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ABSTRACT: In the context of electricity markets, the optimal
configuration of energy storage in microgrids considering the
demand response (DR) and the uncertainties in source and load
is of great value to improve the operational performance of the
microgrids and to promote the commercial application of
microgrids and the energy transformation. Aiming at the
configuration of energy storage system capacity in the grid-
connected photovoltaic (PV)-storage microgrid, an optimal
configuration strategy of energy storage considering the
demand response and the uncertainties in source and load is
proposed. First, the operation scenarios were reduced by
clustering. By considering the costs of electricity purchase,
energy storage configuration and loss, and tie line power
fluctuation  penalty comprehensively, a  collaborative
optimization model for planning and operation of microgrid
energy storage system considering long-term uncertainty was
established. Then, a load guidance mechanism based on the
scheduling priority was constructed, and the demand
response results were calculated by the elasticity coefficients.
Furthermore, a realization method of the two-step energy
storage configuration strategy was proposed. Finally, the
rationality and effectiveness of the proposed method are

verified by simulation.
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Fig. 1 Schematic of the double-layer optimization model
of energy storage system capacity in microgrid
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Table 1 User’s indicator data
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Fig.4 Power curves in a certain scenario
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Table 3 Results of energy storage configuration by
different methods
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In the context of electricity market, the optimal
of
considering demand response(DR) and uncertainties in

configuration energy storage in microgrids
source and load is of great value to improve the
operational performance of the microgrids and promote
the commercial application of the microgrids and the
energy transformation.

Aiming at the configuration of energy storage system
capacity in the grid-connected photovoltaic(PV)-storage
microgrid, this paper proposes an optimal configuration
strategy of energy storage considering the demand
response and uncertainties in source and load. Firstly, the
operation scenarios are reduced by clustering, and a
collaborative optimization model for planning and
operation of the microgrid energy storage system
considering uncertainties is established. Then, a load
guidance mechanism based on the scheduling priority is
and the

calculated by the elasticity coefficients. Furthermore, a

constructed, demand response results are
realization method of the two-step energy storage
configuration strategy is proposed.

An adaptive K-means method that automatically
selects the optimal number in the cluster centers is used to
cut down the load and the PV historical operation
scenarios.

M = arg m:;lx(ls_l 1), s=2,... W
o (D

L= | P = P

i=1

The long time scale energy storage planning
configuration aims at minimizing the total cost C during
the microgrid operation cycle, including the average
daily investment cost Cj, the average daily maintenance
cost Cy and the daily operation cost Co.

C=C +C,+C, 2)

The short time scale energy storage operation
optimization aims at minimizing the daily operation cost
Co, which includes the electrical energy cost Cg, the
replacement cost Cr caused by the energy storage battery
loss and the tie line power fluctuation penalty cost Cp.

S1

Co=Cp+Cy +GC, 3)

In the microgrid operation, the scheduling priority
function for the customer participation in demand
response is established as L'=0,Z"+o,R"+0,C; ,
where Z is the load elasticity index, R is the credit index
and C is the GDP generated per unit of power consumed.

The users are classified into three response levels
based on their function values, and given different
preferential policies. Then the demand response results
are calculated by the elasticity coefficients.

The implementation flow of the proposed energy
storage optimal configuration strategy is shown in Fig. 1.

Input load and PV historical data

Calculate the priority
function for each user

Historical scenarios are clustered
by an adaptive K-means method

Develop different load
guidance mechanisms

Calculate the DR curves for users
in every clustering scenario

Calculate the response
load curve for each user

Input microgrid system
parameters, such as power price

Typical scenarios consi-
dering demand response

‘ Initialize the population §™** ‘

v
Calculate the daily operation cost 4—‘
' New population
‘ Calculate the fitness function ‘
v

Crossover-mutation

‘ Select individuals ‘

Fig. 1 Flow chart of the model implementation

Compared to the traditional method, the proposed
energy storage configuration method considers the
energy storage requirements in a variety of operation
takes

operational risks, and results in a more reasonable

scenarios, into account the economics and
configuration. In addition, the load guidance mechanism
based on the user scheduling priority is proposed and the
demand response model is established. The results of the
simulation show that the energy storage combined with
demand response further optimises the operational
characteristics of the microgrid, achieving a win-win

situation for both the microgrid and the users.
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