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Abstract— Recent trends towards bulk renewable energy
penetration in the power grid have made it essential to have
reserve power in the system to overcome variability and
intermittent nature of renewable energy sources. Battery
energy storage systems (BESS) are vastly utilized for this
purpose but the cost and limited life of batteries limits its
use. In this paper a control strategy for battery energy
storage systems is proposed in which batteries are
discharged based on state of charge and state of health.
Simulations are performed in MATLAB. By implementing
this algorithm load can be shifted small batteries to batteries
with better health and capacity. The results show the
working of algorithm and the selection of batteries based on
set input variable. In this way battery energy storage
systems will have longer lifetime, better efficiency and
economical operation.

Keywords— Battery energy storage systems, State of
charge, Control algorithm, Renewable energy

l. INTRODUCTION

21st century along with its technological advancement
also brought some challenges and climate change is one of
those critical challenges which is drawing a lot of concern
for a sustainable future [1]. Average temperature of earth is
increasing gradually due to increased carbon emissions from
burning of fossil fuels [2]. Also, natural resources of fossil
fuels are depleting with time. To mitigate this problem,

efforts at global level were needed and so an agreement was
signed between 195 United Nations Framework Convention
in Climate Change (UNFCC) members. According to this
agreement the parties will play active role to minimize usage
of fossil fuels to keep the rise of earth temperature within 2°C
[3]. This made it essential to seek other energy sources such
as wind and solar energy. Current share of Renewable
energy is less than 20% and to achieve this target of reducing
global warming this has to increase to 65%[4].

Wind and solar energy sources provide a reliable non
exhaustive substitute for fossil fuels. But there some
challenges associated with it. These energy sources are
variable and do not have constant energy output [5]. Wind
energy is intermittent by nature while solar energy is
available for a limited number of hours per day [6]. Also,
these sources are immediately available and have to be
utilized instantly otherwise the power will waste. To
overcome this challenge reserve power is required and
battery energy storage systems are vastly used for this
purpose [7]. Excess power is storage in the batteries when
the generation is greater than load and is used during peak
load hours.

Although, batteries are very reliable way to store excess
energy but the cost of battery and limited life makes it
difficult to use on large scale [8]. In recent years cost of
batteries is reduced drastically due to research and
development in this sector because of electric vehicles [9].
Large scale implementation of battery energy storage
systems is vastly adapted to increase penetration of
renewable energy is the electric grid [10].
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Figure 1: Trends in utilization of Stationary storage systems and future forecast by region

Figure 1 shows the trends in use of battery storage
systems. It also forecasts that the utilization of battery
technologies may exceed 25000 MW by 2025.

Batteries have limited life cycles and calendar life.
Battery capacity fades with each cycle depending on the
depth of discharge [11]. For same operation DOD for smaller
batteries will be higher than DOD for batteries with higher
capacity. Coordinated control systems can be used to control
this function which transfers the load to BESS with higher
capacity and BESS with lower capacity has lower priority of
operation.

Il.  CONTROL VARIABLES

A. Power Generation and Load

For stable operation of system a balance between power
generated by power plants and the power utilized by the load
should be equal. BESS are added in the system to mitigate
variable output of solar. The sum of power produced by PV,
power utilized by load and power provided or absorbed by
batteries should be equal to zero.
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Pgen+Pbat+Pload=0 (8]

B. Stored Energy

Stroed energy (SE) is the total energy that is available in
battery. It is the product of battery state of charge (SOC),
voltage (Vbat) and the maximum charge storage capacity of
the battery (MC).

SE =Vbat*SOC+MC (2)

Where: SE is the stored energy in the battery at any
instance. MC is the maximum capacity of the battery.

I1l.  CONTROL ALGORITHM

Two sets of algorithm are running for coordinated control of
BESS.

A. BESS Operation Mode Control:
BESS operation mode is decided in the central control.
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Figure 2: Operation mode control algorithm

The system takes the generation and load demand in real
time. This algorithm has three cases given below:

1- If the real time generation is higher than load
demand then a signal to turn on charging of BESS
is generated.

2-  If the real time generation is equal to load demand

then BESS are not operational.

discharge function

¥

3- If the real time generation is less than load demand
then a signal to turn on discharging mode of BESS

is generated.

B. Discharge Control:

Discharge function in the algorithm is called when the
central control detects that power deficit between generation
and load.
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Figure 3: Discharge function flow diagram
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IV. SYSTEM DESIGN FOR SIMULATION

Discharge function takes the battery parameters as input, A test system is designed in SIMULINK to implement
calculates the energy stored in each battery and turns on the proposed algorithm. Fig. 4 shows the Simulink model of
BESS one by one based on priority of their stored energy. test system and Fig. 6 shows the block diagram of test

system. It consists of a solar power plant, three battery
energy storage systems, dynamic load and a control center to
monitor and control the system.
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Figure 4: Simulink model of test system
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Figure 5: Block diagram of test system
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A. Solar Power Plant

Solar power plant modeled in the test system is 100 KW.
Input temperature and irradiance can be controlled by using

sample data curves. Incremental conductance MPPT
technique is used with integral regulator for reliable
operation. A solar inverter is connected to the output to PV
panels which converts the DC voltage to three phase AC
voltage.
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Figure 6: 100KW PV plant simulink model

Fig. 6 shows the simulink model of PV plant developed
in the test system. MPPT controller controls the pulses for
boost controller at the output of solar panel to regulate DC
voltage.

B. Battery Energy Storage System

Battery energy storage system as shown in Fig. 7 a
battery is connected to an ideal switch which controls the
SOC limits of the battery. It is then connected to a
bidirectional controller which is controlled centrally by
coordinated control.
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Figure 7: Battery energy storage system Simulink model
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C. Dynamic Load Module

Fig. 8 represents the simulink model of dynamic load in
the test system. Active and reactive power of load can be
controlled by input load curves.
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V. RESULTS:

Simulations are performed for different cases with initial
parameters such as SOC and battery capacity in AH are
given below:

e SOC1=S0OC2=S0C 3=80%
e BESS1=10 AH BESS 2=20 AH BESS 3=8 AH
e Inverter rating: 15 KVA

Under different load and generation conditions different
results are obtained. Output consists of 4 curves. Operation
mode is “1” when discharge operation is required and is “0”
when charging operation is required. BESS 1 to BESS 3
represent if that specific BESS is operation or not. “1”
represents it is operational and “0” represents it is idle.

A. Case 1: Charging

In this case PV generation is 50KW and load is 20KW,
thus there is excess power in the system. Fig. 9 shows the the
output of the system. Here operation mode is “0” indicating
charging mode of bidirectional converters. All three of BESS
are at level “1” indicating that these are operational and
absorbing excess power from the system.
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Figure 9: Simulation output for case 1

B. Case 2: No BESS operation

In this case PV generation is 20KW and load is 20KW
thus no battery operation is required. Fig. 10 shows the
output of the system. Here operation mode is “0” indicating
charging mode of bidirectional converters. All three of BESS
are at level “0” indicating that these are disconnected from
the system.
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Figure 10: Simulation output for case 2

C. Case 3: Discharging operation

In this case PV generation is 20KW and load is 30KW,
thus power is required from BESS. Fig. 11 shows the output
of the system. Here operation mode is “1” indicating
discharging mode of bidirectional converters. Only BESS 1
is operational because it has more stored charge due to
higher capacity and same SOC level as other BESS. In this
case only one inverter is enough to supply power to the load
i.e. 10 KW,

Figure 11: Simulation output for discharging one BESS

Similarly, when the generation is set to 10KW and load
is 30 KW. Two inverters will be operational to supply power
to load. BESS 1 and 2 have higher capacity then BESS 3 so
they are turned on in discharging mode as shown in Fig. 12.
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Figure 12: Simulation output for discharging two BESS

When load is further increased to 40KW and generation
is kept at 10KW then all three inverters will turn on in
discharging mode as shown in Fig 13.

Figure 13: Simulation output for discharging three BESS

CONCUSLION

Battery energy storage systems provide an effective way
to mitigate the variability of renewable energy. By using
intelligent control algorithms battery lifetime and efficiency
of the system can be achieved. In this paper the proposed
algorithm for the selection of battery operation based on
stored energy and maximum capacity. This algorithm can be
implemented in systems with distributed battery energy
storage systems. It has been shown that the proposed
algorithm is effectively selecting the batteries operation
mode based on system parameters and discharging batteries
with higher stored energy on priority. By doing so depth of
discharge for batteries can be controlled thus utilizes the
limited lifecycles more efficiently.
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