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Abstract. As a superior flexible resource in a new power system with new energy as the main body,
customer-side energy storage has great potential for future development. It expounds the application
technology and operation model of customer-side energy storage in the United States and Germany, analyzes
the operation model of china's customer-side energy storage and calculates internal rates of return of general

commercial and industrial customers with a unitary tariff and large industrial customers with two-part tariff,
and puts forward suggestions to promote the development of china's customer-side energy storage.

1 Introduction

Energy storage is an important technology and basic
equipment to support a new power system. It is of great
significance for promoting the green transformation of
energy, ensuring energy security, and achieving carbon
peak and carbon neutrality [1-2]. According to different
energy storage configuration scenarios, it can be divided
into power side, grid side and customer side energy
storage. The customer side energy storage is mainly the
energy storage configured after the customer meter, which
is usually built on the customer's internal site or nearby,
and connected to the customer's internal Distribution
network [3]. China's electrochemical energy storage is
mainly used on the customer side, with an installed
capacity of 918MW, accounting for 49%. This article
introduces foreign customer-side energy storage
application technologies and business models, analyzes
china's customer-side energy storage operation model and
conducts profitability calculations, and proposes to
promote the development of china's customer-side energy
storage.

2 Foreign customer-side energy storage
operation model

2.1 United States

In the United States, Front of the Meter (FTM) and Behind
the Meter (BTM) are generally used to distinguish energy
storage. The American Energy Storage Association
defines that front of the meter is mainly connected to the
transmission and distribution network or power
generation. Assets can independently participate in the
wholesale market [4]; after the table is mainly calculated
by commercial, industrial or residential customers, it
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mainly participates in retail transactions. The role of
energy storage on the client side mainly includes Back
Power, increasing PV Self-Consumption, Demand Charge
Reduction, and Time-of-Use Bill Management [5].

For residential customers, the main consideration is to
reduce the cost of time-of-use electricity, while for
commercial and industry customers (C&I), reducing
demand costs is an important reason for considering the
installation of energy storage settings. Because customer
demand is often calculated based on a certain period of
time such as 15 or 30 minutes of load conditions, it is
closely related to the peak load of the customer, and the
peak load time of the customer is generally short. The
application of energy storage equipment to reduce the
peak load can effectively reduce the customer demand,
thereby save customers' electricity bills.

Thanks to the influence of the Self-Generation
Incentive Program (SGIP) policy, California has become
the fastest growing region for customer-side energy
storage in the United States. The SGIP policy was
formulated in 2001 to reduce the peak load of the system,
mainly for distributed power generation subsidies, and
does not include energy storage; energy storage
equipment used in conjunction with renewable energy
was included in the subsidy in 2008; in 2009, to reduce
greenhouses Gas emissions have expanded the
compensation object from distributed power generation to
distributed energy. Since then, independent energy
storage equipment has also begun to enjoy compensation.
Since then, the SGIP plan increased the total subsidy
budget and set a gradually reduced compensation amount
in five stages. In addition, the investment tax credit (ITC)
in the United States also promotes the development of
energy storage.
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2.2 Germany

Germany is the world's largest residential energy storage
market. By the end of 2020, the installed capacity of
residential energy storage in Germany will be
approximately 2.3GWh. More than 300,000 battery
energy storage systems have been installed in German
homes. The average installed capacity in 2019 is about
8kWh, and in 2020 it is about 8.5kWh. Nearly 70% of
German household solar photovoltaic power generation
projects are equipped with battery energy storage systems.
The factors driving the development of the domestic
energy storage market in Germany include significantly
reduced energy storage system costs (system prices have
fallen by 40% in the past three years), declining
photovoltaic feed-in tariff (FIT), high residential retail
electricity prices, and a high proportion of renewable
energy power generation, German Bank for
Reconstruction and Development (KfW) household
energy storage subsidies, etc.

The rapid development of domestic energy storage
devices in Germany is due to its diversified business
models that have activated the energy storage market:

» "Cash sale" model: In order to reduce the FIT and the
retail price of electricity, customers are increasingly
inclined to self-consumption instead of buying electricity
from the grid. The use of solar power generation systems
in conjunction with residential storage energy systems can
help expand the share of self-consumption, while the
average purchase cost is still lower than the cost of power
supply from the grid. The German energy storage market
is mainly driven by an early adopter segment, which is
characterized by customers being able to tolerate an
incomplete return-driven approach, but mainly for the
installation of residential energy storage systems for non-
profit purposes, such as hope Increase the independence
of public utilities or actively support Germany's energy
transition.

« "Utilities game" model: By reducing the barriers to
adoption, so as to increase convenience for customers,
rather than just to save costs, this helps to expand the
market scale of residential energy storage.

* "Aggregation and overlay" mode: Unlike the "utility
game", many residential energy storage systems are now
aggregated into large "virtual batteries." This enables
energy storage providers to solve a variety of use cases
and may obtain further revenue streams in addition to
providing energy storage hardware and surplus power.

3 Customer-side energy
operation model and
analysis in china

storage
profitability

3.1 Application technology of customer-side
energy storage

According to different customer types and needs,
customer-side energy storage application technologies
can be divided into three categories:

The first category is to implement peak shaving,
demand response and demand management for traditional

loads. Peak shaving and valley filling is suitable for
customers who consume a lot of electricity during peak
hours. It is currently the largest commercial application. It
reduces electricity costs through "valley charging and
peak discharge"; demand response is obtained by
responding to grid dispatch, helping to change or shifting
electricity load Revenue; demand management reduces
demand electricity bills by reducing power consumption
spikes.

The second category is to develop integrated solar
storage and integrated storage applications for new energy
applications [6]. For customers with existing or newly
built photovoltaic systems, the integrated solar storage
smoothes the fluctuations in photovoltaic output and
reduces the impact on the grid; "saves for day and night",
increases the proportion of photovoltaic power generation
for self-use, minimizes the rate of abandonment, and
promotes photovoltaic consumption. The integration of
charging and storage is suitable for customers who have
charging stations or charging facilities. It is a buffer of
energy/power between charging facilities and the grid,
reducing the impact of charging power on the grid, and
reducing electricity costs in areas where there are peak
and valley tariffs for charging electricity [7].

The third category is to improve the reliability of
power supply, which is applied to uninterruptible power
supply (UPS) and backup power supply for
communication base stations. UPS is suitable for all kinds
of customers who need uninterrupted power supply. The
communication base station needs to be equipped with
backup power supply to ensure the power consumption of
critical loads. Lead-carbon batteries and lithium-ion
batteries have now begun to enter this field. Compared
with traditional lead-acid batteries, they have the
advantages of high energy density, good discharge
performance, and simple maintenance. Electrochemical
energy storage can not only be used as a backup power
source, but also can be used as energy storage to carry out
peak shaving and valley filling and participate in demand
response, but the management system requires high, and
the current cost is high.

3.2 Customer-side energy storage operation
model and profitability

Customer-side energy storage mainly uses market-
oriented methods to perform functions such as peak
shaving, demand management, backup power supply, and
integrated operation of optical storage. Peak shaving and
valley filling is currently the most widely used mode of
energy storage on the customer side. It mainly achieves
peak-to-valley arbitrage through low charging and high
discharging or reducing demand for electricity bills to
achieve profitability. Due to the differences in peak-to-
valley electricity prices in various provinces, cities and
regions, energy storage projects in different regions have
different economics. Considering that general industrial
and commercial customers only use peak-to-valley
arbitrage as the main profit model, large industrial
customers can use energy storage to reduce the maximum
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demand electricity cost while reducing the electricity cost
through the peak-to-valley price difference.

Calculated based on the 16 provinces, cities or regions
that implement peak-to-valley tariff policies in the
operation area of the State Grid Corporation of China.
There are two types of customers, one is general industrial
and commercial customers with a single price of 1-10kV
voltage level; the other is 1-10kV Two-part electricity
tariff industrial customers with voltage levels. The energy
storage system uses 10MW/20MWh lithium iron
phosphate batteries, which are calculated according to the
charge and discharge once a day (365 times/year) and
once during the working day (260 times/year).

(1) General commercial and industrial customers
with a unitary tariff

If the energy storage system is charged and discharged
once a day, the peak-to-valley price difference in Beijing
is the largest, and the yield is the highest, reaching 22.2%,
followed by Jiangsu, Henan, Gansu, and Shandong. The
remaining provinces are difficult to achieve a yield of 8%;
if energy storage is only in when charging and discharging
on a working day, only Beijing and Jiangsu have room for
profit, and it is difficult for the remaining provinces to
achieve an 8% yield.

& (yuan/kWh|

& differen

T & F & 8

— A peak-to-valley  difforence (yuan/kWh) = IRR[365-day T T3

Figure 1. The relationship between the general commercial

and industrial peak-to-valley price difference and the internal
rate of return of energy storage

Tablel.  The relationship between the general commercial
and industrial peak-to-valley price difference and the internal
rate of return of energy storage

. C&l peak-to-valley | ypp 36 | [RR(26
Province price difference 5-day) 0-da
(yuan/kWh) y y
Beijing 0.9861 22.20% | 12.60%
Jiangsu 0.8206 16.70% 8.20%
Henan 0.6356 10.10% 2.80%
Gansu 0.6212 9.60% 2.40%
Shandong 0.5818 8.10% 1.10%
Shanxi 0.5574 7.10% 0.30%
Tianjin 0.555 7.00% 0.30%

Qinghai 0.5434 6.50% | -0.10%
Xinjiang 0.5288 6.00% -0.70%
Anhui 0.5225 570% | -0.80%
Zhejiang 0.512 530% | -1.20%
Shanghai 0.477 3.80% | -2.40%
Shanxi 0.4358 2.10% | -3.80%
gzkl’l‘:}ll 0.4202 1.40% | -4.40%
I;e;’rflll 0.3962 0.30% | -5.30%
Ningxia 0.3656 1.10% | -6.50%

(2) Large industrial customers with two-part tariff

The peak-to-valley price difference between large
industrial customers is generally smaller than that of
general industrial and commercial customers. When only
considering the peak-to-valley price difference, if the
energy storage system is charged and discharged once a
day, the peak-to-valley price gap in Shanghai is the largest,
with the highest yield, reaching 14.8%, followed by
Jiangsu, Shaanxi, and Shaanxi. Henan, Beijing, Shandong,
and other provinces are difficult to achieve a yield rate of
8%; if energy storage is only charged and discharged on a
working day, no province has a yield rate of 8%.

Under the two-part electricity price, customers need to
pay the required electricity fee in addition to the cost of
electricity per kilowatt-hour. For short-term peak
electricity consumption every day, energy storage can
reduce the demand for electricity costs, and the degree of
reduction is determined by the length of energy storage
discharge and the discharge power. Taking Shanghai as an
example, the electricity demand fee is 40 yuan/kW/month.
If IOMW energy storage can reduce the demand of SMW,
the electricity demand will be reduced by 2.4 million yuan
every year. If the energy storage is only charged and
discharged on working days, the comprehensive internal
rate of return will be 19.8%.
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Figure 2. The relationship between the peak-to-valley price
difference of large industrial customers and the internal rate of
return of energy storage
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Table2.  The relationship between the peak-to-valley price
difference of large industrial customers and the internal rate of
return of energy storage

Large industria.l
prevce | Pkl i | 1R | s

(yuan/kWh)
Shanghai 0.766 14.80% | 6.60%
Jiangsu 0.7558 14.50% | 6.40%
Shanxi 0.6334 10.00% | 2.70%
Henan 0.6189 9.50% | 2.30%
Beijing 0.6098 9.10% | 2.00%
Shandong 0.5881 830% | 1.30%
Tianjin 0.555 7.00% | 0.30%
Anhui 0.5502 6.80% | 0.10%
Zhejiang 0.484 410% | -2.10%
Shanxi 0.4437 240% | -3.50%
Gansu 0.4383 220% | -3.70%
Qinghai 0.4342 2.00% | -3.90%
I;zzflll 0.431 1.90% | -4.00%
I;eobrflil' 0.4074 0.80% | -4.90%
Ningxia 0.3198 3.40% | -8.30%

The conclusion shows that the profitability of
customer-side energy storage is affected by two aspects.
The first is the local peak-to-valley electricity price
difference. The larger the electricity price difference, the
higher the profit. However, the peak-to-valley electricity
price policy is stronger, and energy storage arbitrage is a
decades-long period. Cyclical investment behaviors have
relatively high policy risks; second, the company's own
operating conditions, energy storage peak and valley
arbitrage requires a long-term stable load, especially for
large industrial customers, which have relatively high
operating risks. Therefore, energy storage peak-to-valley
arbitrage is still concentrated in Beijing, Jiangsu and other
industrial parks or commercial premises with large peak-
to-valley price differences and relatively stable business
operations.

4 Conclusion and suggestion

The rapid development of customer-side energy storage in
the United States and Germany is driven by policies and
electricity prices, and the application model is relatively
flexible. China's customer-side energy storage is mainly
limited to peak-to-valley arbitrage, which is greatly
affected by peak-to-valley electricity prices. In order to

promote the development of customer-side energy storage,
the following suggestions are put forward: first, to
promote the development of energy storage by widening
the peak-to-valley price difference, reflecting the price of
electricity supply and demand; second, vigorously
promoting new models such as optical storage and optical
storage charging; third, introducing related Policies to
promote customer-side energy storage to participate in
demand response and play multiple values.
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