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ABSTRACT: The primary model for promoting large-scale
development of new energy is the construction of wind-solar-
storage bases in deserts, Gobi regions, and desertified areas.
However, in the scenario where there is no conventional power
supply on site, the coordination ability between new energy
power generation and DC is insufficient, and the frequency of
the base is instable. In a new energy base dominated by control,
this paper constructs reasonable virtual inertia based on the
operating characteristics of wind-solar- storage, further
explores the influence of grid-following control (GFL) and
grid-forming control (GFM) on the frequency response, and
establishes a frequency response model for various control
strategies. Energy storage power plants have great advantages
in fast frequency response and flexibility to adjust new energy
fluctuations. In the energy storage planning model, an energy
storage optimization configuration method considering DC
operation mode is proposed, and frequency stability safety
constraints are embedded in typical operating scenarios. This
article validates the rationality and effectiveness of the
proposed model based on the planning guidelines for new
energy bases in Northwest China, and further analyzes the
impact of frequency indicators, DC operation mode, GFM and
GFL control strategies for each station on energy storage
configuration; the proposed energy storage planning method
not only achieves economical allocation, but also ensures the

stability of the frequency of the base, providing a new idea for
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energy storage configuration in the scenario where there is no

conventional power supply support on site.
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Fig. 1 DC transmission scenario of large-scale new energy

base in a desert area of northwest China
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The primary model for promoting large-scale
development of new energy is the construction of
wind-solar-storage bases in deserts, Gobi regions, and
desertified areas. However, in the scenario without
conventional power support on site, the coordination
between new energy power generation and DC is
insufficient, and the frequency of the base is instable. The
energy storage power station has the characteristics of fast
two-way adjustment speed, strong short-term charging and
discharging ability, and excellent controllability. It can
provide fast frequency adjustment and inertia support for
new energy bases, and make up for the problem of
insufficient DC transmission capacity caused by wind and
rain fluctuations. The energy storage planning scheme for
the new energy base with both frequency safety, stability
and economy plays a pivotal role.

The energy storage planning of new energy bases
requires in-depth research in the following three aspects:
(1) The description of the frequency support capability of
new energy stations without the support of conventional
power sources on site, covering the construction of
virtual inertia of new energy bases, different frequency
support capabilities of grid-forming (GFM) and
grid-following (GFL) controls; (2) Establish the
coordination of wind-solar-storage power generation and
DC operation mode of new energy base; (3) An energy
storage planning method considering the frequency
response characteristics is proposed.

In a new energy base dominated by control, this
paper constructs reasonable virtual inertia based on the
operating characteristics of wind-solar-storage, further
explores the influence of GFL and GFM on the
frequency response, and establishes a frequency response
model for various control strategies, as shown in Fig. 1.
In the energy storage planning model, an energy storage
optimization configuration method considering DC
operation mode is proposed, and frequency stability
safety constraints are embedded in typical operating
scenarios. Based on the planning guidelines for new
energy bases in Northwest China, Table 1 shows the BES
configuration scheme and operation results.
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Fig.1 Frequency response model of new energy base

Table 1 Energy storage configuration and economic analysis

Rated power/ Capacity/ Total cost /(x10°S$)

MW (MW-h) planning cost maintenance costoperating cost

1093.68 1514.85 2.267 0.219 4.595

The proposed energy storage planning method not
only achieves economical allocation, but also ensures the
stability of the frequency of the base, as shown in Fig. 2.

3 0.0
W

0.00 0.0 = 0.00
-02%
00:00

-0.04
-0.08
-0.12
-0.16
-0.20

00:00

/s

0228 004
8%
-04ZF —0.08 04
06 5; -0.12 ~06
0.8

-1.0
24:00

frequency deviation/Hz
RoCofl

08:00 16:00
Time/h

(a) Scene |

24:00 08:00 16:00

Time/h

(b) Scene 2
0.00
-0.04
-0.08
-0.12
-0.16
-0.20
00:00

frequency deviation/Hz

24:00

08:00 16:00 24:00
Time/h
(c) Scene 3

O Mo &

00:00 08:00 16:00

Time/h

(d) Scene 4
-~ &-- RoCof

Fig. 2 Frequency indicators for new energy bases

Additionally, this paper analyzes the impact of
frequency indicators, DC operation mode, GFM and
GFL control strategies for each station on energy storage
configuration. Relaxing the constraints on frequency
indicators and improving the flexibility of DC operation
can reduce the planned capacity of energy storage. GFM
control play an important role in reducing the maximum
frequency change rate of new energy bases, and
increasing the proportion of GFM stations is more
conducive to system stability.



