter-regional transaction in an orderly way.

7) It is necessary to follow the trend of power market and the requirements of
distributed power generation to eliminate the restrictions of market access and
to open the market of power-sold side. The monopoly for the purchase and
marketing in power market should be changed into freely purchasing and sell-
ing, and self-generation and self-consumption mode. The qualified main bodies
such as power plants and power consumers should have the privilege of invest-
ment, construction and operation into the distribution network. The mechanism
suitable to distributed power generation and micro-grid technology should be
established.

8) The auxiliary service and capacity price mechanism (referred to market
mechanism) should be introduced to facilitate conventional thermal power plants
into auxiliary service and capacity provider. With the proportion of new energy
power generation increasing, coal-fired power will gradually be used for peak
regulation and auxiliary power. Much effort should be made to establish multi
part system in electricity tariff, and to create capacity and auxiliary service mar-
ket mechanism in other forms. When the electricity price is fixed on the basis of
bid price and contract price, capacity price and auxiliary service price should be
introduced.

9) The mode of gird supervision and performance evaluation should be up-
graded. Orientation and obligations of power grid should be reformed to pro-
vide service in an open, fair and non-discriminatory way. The only responsibility
of power network enterprises is to transmit power instead of buying and selling
power. Their due incomes should be separated from revenues and expenditures

of generation enterprises and power consumers.

3. Conclusion

The problem of abandoning solar and wind power has become an important
factor that has severely restricted the normal operation of photovoltaic power
and wind power and has reduced the enthusiasm of its investors and construc-
tors. With vast desert areas and rich solar and wind resources, western China has
a huge potential to develop solar and wind energy. Undoubtedly, the develop-
ment of solar and wind energy in eastern China, the west-east electricity trans-
mission project and enhancing the capability of power peak regulation dis-
patching and transmission should be further strengthened in the future so that
the role of renewable energy can be upgraded from the supplementary to the al-
ternative. Much attention should be attached to promoting the development of
the local economy and formulating a preferential policy to encourage the con-

sumption of the renewable energy locally.
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