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Abstract: Integration of renewable energy 
will become a major issue as renewable 
penetration levels increase, and will need 
new generation support infrastructure; 
Energy storage system provides one solution 
to this issue. Specifically, battery 
technologies offer a wide range of energy 
and power output abilities, making them 
ideal for integration applications. 
Distributed energy storage on distribution 
grids may be required in many areas where 
renewable power generation system will be 
installed. For solar photovoltaic system, an 
energy storage system require when sun 
light is not available or at cloudy weather. 
Battery is used as an energy storage system 
for PV applications [1, 2]. 
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1. Introduction 

Energy storage is already in use in 
many electricity grids. Nearly all present 
energy storage capacity consists of pumped 
hydro storage stations. These require huge 
areas, specific geographical features, and 
large capital investment. As a result, they 
are located centrally and connect directly to 
high capacity, high-voltage transmission 
infrastructure. Small distribution grids and 
weak transmission lines do not directly 
benefit from these large, central storage 
facilities, particularly when the intermittent 
generators are installed near the end of the 
line on such distribution grids. To address 
these issues, smaller distributed storage 
systems are required [4, 5].  
 

There are wide ranges of energy storage 
technology available including several 
battery chemistries, flywheels, compressed 
air, hydrogen, and capacitors. Batteries are 
the focus of this paper, primarily because 
they cover a large range of power and 
energy storage capabilities, are 
unconstrained by geography, suffer low 
parasitic losses, are reasonably efficiency, 
can be distributed across the grid, and are 
modular and scalable. The other 
technologies lack one or more of these 
characteristics that are crucial for distributed 
deployment. The mathematical modeling of 
PV system is shown in [3].Designing of 
filter for inverter system and PLL for grid 
synchronization with grid are described in 
[7, 8] 
 

2. The importance of Energy storage  
 

Energy storage systems will play a 
significant role in the integration of high 
penetration renewable energy sources. 
Before addressing the specific roles, it is 
worthwhile to examine the traditional 
functions energy storage systems have 
played in the conventional electric grid. 
Energy storage systems are already used 
extensively in many countries for 
conventional grid support purposes in a 
variety of applications, with approximately 
2.5%, 10%, and 15% of all electricity being 
cycled through energy storage in the USA, 
Europe, and Japan, respectively [6].  
 

Energy storage used for electricity 
grid services can be broadly grouped into 
three categories, short, medium, and long, 
based on the duration of its charge/discharge 
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cycle. The principal distinction between the 
duration categories is the power and energy 
characteristics required of the storage. The 
short duration category lasts up to one 
minute and is concerned primarily with 
power quality. This category specifies power 
characteristics of the storage. The medium 
duration category spans minutes to hours to 
compensate for the temporal mismatch 
between generation and demand. The 
medium category specifies both power and 
energy characteristics of storage because it 
must respond to changes in 
generation/demand for several minutes or 
more. The long duration category provides 
energy wheeling services over periods of 
hours and days, and as such specifies the 
energy characteristic of the storage [9, 10]. 
 

3. Mathematical modeling of battery 
energy storage system 

 
 

Fig 1 Mathematical modeling of BESS 
 

Battery energy storage system is one 
of the systems used to store electrical 
energy. Battery voltage should be greater 
than DC link voltage. Because DC voltage is 
about to 1150 V in our case, so the battery 
voltage is selected as 1200 V. 

In the given system, battery is able to 
store a power 950 KW of under rated 
conditions and deliver the same to system 
under sudden irradiation change. By 
considering these conditions storage 
capacity of the battery bank is taken as 1 

MW h. Capacity of commercially available 
battery cell is 12 V and 150Ah. For 
accomplish a dc bus voltage should be of 
1150V we have series of battery cells, each 
of 12 V, the battery bank should have 
connects (1150/12) = 96 number of cells in 
series. And the total Ah required is 
(1MW/1150V) =869.56 Ah. Total number 
of sets essential to linked in parallel would 
be (869.56Ah/150Ah) = 5.79 or 6. 

Thevenin’s model is used to describe 
the battery energy storage in which the 
parallel combination of resistance RRbR and 
capacitance CRbR in series with internal 
resistance R and an ideal voltage source of 
voltage 1200 V are used for modeling the 
battery”. The equivalent capacitance “CRbR” is 
given in by [6] 

CRbR= (KWh*3600*1000)/ 0.5(VRocmaxRP

2
P-

VRocminRP

2
P)  

Taking the value of Voc max=960 V, 
Vocmin=940V, and KWh= 1000, the value 
of CRbR obtained is 219512.2 F. 

 

Fig. 2 BESS control block 
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4. Simulation result of the solar 
system without BESS 

 
The purposes of the simulation are to 

study the system behavior under different 
irradiation level. This is a condition that can 
happen when cloud passes and block direct 
sunlight from the sun to PV array. The array 
was subjected to a sudden change in solar 
irradiation from 1000 to 300 W/mP

2
P at t=4 

sec, further change from 300 to 1200 W/mP

2
P 

at t=9sec and again irradiation change from 
1200 to 300 W/mP

2
P at t=14sec and 300 to 

1000 W/mP

2
P at t= 19sec while monitoring the 

DC current and voltage of the PV array and 
the associated power electronics interface as 
shown in the fig 3 (a). 

 

(a) Array power, voltage, duty cycle and 
irradiance 

 

(b) Power at set point B 

 

(c) Grid voltage and current 

Fig 3 Behavior of system under irradiance 
change 

The effect of sudden irradiation level 
changes at different times and has an 
immediate effect on the DC output voltage 
and current as shown in above fig 3. The 
estimated voltage change due to irradiation 
change causing the converter to move the 
operating voltage to a new value that 
corresponded to the new maximum power 
point. Array current, which is heavily 
dependent on solar irradiation level, dropped 
to 310 A its initial value at 1000W/mP

2
P. 

As the input power to the DC link 
capacitor decreased, the inverter controller 
worked on setting a new reference current 
for an inverter to match the output power to 
a new control set point. 
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The switching signal of boost 
converter was monitored to examine its duty 
cycle and switching frequency. In fig 3 (a), 
the duty cycle of the switching signal is 
about 0.5 during the initial transient phase of 
the simulation. The switching frequency is 
set at 5 KHz. During the variable irradiation 
operation phase which is achieved after the 
MPP has been located. This is shown in fig. 
3 (a) where the duty cycle of the converter 
was changes as shown in fig 3.    

The power output of the system at 
set point B is shown in fig 3 (b). After some 
initial transient the power feed to the grid is 
vary according to the irradiation change. 
The grid voltage and current is shown in the 
fig 3 (c).  

5. Simulation result of the solar 
system without BESS 
 

In previous section we discuss the 
simulated result of solar PV system in 
different irradiation conditions; the power 
feed to the grid was changed according to 
the change in irradiation. The system should 
be supply the power when the irradiance 
changes. Modeling of battery energy storage 
system was discuses in earlier chapter.   

The control block sub-system shows 
in fig 2. BESS control system having two 
loops: one for charging the battery within a 
limit and other is for discharging the battery.   

The SOC of the battery is between 
0.5 to 0.9. Soc is 0.5 when the battery is 
discharge and not able to feed the required 
power and when SOC reached at 0.9, means 
now the battery is able to supply the power 
to the grid. 

Fig 2 shows the control system for 
battery energy storage system, which is 
simulated in per unit system.fig shows the 

control signal for circuit breaker block 
which is operates according to the signal. 

 

Fig 4 Irradiation change 

When the irradiation was changes at 
t= 4 sec from 1000W/m2 to 300 W/m2 , the 
battery was start delivering the power and it 
was deliver until the irradiation was change 
and battery was start discharge. In this 
period of discharging the battery, one circuit 
breaker is close and other one is open. After 
the irradiation was change from 300 to 
1200W/m2, the battery was start charging at 
t= 9 sec and this period battery will store 
energy. 

 

Fig 5 Battery current 

 

Fig 6 Battery voltage 

Fig 5 & 6 shows the battery current 
and voltage response while charging and 
discharging. At the time of discharge the 
battery voltage is decrease and current is 
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increase, similarly at charging time battery 
voltage is increase and reach its nominal 
value, while current is also decrease and 
gives constant wave shape until next 
irradiation change takes place. 

6. Conclusion 

In this paper, mathematical model of 
battery and the control system for battery to 
protect from overcharge and discharge. 
BESS was designed and modeled for 1 MW 
solar PV system. Study shows that battery 
energy storage is required to feed the power 
to the system when sun was not present or 
cloudy weather.  
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