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ABSTRACT

Energy storage technology is to achieve large-scale access to renewable energy sources; the key technology
for improving efficiency, safety and economy of power systems is also to increase the ratio of clean energy
to power generation, and effective means of promoting haze governance. By the end of 2015, the total
installed capacity of the global energy storage equipment was about 167 GW, about 2.9% of the world's
total installed power; the energy storage equipment in China is 22.8 GW, about 1.7% of the total installed
power of the country. By 2050, China's energy storage equipment will reach 200 GW; the market size will
reach more than 2 trillion RMB. The existing energy storage technologies include pumped storage,
compressed air energy storage, flywheel energy storage, superconducting storage, lead-acid batteries, lithium
batteries, sodium sulfur batteries, liquid flow batteries and super capacitors. Different energy storage
technologies are applicable to different applications and fields, depending on system power and discharge
time, the main application areas of energy storage technology can be divided into three parts: energy
management, power bridging and power quality management. Future energy storage market development
will focus on distributed energy storage, distributed photovoltaic PV + energy storage, Micro grid,
distribution network side and user side and other fields. In recent years, China's energy storage industry has
accelerated the pace of development in terms of project planning, policy support and capacity layout, in the
next few years, with the rapid development of renewable energy industry, the energy storage market will
also enjoy rapid growth. However, the energy storage industry in this country is still in the initial stage of
development, and it is mainly based on demonstration and application, the commercial application of energy
storage faces the high cost of storage and the imperfect market of power exchange. Energy storage
technology route is not mature, lack of energy storage, effective price and effective incentives are both
opportunities and challenges.

Keywords: energy storage technology, energy storage installation, application area, distributed energy
storage, renewable energy, commercialization

INTRODUCTION

Energy storage is the process of storing energy by means of a medium or device and releasing it when needed.
Energy storage technology is the key technology to solve the problems of large scale access of renewable energy
sources, abandonment of air and waste of light; It is an essential technology for the development of distributed
energy, smart grid and energy network; It is also an important support technology to solve the problems of
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conventional power peak shaving and valley filling, and to improve the conventional energy power generation and
transmission efficiency, safety and economy. Energy storage technology can improve the proportion of clean
energy power generation, and thus achieve clean and efficient use of fossil fuels, effectively reduce pollutant
emissions, haze and other environmental issues and improve the living environment will play a great role in its
promotion. At the same time, the development of energy storage technology is related to the development of many
important industries, such as energy, transportation and electricity, especially in today, energy depletion is
becoming more and more acute. Energy consumption imbalance between supply and demand, energy storage can
break through the traditional energy model, time and space constraints, its important role has become increasingly
prominent, and has become a strategic emerging industry in the major developed countries (Chen et al., 2009;
Energy Storage Council, 2002; Luo et al., 2015; Zhang et al., 2012; Ming et al., 2013). Here, China's energy resources
are large, but the energy structure is complex and has a certain particularity, the energy resources of the northwest
region are rich, but the demand is low, the population in the southeast is dense, the energy demand is large, and
the energy and the demand exist the regional dislocation (Northwest Institute of Surveying and Design Limited,
2014; Ma, 2014). The energy storage industry is the key to the transformation of energy structure and push hands
to speed up the development of energy storage industry, it is of great significance for promoting economic
development and building a healthy energy output and consumption system (Mi, 2014; International Energy
Agency, 2014). Based on the active distributed network security constraints, the market price guide, coordination
of DG (Distributed Generation), energy storage and load and other benefits are important means to promote the
utilization rate of Distributed Renewable Energy (Habib et al., 2017). At this stage, the community's understanding
and importance of energy storage technology and industry are gradually deepening, more and more professional
and commercial investors believe that the development of the energy storage industry is essential for the
development of all sectors of the national economy. At the same time, government departments also promote the
development of energy storage technology and industry through scientific and technological innovation and a
variety of incentives, through the deployment of a number of funding projects and demonstration projects, and
gradually cultivate and promote the commercial application of energy storage technology (Zhongguancun, 2012).

MAJOR ENERGY STORAGE TECHNOLOGY

The existing energy storage technologies include pumped storage, compressed air energy storage, flywheel
energy storage, superconducting storage, lead-acid batteries, lithium batteries, sodium sulfur batteries, liquid flow
batteries and super capacitors.

(1) The pumped storage power station sends water from the lower reservoir to the upper reservoir at the
trough of power consumption, Thus, the electric energy is converted into the potential energy of water to
be stored; when the electricity is used, the gravitational potential energy of the water drives the water turbine
to generate electricity.

(2) The principle of compressed air energy storage system is that the air is compressed in the air storage
chamber at the lowest point of power consumption, so that the energy can be stored into the internal
energy of the air; at the peak of the use of electricity, high pressure air is released from the storage chamber
to drive the turbine to generate electricity.

(3) Flywheel energy storage is to store energy in the form of rotational kinetic energy of the flywheel. When
charging, the flywheel is driven by the motor to rotate at full speed. When discharging, the same motor is
used as a generator, and the rotating flywheel drives the electric energy.

(4) Superconducting energy storage is the current into the ring inductance coil, because the ring inductance
coil made of superconducting material, so the current in the coil can achieve the purpose of energy storage
without loss of continuous circulation.

(5) The lead acid battery works by discharging electricity, lead two of the positive electrode reacts with sulfuric
acid to produce lead sulfate and water; the lead of the negative electrode reacts with sulfuric acid to produce
lead sulfate; When charging, the lead sulfate of the positive electrode is converted into two lead oxide, and
the lead sulfate of the negative lead is converted into lead.

(6) The lithium battery works by charging the lithium atom into lithium ions, the carbon is transferred through
the electrolyte and stored as a lithium atom after binding of the carbon electrode to the external electrons;
when discharging, the whole process is reversed.

(7) The positive and negative electrolytes in the flow battery are separated by an ion conducting membrane,
when the battery is working; the active material ions in the electrolyte change on the valence surface of the
inert electrode, and then complete the charge and discharge.

(8) When the sodium sulfur battery discharges, sodium ions pass through the electrolyte, and electrons flow
through the external circuit to generate voltage; when charging, the whole process reverses, and the sodium
polysulfide releases the sodium ion, which is reversed to the sodium through the electrolyte.
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Figure 1. Schematic Diagram of Main Energy Storage Technology

S

(9) The super capacitor is based on the double layer capacitance of the porous catbon electrode / electrolyte
interface, alternatively, a Quasi-capacitor based on a fast and reversible Faraday reaction on the surface of
a metal oxide or conductive polymer is used to achieve energy storage.
The principle of each kind of energy storage technology is shown in schematic Figure 1, and the main technical
parameters are compared with Table 1 (Chen et al., 2009; Energy Storage Council, 2002; Luo et al., 2015).

KEY TECHNOLOGIES AND DEVELOPMENT THREND OF ENERGY STORAGE

Different energy storage technologies have different concepts and principles, so their key scientific problems
and technical difficulties are different; Table 2 presents the key technologies and development trends of different
energy storage technologies. The maturity of various energy storage technologies in China is different, and they
are all at different stages of development (see Table 3) (Chen et al., 2009; Energy Storage Council, 2002; Luo et
al., 2015; Zhongguancun, 2012; Zhongguancun, 2013; Zhongguancun, 2014; Zhongguancun, 2015; Special report,
2010).

APPLICATION ANALYSIS OF ENERGY STORAGE TECHNOLOGY

Different energy storage technologies have different performance characteristics, and are suitable for different
applications and fields. In the energy storage planning report issued by the US Department of energy, according
to the system power and discharge time of different energy storage technologies, the applicable areas of energy
storage technology are analyzed. The main application areas of energy storage technology can be divided into three
parts: energy management, power bridging and power quality management, as shown in Figure 2, (The U.S.
Department of Energy, 2011). Among them, pumped storage and compressed air energy storage are recognized
as energy storage technologies which can be applied to large scale (class 10MW or above) and can be applied to
the power grid side to replace the expensive peak shaving power, so as to achieve the purpose of energy
management. At the same time, some storage technologies have some potential in other applications of power
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Figure 1 (continued). Schematic Diagram of Main Energy Storage Technology

grid, such as lead-acid batteries, lithium batteries, liquid flow batteries, sodium sulfur batteries and high-energy
super capacitors and other chemical energy storage technologies. The power range of the system is usually from 1
kW to 10MW, and the discharge time is mostly minutes, so it is mainly used in the field of power grid, such as
short time power system peaking and energy scheduling. The flywheel, super capacitor and superconducting energy
storage technology have fast response, and the system power and discharge time are smaller. These are very flexible,
generally used in the field of power quality management, such as ancillary services and voltage support. In, Control
Strategy of DC Link Voltage Flywheel Energy Storage for Non Grid Connected Wind Turbines Based on Fuzzy
Control, When Ve <Veref, the angular velocity of the flywheel rotor decreases, and the flywheel motor is used as
the generator. The flywheel energy storage system converts the mechanical energy into electrical energy, and the
DC bus capacitor is provided to improve the DC bus voltage. When Vae >Vacref , the angular speed of the flywheel
rotor rises and the flywheel motor acts as the motor. The flywheel energy storage system absorbs excess energy
from the intermediate bus capacitor, convert into mechanical energy, and stored in the flywheel rotor (Habib et
al,, 2017).

Specifically, the energy storage technology has different applications in all aspects of power transmission,
distribution and application, as shown in Table 4, (Chen et al, 2009; Energy Storage Council, 2002;
Zhongguancun, 2012; Zhongguancun, 2013). In the power generation side, the traditional power generation field
can perform auxiliary dynamic operation to replace or delay the new unit; In the field of renewable energy power
generation, it is mainly used for peak shaving, valley filling, tracking project output and ramp rate control; The
main applications in the field of power transmission and distribution include reactive power support, link blocking,
delayed expansion of power transmission and distribution, as well as DC power supply for substations; Mainly
used in the field of power grid ancillary services including frequency, voltage, peak and support as a spare capacity;
at the same time, the energy storage technology can be used for time-sharing price and capacity cost management
at the user side, improve power reliability and power quality, as well.
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Table 1. Comparison of Main Energy Storage Technical Parameters
Energy storage

Energy storage Storage Full power R . . NTeT Power cost Energy cost/
technolo Scale/ MW evele response time Efficiency% den51tv1[(W h)-L” Life/a / sl (Wb
|
Hours to .
Pumped storage 100~5000 B Minute level 70~80 0.2~2 40~60 4500~5500 1000~1500
Compressed air 1~300 Mr;“(t‘;‘;fo Minute level 60~70 3~100 30~40 6500~7000 1500~2500
Free wheel 0.1~10 Seconds . illisecond 80~95 20~80 5~20 1700~2000 ~45500
to minutes
Superconductivity 0~1 Seconds  Millisecond level 90~97 ~6 >20 6500~7000 ~90000
Lead acid battery 0.1~20 Ml’;‘;t\f’: " Millisecond scale 65~80 50~80 5~8 500~1000 800~1300
Lithium battery 0.1~32 Ml’;‘;t\f’: " Millisecond scale 85~98 200~400 8~10 3200~9000 1600~4500
- Hours to o _
Liquid flow cell 0.1~500 e Millisecond scale 65~75 20~70 5~15 12500~19500  2500~3500
Sodium sulfur 0.1~50 Seconds  y i econd scale 70~80 150~300 ~15 13200~13800  2200~4000
battery to hours
Ultra capacitor 0~1 Seconds _ Millisecond level 60~90 10~20 ~15 400~500 9500~13500

DEVELOPMENT STATUS AND DEVELOPMENT TREND OF ENERGY STORAGE
INDUSTRY

China's energy storage industry is still in the initial stage of development, mainly in demonstration and
application, and there is still a gap compared with the industrialization process of developed countries. By the end
of 2015, the total installed capacity of the global energy storage equipment was about 167GW, accounting for
about 2.9% of the total power installed capacity of the world. The energy storage equipment in China was 22.8GW,
accounting for about 1.7% of the total installed capacity of the whole country. According to the International
Energy Agency (IEA), by 2050 it is expected that the global energy storage capacity will reach more than 800GW,
and China's energy storage capacity will reach 200GW by 2050, and the market scale will reach more than 2 trillion
yuan. The demand for energy storage in China is huge and urgent.

In the field of physical energy storage, pumped storage and compressed air energy storage are the two fastest
growing energy storage technologies. Pumped storage is the largest energy storage technology in the world,
accounting for 98% of the total energy storage capacity of the world, and Japan, China and the United States are
among the top three in the world (Zhang et al., 2010; Rosasa et al., 2013; Xiaohui et al., 2013). The size of pumped
storage unit has reached 300MW, and it is the most mature energy storage technology. Compressed air energy
storage has now been used in large-scale commercial applications in Germany (Huntorf, 321MW) and the United
States (Mclntosh, 110MW, Ohio, 9%X300MW, Texas, 4X135MW and Iowa 200MW projects) (Chen et al., 2009;
Luo et al,, 2015; Critigino et al., 2001; Nakhamkin et al., 1990; Liu et al., 2007). In the new type of compressed air
energy storage, only the International Academy of Sciences Institute of Engineering Thermophysics (1.5MW,
compressed air energy storage, 10MW advanced compressed air energy storage), American General Compression
Corporation (2MW regenerative compressed air energy storage), American SutainX Corporation (1.5MW
isothermal compressed air energy storage), And the British High view Power company (Megawatt liquid air energy
storage) 4 institutions with megawatt production design capabilities. Energiestro has recently invented a fly wheel
energy storage with much low cost material (Chino et al., 2000; Chen et al., 2008; Chen et al., 2012; Guo et al,,
2016). In the China’s R & D and industrialization of compressed air energy storage technology, the Institute of
Engineering Thermophysics in China is absolutely in the lead. The Institute completed the first international
1.5MW demonstration system in 2013, and realized industrialization. In 2016, it built the only 10MW research and
development platform in the world. At the same time, also approved the construction of national energy large-
scale physical energy storage technology research and development center, the relevant results won the first prize
in Beijing science and technology award, United Nations Industrial Development Organization, global renewable
energy sectot, the most valuable investment in leading technology, "Blue sky Award" and so on.

In the field of chemical energy storage, lead acid battery has the advantages of early molding and low material
cost, is by far the most matute chemical battery, as of 2015, the world's energy storage capacity of lead-acid batteties
reached 111.1MW. China is the leading producer and country of lead-acid batteries (Wang, 2014). Lithium battery
has become the most competitive chemical energy storage technology in the world, and has developed rapidly in
recent years, from 2013~2015 years, the global installed capacity of lithium batteries doubled, is the fastest growing
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Table 2. Key Technologies and Development Trend of Energy Storage

Energy Storage

Key Technology

Technology Development Trend

Technology

(1) Site selection technology of Large Pumped Storage (1) Advanced design technology of fluid machinery and whole machine

Power station; manufacturing technology of pumped storage power station;
Pumped energy (2) High dam engineering technology; (2) key technologies such as excavation a'nd support gf high d;L'n'q and super large
storage underground cavern group under complicated geological conditions;

(3) High water head, large capacity water pump, water

turbine and generator motor technique;

(3) Domestic production of high efficiency and high parameter pumped storage

units;

(4) Intelligent scheduling and operation control technology

Compressed air
energy storage

(1) Efficient compressor technology;

(1) Wide load multi-stage combined compressor technology;

(2) Expander technology;

(2) High load axial expander technology;

(3) Combustion chamber technology;

(3) Large capacity compact tegenerative heat exchanger technology;

(4) Heat storage technology;

(4) Integration and control technology of advanced compressed air energy storage
system

(5) Gas storage technology;
(6) System integration and control technology

(1) To improve the energy density of composite materials (1) The new flywheel energy storage system based on axial flux permanent magnet

technology; motor;
Flywheel energy  (2) Magnetic bearing technology; (2) Research on coordinated operation control technology of energy storage array
storage and large generator set;

(3) Large capacity flywheel energy storage array technology (3) Coupling control technology of large capacity flywheel energy storage system in

different power systems

(1) High temperature superconducting material technology (1) Stabilization technology of large and medium superconducting magnet;

and temperatute zone control technology;
Superconducting  (2) Low temperature refrigeration technology; (2) Design, processing and manufacturing technology of low temperature and high

magnetic energy
storage

voltage insulation materials;

(3) Superconducting current limiting technology;

(3) topology and control strategy of large capacity power converter;

(4) Power conversion adjustment technology;

(4) High efficiency cryogenic refrigeration technology;

(5) System dynamic monitoring technology

(5) Intelligent on-line monitoring technology

Lead acid battery

(1) Positive and negative pole and gate plate material
technology;

(1) Preparation technology of grid plate alloy;

(2) Utlization ratio of active matertials;

(2) Positive and negative pole and clapboard material and structure technology;

(3) Consistency between cell monomers;

(3) Battery sealing and maintenance free technology;

(4) Lead substitution technology;

(4) Battery charge management and temperature control technology;

(5) A new generation of VRILA battery technology

(5) Low resistance and high reliability lead carbon battery clectrode plate preparation
technology

(1) Reliability and consistency of battery pack;

(1) Overall design technology of battery system;

(2) High energy density and high power density lithium

battery scale production technology;

(2) Battery system integration and group technology;

(3) High performance positive and negative materials and

(3) Battery test technology;

Lithium battery the preparation of safe electrolyte
(4) Synthesis of electrode materials with high capacity and good cycle stability;
(5) Optimization technique of electrochemical system;
(6) Power management and thermal management technology
(1) High stability electrolyte prepatation technology; (1) Large scale, high performance and low cost non fluorine ion conducting
membrane scale preparation process and batch chemical production Technology
(2) High selectivity low cost ion exchange membrane
Liquid flow cell preparation technology;

(3) High reactive electrode preparation technology

(2) High power density teactor engineering and mass assembly manufacturing
technology;

(3) Structure design, integration, manufacture and management control of high
integration container type battery modiile technique

Sodium sulfur

(1) Solid electrolyte preparation technology;

(1) Batch preparation technique of beta alumina ceramic tube;

(2) Battery pack sealing technology;
(3) Unit module technology and system integration

(2) Low cost anti-corrosion electrode material research and development and
preparation technology;

battery technology
(4) Battery manufacturing process, battery management  (3) New water based sodium based energy storage battery technology
technology;
(1) Large-scale power electronic interface and high energy (1) research and fabrication of high energy density and high power density
density super capacitor electrode matetial technology; supercapacitors;

Ultracapacitor (2) New system, high power modular technology; (2) research and development of hybrid supercapacitor;

(3) Commercialization and serialization technologies

(3) research and fabrication of composite electrode materials with high specific
capacitance, high operating voltage, large power density and long cycle life

application of chemical energy storage technology. At present, the capacity of lithium-ion batteries used in energy
storage power plants has reached 64MW H level (Wang et al., 2015; Li et al., 2016). In recent years, the development
of liquid flow battery is more stable. The application of vanadium redox flow battery and zinc bromide flow battery
is more and more. It is mainly used in the field of large-scale grid connected renewable energy. The main flow
battery R & D institutions including Dalian Rongke Power, Sumitomo electrician, UniEnergy, Technologies,
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Table 3. Development Stages of Energy Storage Technology
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Figure 2. Application Areas of Major Energy Storage Technologies

Imergy, Power, Systems, etc., Among them, the Japanese Sumitomo Electric in 2016 put into operation
15MW/60MWh liquid flow battery energy storage demonstration power station, it is the largest liquid flow battery
energy storage project put into operation at present (Li et al., 2015; Xu et al., 2013; Zhang et al., 2016). The
development of sodium sulfur battery is slow in recent three years, and Japan NGK company is the only
organization to realize the industrialization of sodium sulfur battery. In 2015, after the NGK company's sodium
sulfur battery storage system fire, NGK gradually improved the battery structure and enhanced security research
and development. It still leads the development of the global sodium sulfur battery. Chinese Academy of Sciences,
Shanghai Silicate Research Institute, China's sodium sulfur battery sector has been in a leading position, in recent
years, the battery materials have been gradually improved, and a new generation of sodium sulfur batteries has
been developed. It has a strong competitive edge in the field of R & D of international sodium sulfur batteries.
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Table 4. Application of Energy Storage in Power Industry

Application Field Application type

Main function

Auxiliary dynamic
operation

Traditional

In order to maintain the balance between load and generation time, and ensure the large
generating units as much as possible in the economic conditions, The energy storage system and
the generator set can adjust the output size according to the scheduling requirements so as to
improve the efficiency and operation cost of the generating set and delay the service life of the
generator set.

power generation

Replacing or delaying
new units

The energy storage equipment is configured under the condition that the power generated by the
load increase or the unit elimination cannot meet the load, The utility model can be combined
with an original generator set to increase the output of the original power generation equipment
or indirectly increase the capacity of the original power generation equipment, thereby replacing
or delaying the newly-built unit.

Peak shaving and valley
filling

When the load is low or the power is limited, the intermittent renewable energy can charge the
energy storage device. When the load is high or the power is not limited, the energy storage
device can be charged to the grid. This application allows storage and renewable energy as a
complete system, the output is adjustable and can be scheduled, reduce the standby unit capacity
of the power system, the intermittent renewable energy into the grid friendly and can be
scheduled.

Renewable
energy power

eneration .
g Tracking plan output

Renewable power generation is intermittent and unstable, and its power generation forecasting
results cannot be in real-time agreement with the power grid scheduling plan. Because of its fast
response and large climbing rate, energy storage can track the planned output and coordinate the
power grid scheduling and renewable energy forecasting power, Thereby ensuring the safe and
effective absorption of renewable energy power generation.

Climbing rate control

Plan and tracking output similar to that of the charge and discharge through the energy storage
system, reduce the output fluctuation of renewable energy in a short period of time, thereby
reducing the pressure on power peaking, to ensure safe and stable operation of the power grid.

Reactive power support

With the aid of dynamic inverters, communication and control equipment, the energy storage can
adjust the reactive power output of the energy storage system, and then adjust the voltage of the
power transmission and distribution lines.

Link blocking

The energy storage system is installed upstream of the blocking circuit, and the energy storage
system is charged when the line load exceeds the line capacity, i.e., when the line is blocked, The
electrical energy that cannot be transmitted by the line is stored in an energy storage device;
When the load is less than the line capacity, the energy storage system discharges to the line.

Transmission

and distribution  Delaying the expansion
and upgrading of power
transmission and
distribution

Use a small capacity storage devices to avoid delay even to expand the capacity of existing
transmission and distribution equipment, power transmission and distribution system is mainly
applied to the load close to the equipment capacity, in order to delay or avoid expansion, the
energy storage system installed downstream needed power transmission and distribution
equipment upgrade,

Substation DC power
supply

The new type of energy storage equipment enters the substation, providing DC power for signal
equipment, relay protection, automatic device, emergency lighting and breaker switching
operation.

Frequency modulation

Through the energy storage device, the network can be charged and charged quickly and rapidly,
and the frequency of the power system is kept in the safe range.

Voltage support

Power grid

Distributed energy storage devices have the ability to respond quickly, respond quickly to load
demands in a matter of seconds, and provide service with loads lasting for more than a few
minutes or even 1h. It can be used to release or absorb reactive power according to the load
demand. It can avoid the loss of reactive power in long distance transmission and realize voltage
suppott.

auxiliary service

Peak shaving

Equipped with a certain energy storage capacity, when the peak load is required to generate
electricity, meet the power demand, and achieve the balance of power production and power
consumption in the power system.

Reserve capacity

The energy storage equipment can provide standby auxiliary service for the grid. By charging and
discharging the energy storage equipment, the purpose of regulating the active power balance of
the grid can be realized.

TOU (Time of use)

When the electricity price is low, the energy storage system is charged, and when the electricity
price is high, the discharge can not only reduce the overall electricity cost through the low storage

tariff management and high release, And it's not necessary to change the uset's power usage, even when the price is
the highest, and you can use the electricity according to your own needs.
. . The user charges the energy storage device according to its power consumption habit during the
User side Capacity cost - . . . . .
management period when the power load is low, When a high load is needed, the energy storage equipment is

used to discharge, thereby reducing the maximum load and reducing the cost of capacity.

Improve power
reliability

When the power failure occurs, the energy storage system can supply the reserve energy to the
end users, so as to avoid the interruption of power supply during the restoration process and to
ensure the reliability of the power supply.

Improve power quality

The energy storage equipment installed on the load side can maintain the power quality in the
event of short failure, and reduce voltage fluctuations, frequency fluctuations, The effects of
power factor, harmonics, and second to minute load disturbances on the power quality.

In recent years, China's energy storage industry has accelerated the pace of development in terms of project
planning, policy support and production capacity layout, it can be said Chinese storage industry has gradually
exposed spring, is gaining momentum. The development of China's pumped storage industry is relatively slow,
while the growth rate of the electrochemical energy storage market is obviously higher than that of the global
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market, while the thermal energy storage is still in its infancy. Thanks to the progress of technology and cost
reduction, in the case of subsidies, energy storage in the peak valley spread and auxiliary service market and
renewable energy power solutions have achieved commercial operation conditions (Zhang et al., 2016). According
to the Zhongguancun energy storage industry technology alliance (CNESA) project library statistics, in 2016,
several large-scale projects were planned or put into operation, and the scale of China's newly put into operation
energy storage projects was 28.5MW, and the installed capacity of energy storage plants maintained a sustained
and rapid growth (Li et al., 2016). At the same time, energy policies have been intensively introduced, and energy
storage has gradually become the key areas of planning and layout, local governments will subsequently layout
energy storage projects and demonstrations, boosting local industrial transformation and upgrading. In the next
few years, with the rapid development of renewable energy industry, the energy storage market will also enjoy rapid
growth.

The so-called photovoltaic power generation, according to the principle of solar cell, the presence of the photon
for electronic transitions, and potential difference, in this way, the solar energy can be converted into electric
energy, which is a direct current. The application of energy storage devices in photovoltaic power stations is similar
to that in wind farms, when the output power of the photovoltaic cell fluctuates, the energy storage device can
operate immediately, providing instantaneous power to ensure that the device can continue to operate stably.
Furthermore, the uncertainty of PV output and short-term forecasting errors can be studied according to statistical
theory. In addition, because the battery has a relatively mature technology, high energy density, the price is relatively
low, so most of the photovoltaic power station often use battery storage in order to improve the output
characteristics of power system. However, because of this storage, method is very simple, there are defects, such
as the use of time is not long, the battery power is relatively small etc. Therefore, some studies have shown that
hybrid energy storage systems can be applied to meet the relevant requirements (Arslan et al., 2017).

CONCLUSION

With the growing depletion of fossil fuels and the accelerated growth of energy demand, a new round of
technological revolution and industrial change, represented by renewable energy and new energy technologies, is
emerging and will continue to change the pattern of world energy. The worldwide energy structure adjustment has
become an important issue in the energy sector. Renewable energy and new energy technology, in the current
situation, represents not only the development of a new technology. At the same time, it has far-reaching influence
on a series of traditional development patterns, such as traditional economic and energy development mode, new
manufacturing system and so on.

The future development of energy storage market will mainly focus on distributed energy storage, distributed
PV + storage, micro grid and other aspects of the distribution network and the user side. In April 2016, the
National Energy Administration announced its plan of action for innovation in energy technology (2016 - 2030),
By 2020 the 10MW/100MW h Supercritical compressed air energy storage system and 1MW /1000M] flywheel
energy storage array will be demonstrated and introduced, 100MW class of vanadium redox flow battery energy
storage system, 10MW grade sodium sulfur battery storage system and 100MW lithium-ion battery energy storage
system, and a number of mature energy storage technologies will be demonstrated as well (National energy board,
2016). The vanadium redox flow battery system would reach 200MW /800MWh, which would be the largest in
world. With the deepening of the power system reform, energy storage will also gain more market opportunities.
However, the energy storage industry in China is still in a certain distance from the overall healthy development,
and the commercial application of energy storage faces the high cost of energy storage, the market level of the
electricity market is not perfect, the energy storage technology route is immature, the energy storage price and the
effective incentive are various. Therefore, the development of energy storage industry can be described as
opportunities and challenges (Zhongguancun, 2012; Zhongguancun, 2013; Zhongguancun, 2014; Zhongguancun,
2015; Special report, 2016; Rifkin, 2011; Under the State Council, 2015).
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