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Abstract 

With the promulgation and implementation of relevant policies on energy storage 
industry in China, energy storage industry, especially electrochemical energy storage, 
has developed rapidly. Energy storage equipment, as a kind of high-quality flexible 
resource, plays an important role in power grid frequency modulation, peak regulation 
and suppression of new energy fluctuation. At present, energy storage technology has 
been widely used in all aspects of power system and has become the focus of attention. 
Reasonable use of energy storage system to realize peak cutting and valley filling can 
effectively relieve the large fluctuation of load curve, reduce the impact on large power 
grid, delay equipment capacity upgrade and improve equipment utilization rate. 
Existing research on energy storage planning lacks an evaluation method for the energy 
storage demand boundary of the system under multiple application scenarios. Based on 
the system value evaluation method, this paper comprehensively analyzes the value of 
energy storage in power system, including its comprehensive value and realizable value. 
According to the synergy among the applications involved in energy storage, the system 
value characteristics of energy storage are analyzed, and the multiple values of energy 
storage are comprehensively evaluated and measured. 
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1. Introduction 

Energy storage is a key technology for building ubiquitous power Internet of Things. Its 
development and popularization will effectively help build a safe, reliable, flexible, open and 
friendly new generation power system. Electrochemical energy storage not only has the 
technical characteristics of fast response and bidirectional regulation, but also has the technical 
advantages of strong environmental adaptability, small-scale decentralized configuration and 
short construction period, overturning the traditional concept of source grid load and breaking 
the inherent attribute of simultaneous power generation, transmission and supply. The energy 
storage system is applied to load side peak clipping and valley filling, i.e. charging at the load 
valley and discharging at the load peak, thus realizing the space-time translation of the load [1]. 
Applying energy storage to the field of power transmission and distribution, participating in 
frequency modulation, voltage support, peak regulation, reactive power support for standby 
capacity, relieving line congestion, delaying power transmission and distribution expansion 
and upgrading, and serving as DC power supply for substations, can well alleviate a series of 
problems brought about by new energy grid connection [2]. Due to the randomness, 
intermittence and volatility of renewable energy output represented by wind power and 
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photovoltaic, the large-scale grid-connected operation of renewable energy has brought great 
challenges to the safe and stable operation of the power grid [3]. Reasonable use of energy 
storage systems to achieve peak and valley filling can effectively alleviate large fluctuations in 
the load curve, reduce the impact on large power grids, and can delay equipment capacity 
upgrades, improve equipment utilization, and save costs [4]. 

The application of energy storage technology in the power grid can cut peaks and fill valleys 
well, so energy storage has become an important part of China's smart grid strategy. Among 
them, battery energy storage has become a hot spot for energy storage applications in urban 
power distribution networks because of its mature technology, on-site load regulation and fast 
regulation, etc. [5]. Grid-side energy storage is usually large in scale, and it is controllable for 
dispatching agencies at all levels. It can play an active role in multiple application scenarios 
such as peak shaving, frequency regulation, mitigation of congestion, suppression of new 
energy fluctuations, and emergency backup of power systems during operation [ 6]. Limited by 
the cost of energy storage batteries, the measurement of the value of energy storage cannot 
stop at a single level such as suppressing fluctuations in renewable energy or peak and valley 
filling [7]. Rather, it should use value engineering thinking to comprehensively evaluate and 
measure the comprehensive value of energy storage in improving power system operation 
economy, safety, and reducing pollutant emissions from the perspective of system value [8]. 
Considering factors such as safety protection, large-scale energy storage systems generally 
adopt a container-type system design, and are distributed in different power grid nodes, which 
is convenient for transportation and construction, and is almost not affected by geographical 
terrain [9]. This article first analyzes the value of energy storage in the power system based on 
the system value assessment method, including its direct value and indirect value. At the same 
time, according to the synergy between the applications involved in energy storage, a synergy 
effect matrix for multiple applications of energy storage is given, and the system value 
characteristics of energy storage are analyzed to comprehensively evaluate and measure the 
multiple values of energy storage. 

2. Application Scenarios and Typical Engineering Analysis of Energy 
Storage System 

In order to ensure the real-time balance of power supply and consumption in the power system, 
power generation resources and loads need to correct their own output according to the power 
gap or surplus of the system to maintain the stability of the system frequency. Electrochemical 
energy storage system has been widely used in all aspects of power system and has become the 
new focus of power industry development. Under the current trend of large-scale grid 
connection of new energy resources and continuous development of power market, the 
imbalance between power generation output and load caused by prediction error and 
equipment failure will become more significant, and the traditional frequency modulation 
method based on automatic power generation control system to adjust generator output will 
face great challenges [10]. The power supply side has benefited from the supplement and 
improvement of the State Energy Administration's assessment and compensation mechanism 
for grid-connected operation of power plants, and the acceleration of the FM auxiliary service 
market. A number of power generation enterprises across the country have taken the lead in 
exploring the application of energy storage technology. The system value is the net income of 
the whole system caused by the application of certain equipment, considering both its positive 
and negative effects on the system. 

Energy storage equipment has fast start-up and response speed, flexible adjustment, and can 
effectively track the random unbalance of load and new energy output. Charging when system 
power is surplus and discharging when there is gap. As a high-quality flexible resource, 
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participating in system fast frequency modulation is an important application scenario for 
energy storage to play its value. In order to cope with the great development of new energy 
resources, the application power grid side urgently needs to improve the flexibility and stability 
of power grid regulation. The application demand for energy storage technology is increasingly 
prominent. The application of battery energy storage system to load side for peak-valley cutting 
not only reduces the peak-valley difference of load and optimizes the load curve, but also 
effectively reduces the capacity of backup units during peak hours, improves the operation 
efficiency of generator units and reduces the power generation cost. Due to the strong 
randomness of FM signal, its distribution is multi-peak and asymmetric, so it is difficult to use 
the existing probability distribution types for parameter estimation fitting. The application of 
energy storage system to load side peak cutting and valley filling can effectively reduce peak 
load and has various benefits. However, due to the cost of energy storage devices, the 
application of energy storage systems is questioned. Power system dispatching or power 
market day-to-day trading usually requires power generation resources to maintain a stable 
and determined output for a period of time, and large-scale fluctuation of photovoltaic or wind 
power output in a short period of time will bring great difficulties to system operation. 

3. The Increasing Demand for the Application of Energy Storage 
Technology in Every Link of Power System 

With the continuous introduction of support policies and continuous improvement of 
manufacturing processes in various countries, energy storage battery technology has 
developed rapidly in recent years. Key technical indicators such as battery safety, cycle life and 
energy density have been greatly improved, and application costs have decreased rapidly. Due 
to the inherent randomness of new energy power generation, the volatility generated by 
multiple power plants can offset each other and form a complementary effect within the 
regional space, resulting in the overall volatility reduction after the output of multiple power 
plants is added up. This is called the smoothing effect of new energy power plant clusters. The 
traditional equipment value evaluation method only considers various costs of the equipment 
and various benefits it can generate, and the difference between the two is the value of the 
equipment, without considering its impact on the original system value, or simply considers the 
value of the new system caused by the equipment as the linear superposition of the equipment 
value and the original system value. 

The power plant is the passive executor of the unified dispatching of the system. In the power 
market, the power generation company has the autonomy of production and operation and 
becomes the main body of market competition. It will adopt different bidding strategies and 
realize profit maximization by adjusting the bidding curve. Fig. 1 is a scanning speed 
modulation architecture of a power prediction model. 

With the rapid growth of China's new energy power generation scale and the establishment of 
a large-scale trans-regional power transmission pattern, many new problems and challenges 
have arisen in the operation of the power system. The demand of the power grid for relieving 
peak load regulation pressure, improving reserve level, reducing grid congestion and 
improving trans-regional channel transmission capacity is increasingly prominent. Energy 
storage equipment can store low-cost electric power in low load periods and generate 
electricity in peak periods, thus reducing the system operation cost and saving the investment 
of peaking units, thus generating considerable economic benefits. The system value evaluation 
theory holds that the addition of new equipment will cause the variation of the original system 
value in addition to its own value, which may increase or decrease. Both will affect the value of 
the new system. The difference between the new system value and the original system value is 
the system value of the new equipment. As for new energy enterprises, there are objectively 
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operational pressures to reduce waste electricity and increase power generation income. 
Energy storage technology is one of the most effective solutions to improve the utilization level 
of renewable energy. 

 

 

Fig 1. Scanning speed modulation architecture of power prediction model 

 

4. Market Mechanism Offers Wider Application Prospect for Energy 
Storage 

Different from the energy storage demand of frequency modulation and stabilizing the 
fluctuation of new energy sources, there is no clear peak regulation demand in system 
operation. The value of energy storage in peak shaving needs to be reflected through power 
grid operation simulation. On this basis, the generated benefits and costs are comprehensively 
considered to determine the installed demand for energy storage. In the planning and operation 
of power system, different types of applications have different requirements for energy storage. 
For example, frequency regulation requires energy storage with sufficient power, and requires 
high charge-discharge rate performance and charge-discharge power of energy storage. For 
conventional power sources, with the continuous improvement of auxiliary service policies and 
the continuous promotion of auxiliary service market, the service competition in unit operation 
performance will become more and more intense, and the demand for allocating energy storage 
to improve frequency modulation capability and combining energy storage for flexible 
transformation of thermal power units will increase dramatically. Adding energy storage to the 
power system will not generally reduce the value of the original system, so the superposition 
of multiple application values can be used to evaluate its system value. The same energy storage 
can be used for multiple purposes through reasonable power and capacity allocation to realize 
multiple values of energy storage and reduce the payback period of energy storage investment. 

If the components are independent of each other, the addition model is used to decompose the 
time series, and if there is some correlation between the components, the multiplication model 
is used to decompose the factors. The load forecasting model needs to forecast several years of 
historical data, which will be used for the annual forecasting data of the model. Fig. 2 is a multi-
phase support vector machine prediction model architecture. 
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Fig 2. Multi-phase support vector machine prediction model architecture 

 

It is not feasible to separately evaluate the value of each type of energy storage in different 
application types, because the value evaluation of energy storage is affected by many factors in 
the whole process of power system planning, operation and management, and cannot be 
separated from it. Under the current electricity price policy in some regions, energy storage 
technology provides users with a way to reduce electricity cost by using the price difference 
between peak and valley. When energy storage participates in multiple applications to realize 
multiple values, its system value cannot be simply considered as a linear superposition of the 
application benefits involved in energy storage, and the additional benefits generated by it 
should also be considered. With the continuous reduction of energy storage application costs, 
more and more users will invest for profit. Combined with other distributed power sources, 
more and more application modes will be derived, and the demand for energy storage 
application will be continuously driven. 

5. Conclusions 

Under the combined influence of multiple factors such as technological progress, demand 
growth and policy support, the application of electrochemical energy storage in China is 
developing rapidly and has begun to take shape. It is expected that it will show a more rapid 
growth trend in the future. Under high proportion of renewable energy scenarios, higher 
economy can be achieved by reasonably planning the power and capacity of energy storage and 
participating in multiple applications, which provides a basis for multi-scenario application of 
energy storage in power systems. Superimposing different scenes gives the integrated power 
and energy demand of energy storage, the main difficulty lies in the different time scales of the 
corresponding time series in different scenes. The system value evaluation method can 
effectively avoid the limitations of the existing evaluation methods such as single value 
evaluation, multiple value evaluation and quasi cost, and can evaluate the value of energy 
storage more objectively and comprehensively. In the future, with the deepening of power 
market construction, the continuous improvement of market mechanism, and the continuous 
enrichment of trading varieties, energy storage will usher in a broader application prospect. In 
the future, the rapid increase of decommissioned power battery scale and the continuous 
progress of echelon utilization technology will further help the application of energy storage 
technology in power system. With the continuous reduction of energy storage application cost, 
more and more users will invest for profit. Combined with other distributed power sources, 
more and more application modes will be derived, which will continuously drive the demand 
of energy storage application. 



International Journal of Social Science and Education Research                                                              Volume 3 Issue 6, 2020 

ISSN: 2637-6067                                                                                                                          DOI: 10.6918/IJOSSER.202006_3(6).0006 

36 

References 

[1] Sun Chongbo, Song Yi, Cai Chao, et al. Multi-objective optimization configuration method of 

distributed energy storage in distribution network considering the needs of multiple scenarios [J]. 

Electric Power Construction, 2019, 40 (7): 48-56. 

[2] Zhang Mingxia, Yan Tao, Lai Xiaokang, et al. Development vision and technical path of energy 

storage technology under the new functional form of power grid [J]. Power Grid Technology, 2018 

(5): 1370-1377. 

[3] Zhu Huan, Cheng Liang, Chen Chen, et al. Grid-side energy storage demand assessment method 

under multiple application scenarios [J]. Electric Power Construction, 2019, 40 (9): 35-42. 

[4] Su Xiaolin, Li Dandan, Yan Xiaoxia, et al. Application analysis of energy storage technology in power 

system [J]. Electric Power Construction, 2016, 37 (8): 24-32. 

[5] Yan Chenyu, Fan Yanfang, Yao Bo. Hybrid energy storage smoothing photovoltaic output fluctuation 

control strategy using adaptive variational mode decomposition [J]. High Voltage Technology, 2019 

(6): 1898-1906. 

[6] Ju Ping, Su Weiyi, Qin Chuan. Island island microgrid frequency coordination control strategy based 

on battery energy storage and controllable load [J]. Journal of Hohai University (Natural Science 

Edition), 2018, 46 (3 ): 268-274. 

[7] Liu Jichun, Zhou Chunyan, Gao Hongjun, et al. The optimization of the economic dispatch of the 

electricity-gas integrated energy micro-grid considering hydrogen-natural gas mixed energy 

storage [J]. Power Grid Technology, 2018, 42 (1): 170-178. 

[8] Li Xinran, Huang Jiyuan, Chen Yuanyang, et al. Review of large-scale energy storage power supply 

participation in power grid frequency modulation research [J]. Power System Protection and 

Control, 2016, 44 (7): 145-153. 

[9] Ye Jianmin, Cai Jingtao, Wang Ruoyu, et al. Robust planning for transmission grid and energy storage 

expansion considering wind farm connection [J]. China Southern Power Grid Technology, 2019 (3): 

25-32. 

[10] Hu Xiaotong, Liu Tianqi, He Chuan. Calculation method of energy storage margin of independent 

microgrid considering random characteristics [J]. Electric Power Automation Equipment, 2017, 37 

(12): 80-85. 


