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Abstract—The battery energy storage station (BESS) is the
current and typical means of smoothing wind- or solar-power
generation fluctuations. Such BESS-based hybrid power systems
require a suitable control strategy that can effectively regulate
power output levels and battery state of charge (SOC). This paper
presents the results of a wind/photovoltaic (PV)/BESS hybrid
power system simulation analysis undertaken to improve the
smoothing performance of wind/PV/BESS hybrid power generation and the effectiveness of battery SOC control. A smoothing
control method for reducing wind/PV hybrid output power fluctuations and regulating battery SOC under the typical conditions is
proposed. A novel real-time BESS-based power allocation method
also is proposed. The effectiveness of these methods was verified
using MATLAB/SIMULINK software.
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I. INTRODUCTION

I

N RECENT years, electricity generation by photovoltaic
(PV) or wind power (WP) has received considerable attention worldwide. The State Grid Corporation of China (SGCC)
is building the National Wind/PV/battery energy storage station
(BESS) and Transmission Joint demonstration project and
it is located in the region of Zhangbei, Hebei, China. The
Zhangbei belongs to one of the country’s 10 million kilowatts
of wind power base. The demonstration project is scheduled
in three stages. Now, it is in the first stage and at the end of
December, 2011, a 100-MW wind farm, a 40-MW PV farm,
and 14-MW/63-MWh lithium–ion BESS have been built at
Zhangbei.
The battery energy storage system can provide flexible energy management solutions that can improve the power quality
of renewable-energy hybrid power generation systems. To that
end, several control strategies and configurations for hybrid energy storage systems, such as a battery energy storage system
[1]–[5], [13]–[19], a superconducting magnetic energy system
(SMES) [6], a flywheel energy system (FES) [7], an energy
capacitor system (ECS) [8]–[12], and a fuel cell/electrolyzer
hybrid system [20], [21], have been proposed to smooth wind
power fluctuation or enhance power quality. Thanks to the rapid

Fig. 1. Wind/PV/BESS hybrid power generation system.

development of batteries, battery energy storage systems recently have begun to be utilized for multiple applications such
as frequency regulation, grid stabilization, transmission loss reduction, diminished congestion, increased reliability, wind and
solar energy smoothing, spinning reserve, peak-shaving, loadleveling, uninterruptible power sources, grid services, electric
vehicle (EV) charging stations, and others.
These days, the issue of how power fluctuations in PV
and wind power generation are to be smoothed has attracted
widespread interest and attention. And even as this issue is
being resolved, another one, that of the application of an energy
storage system such as BESS, has arisen. When using BESS
to control PV and wind power fluctuations, there is a trade-off
between battery effort and the degree of smoothness. That is,
if one is willing to accept a less smooth output, the battery
can be spared some effort. Thus far, although various effective
BESS-based methods of smoothing power fluctuations in
renewable power generation systems have been proposed [2],
[3], [5], smoothing targets for grid-connected wind and PV
farms generally have not been formulated. Smoothing control
by way of power fluctuation rate limits, for such systems,
has rarely even been discussed. The control strategies published in [1]–[5], [13]–[19], [25], [26] were formulated mainly
for small-scale BESS-based smoothing; hence, they did not
consider power allocation among several BESS. A suitable
and effective control strategy for large-scale BESS, therefore,
remains an urgent necessity.
In the present study, under the assumptions that the capacities
of the WP and PV hybrid generation system (WPPVGS) and
BESS had already been determined and that we do not have
ability to adjust the WPPVGS output power, a large-scale BESS
was used to smooth the WPPVGS output power fluctuation.
More specifically, Wind/PV/BESS hybrid power generation
system (Fig. 1) along with a state of charge (SOC)-based
smoothing control strategy was utilized to instantaneously
smoothen WP and PV power fluctuations. This was accomplished by modifying smoothed target outputs adaptively and
making flexible use of feedback adjustments of battery SOC in
real-time. The detailed procedure is explained in Section III.
This paper is organized as follows. Section II presents
the modeling of each power source. Section III describes

