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Abstract. In the context of energy transformation, re-electrification has become an important way to build 
a clean and low-carbon energy system. The large-scale re-electrical load access further increases the 
flexibility requirements on the user demand side. The application of the energy storage system (ESS) can 
not only improve the degree of electrification of the energy system but also improve the energy utilization 
efficiency. This paper analyzes the different development modes and key characteristics of energy storage 
on the power supply side, grid side and demand side in large-scale re-electrical load access areas. Five 
dimensions (such as storage security, technology maturity, system cost, storage scenario suitability and 
storage scalability) are selected to characterize the feasibility of a certain energy storage technology in a 
given application scenario. For different application scenarios, studying the appropriate development mode 
and its adaptability to the environment will help the healthy and sustainable development of energy storage.  

1 Introduction 
Energy transformation is a socialized system engineering. 
Its fundamental task is to build a clean, low-carbon, safe 
and efficient new energy system [1]. The important way 
is to “re-electrify”. As the penetration of renewable 
energy continues to increase, a large-scale re-
electrification load is connected to the energy system. At 
this time, the versatile load demand behavior will 
introduce greater uncertainty and unpredictability. In 
order to improve the user's energy quality, it is necessary 
to install energy storage devices to improve energy 
supply capacity and reliability [2-4]. 

With the advancement of various energy storage 
technologies and the improvement of the economy, 
energy storage has been widely used on the power 
supply side, power grid side and user side [5-9]. 
However, at present, the technical route selection for 
ESS in different application scenarios is more based on 
the qualitative judgment of actual experience [10-13]. 
Usually, the technology selection of energy storage in 
different application scenarios mainly depends on a 
single factor. Due to the lack of quantitative 
comprehensive evaluation index, the economics, safety, 
service life, etc. of energy storage are difficult to 
compared. In this paper, a multi-factor comprehensive 
evaluation method is established to analyze the 

feasibility of each energy storage technology in different 
application scenarios. A multi-factor comprehensive 
evaluation method is proposed. The model evaluates the 
feasibility of kinds of energy storage technologies from 
five dimensions: storage security, technology maturity, 
system cost, storage scenario suitability and storage 
scalability. This method can quickly give the ranking of 
the feasibility of different energy storage technologies in 
a given scenario, which is convenient for decision 
makers to choose the appropriate energy storage 
technology. 

2 Different energy storage applications 
in the energy system 
There are many kinds of energy storage and application 
scenarios. According to the application field 
classification, the application of energy storage in the 
power system can be divided into three major application 
parts: power supply side, power grid side, and demand 
side. It mainly includes six application scenarios such as 
renewable energy integration, grid auxiliary service, 
transmission and distribution infrastructure service, 
distributed and microgrid, industrial and commercial 
energy storage, electric vehicles. 
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Fig. 1. Energy storage applications in different scenarios 

2.1 Energy storage applications on power 
supply side 

The energy storage located on power supply side mainly 
provides services such as smooth output, frequency 
modulation, reduce the rate of abandoned wind and solar 
power generation, and provides frequency modulation 
services for conventional power generators. Installing 
energy storage can reduce the volatility of new energy 
output, effectively track the output of the plan, improve 
the capacity of new energy consumption; improve the 
performance index of the power generators, reduce the 
cost of Automatic Generation Control (AGC) and peak 
regulation. 

2.2 Energy storage applications on grid side 

The energy storage located on grid side is a necessary 
means to cope with the balance of power systems under 
large-scale renewable energy integration and it is a key 
measure to improve grid utilization efficiency. The 
installation of energy storage on the grid side mainly 
plays the role of power grid peak shaving, new energy 
consumption, mitigation of congestion and improvement 
of overall operating efficiency of the power system and 
its main functions are shown as following. 

 
Fig. 2. Energy storage applications in the grid side 

2.3 Energy storage applications on load 
demand side 

The energy storage located on load demand side mainly 
includes microgrid energy storage, industrial and 
commercial energy storage, and household user energy 
storage. The demand side storage has the characteristics 
of small scale, distributed layout, and most of 
“uncontrollable”. Reducing energy costs is an important 
driver for the recent development of energy storage on 
the user side. At present, reducing energy consumption 
costs through peak and valley arbitrage, reducing 
demand for electricity, and participating in demand 
response are important driving forces for user-side 
energy storage development. 

3 Adaptive assessment method 
At present, the selection of technical route in different 
application scenarios is more based on the qualitative 
judgment of practical experience, it is usually difficult 
for users to pass the field test, and compare the effect of 
various kinds of technical conditions under the specific 
scenario, so there is a lack of quantitative evaluation 
index. This project establishes a multi-factor 
comprehensive evaluation model to analyze the 
feasibility of each energy storage technology in different 
scenarios. This paper puts forward the preferred model 
of energy storage technology based on multi-factor 
comprehensive evaluation, which evaluates the 
feasibility of energy storage technology from five 
dimensions, and solves the feasible technology selection 
and quantification problems in the energy storage 
application scenario. 

Firstly, based on the key feature extraction method, 
this paper analyzes and determines five factors such as 
storage security, technology maturity, system cost, 
storage scenario suitability and storage scalability as the 
key dimensions for feasibility assessment. Secondly, the 
weight of each key factor is determined by the expert 
scoring method, which makes the evaluation result more 
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comprehensive and reasonable. Finally, the quantitative 
indicators of the feasibility of different energy storage 
technologies in different scenarios are calculated 
respectively, and the feasibility ranking is given to 
provide a solution for selecting suitable energy storage 
technologies for a given application scenario. 

 

Fig. 3. A multi-factor comprehensive evaluation method for 
ESS 

Calculate the comprehensive technical feasibility of 
energy storage in five dimensions according to the 
following formula. 

( ) ( )1 2 3 4 5
3 51 2 4

1/

1 2 3 4 5ESS feasibility= S S S S S
        + + + +      

 
In the formula, S1, S2, S3, S4, and S5 are respectively 

the feasibility of various energy storage technologies 

under various evaluation indicators, and 1 , 2 , 3 , 

4 and 5  are the weights corresponding to S1, S2, S3, 

S4, and S5. The algorithm finally determines the 
technical feasibility of different types of energy storage 
in this scenario. 

4 Case study 
Taking the demand-side industrial energy storage 
application as an example, the feasibility and scoring of 
different energy storage technologies in this scenario is 
analyzed. Firstly, determine the types of energy storage 
technologies that are feasible on the industrial and 
commercial side. Pumped storage and compressed air 
storage are mainly used for large-scale energy storage on 
the grid side due to site and position constraints; 
flywheel energy storage is power-type energy storage, 
which is difficult used in energy-type applications such 
as arbitrage. The sodium-sulfur battery is currently 
costly and difficult to commercialize. Therefore, the 
types of energy storage technologies available on the 
industrial and commercial side include lead-carbon 
batteries, lithium batteries, and all vanadium redox flow 
batteries. 

Table 1. Feasibility parameter for each energy storage technology in industrial and commercial application scenario 

Evaluation index / technology type Lead carbon battery lithium battery Vanadium redox flow battery 

S-security 0.85 0.8 0.95 
M-technology maturity 0.92 0.7 0.65 

C-storage system cost 0.95 0.8 0.48 

A-storage scene suitability 0.8 0.6 0.75 

L-storage scalability 1.0 0.8 0.65 
 

According to the model, the feasibility of each type 
of energy storage technology under different dimensions 

of the application scenario is calculated and analyzed as 
follows. 

Fig. 4. Comparison and selection of radar charts of energy storage technologies in industrial and commercial energy storage 
scenarios 
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The ranking of the feasibility of different energy 
storage technologies in this scenario is shown as 

following, and it can be known that the Lithium battery 
should be recommeded in the scenario. 

 
Fig. 5. Case results of energy storage technology feasibility ranking under industrial and commercial energy storage scenarios 

5 Conclusions 
This paper proposes a new comprehensive evaluation 
method, using a multi-factor and multi-dimensional 
comprehensive scoring method, to analyze the technical 
and economic feasibility of different energy storage 
technologies in a given application scenario. The results 
show that this method can quickly sort various 
technologies and give decision plans. It is worth noting 
that this method can be extended to the selection of 
energy storage technologies in any dimension. 
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