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Battery Energy Storage System for Large Scale Penetration of
Renewable Energy Sources

Abstract. Battery energy storage system (BESS) plays a dominant role in large scale penetration of renewable energy sources into the grid. They
help in a better match between the demand- supply during standalone mode and the grid connected mode. In this paper, the authors proposed a new
approach for improving the availability of the solar generation by using BESS during the period of intermittency. The BESS supports the grid during
intermittency by an amount of power, which has been promised by the operator. Thus, whatever the operator bids will be supplied to the grid either
using renewable energy generation or if not available, then BESS will support the grid. The paper also discusses the role of BESS for smoothing of PV
power. Matlab software is used for all the simulation experiments.

Streszczenie. Bateryjny system magazynowania energii (BESS) odgrywa dominujgcg role w przenikaniu na duzg skale odnawialnych Zrddet energii do
sieci. Pomagaja w lepszym dopasowaniu popytu do podazy w trybie autonomicznym i trybie podfaczonym do sieci. W artykule autorzy zaproponowali
nowe podejscie do poprawy dostepnosci generacji stonecznej poprzez wykorzystanie BESS w okresie nieciagtosci. BESS wspiera sie¢ w przerwach w
ilosci mocy, ktdra obiecat operator. Tak wiec niezaleZnie od tego, co operator zaoferuje, zostanie dostarczone do sieci za pomoca wytwarzania energii
odnawialnej lub jesli nie bedzie dostepne, wéwczas BESS bedzie wspierac sie¢. W artykule oméwiono réwniez role BESS w wygtadzaniu mocy PV.
Do wszystkich eksperymentow symulacyjnych wykorzystywane jest oprogramowanie Matlab.(Akumulatorowy system magazynowania energii do

penetracji Odnawialnych Zrédet Energii na duza skalg)
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Introduction

Renewable energy growth and development has now be-
come a basic requirement for growth of a country [1], [2], [3]-
For a better environment, renewable energy is seen as a re-
placement for conventional fossil fuel based generation. Al-
though, there has been a lot of work in the field of renewable
energy however, there are still various reasons because of
which renewable energy still shares a very small amount of
energy with respect to the total energy generation [4]. The
renewable energy sources, such as wind, solar, biomass,
ocean etc may work in standalone as well as grid connected
mode. The major issue with these sources is the intermittent
nature of these sources [5], [6]. They are basically dependent
upon environmental conditions such as availability of sun,
wind and temperature, pressure etc. When there is a cloudy
condition the sun is not available and solar energy genera-
tion may go down, sometimes even to zero. The surety of
power to consumers is one of the basic requirements for en-
ergy system operators [7]. To deal with the intermittency na-
ture of these renewable sources, battery energy storage sys-
tems (BESS) are used in various power stations [8], [9], [10],
[11]. However, BESS has its own advantages and disadvan-
tages. BESS may help in providing the power to consumers
during intermittency; however it is sometimes not capable of
transients arising during the switching conditions [12], [13],
[14], [15]. And BESS are also very expensive and have high
installation costs [16], [17]. In grid connected mode, BESS
may not be needed as whatever the deficit power is, it may
be fed by the grid.

However in the present scenario, the grid also pos-
sesses stringent grid codes and one of them is the surety
of power which is being promised by a private operator dur-
ing bidding [2], [18], [19]. Thus, BESS now becomes impor-
tant in grid connected mode also as during intermittency it
may have to provide the power to grid in order to fully fill the
amount of power which is being promised during competitive
bidding. Since, BESS is now an integral part of renewable en-
ergy generation in both grid connected and standalone mode,
its sizing and analysis based on the capacity of the plant is
an area of research [20], [21], [22].

In this paper, a new approach is proposed for improving
the availability of the solar generation by using BESS dur-
ing the period of intermittency. The BESS supports the grid

during intermittency by an amount of power, which has been
promised by the operator. Thus, whatever the operator bids
that will be supplied to the grid either using renewable en-
ergy generation or if not available, then BESS will support.
The paper also discusses the role of BESS for smoothing of
PV power. The simulation work is done in MATLAB. In this
paper, Section — Il discusses the proposed energy manage-
ment for grid scale application of BESS. Section -lll discuss
the test system undertaken. Section IV presents the results
and discussions. Section - V concludes the paper.

Energy Management for Grid Scale Application of BESS

The microgrid concept is introduced to have a self-
sustained system consisting of distributed energy resources
that can also operate in an islanded mode during grid failures.
Thus, the energy management system (EMS) may serve a
variety of purpose depending upon the application of BESS
during the grid connected and stanalone mode of opera-
tion such as power smoothing, power quality improvement,
matching supply and demand, supplying energy to grid if bid
power is greater than generation etc. Over the last decade,
EMS have been researched considering various perspec-
tives and have attracted the attention of researchers. EMSs
have been classified into four categories as shown in Fig.1
based on the kind of the reserve system being used, includ-
ing non-renewable, ESS, demand-side management (DSM)
and hybrid systems.

The proposed energy management system coordinates
with the renewable energy generation, BESS, local load and
power grid. It assumes that every individual plant has some
onsite local load. Thus, the generating station is responsi-
ble for feeding the local load. This is done by feeding the
load either from generation done by RES or if not available
then the load will be fed by the battery. Thus, the generating
plant has three functions (i) feeding the local load (ii) charg-
ing of BESS and (iii) selling surplus power to the grid. The
energy management scheme considers the generation which
is equal to the total local load rated capacity, as the power ei-
ther used for feeding the load or if the load is less the its peak
value then the rest of the power is utilised for charging the
battery. Thus, whatever power is more than the rated local
load capacity is considered as surplus power which may be
sold to grid. An operator bids the power to be supplied to
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Fig. 1. Energy Management for Grid Scale Application of BESS
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the grid on the basis of either predictions based on weather
conditions or old trend of the generation. Its not necessary
that the generation matches the bid power. Sometimes the
generation may be higher and sometimes it be lower than the
total generation. When the generation is higher than the bid
power that power may also be used for charging of BESS,
however, when the power is less than the bid power the bat-
tery is utilised to match the bid power. This, helps in main-
taining the surety of power being promised by an operator.
The proposed scheme is presented in the flowchart shown in
Fig.2. When the system is in standalone mode, the gener-
ated power is utilised to feed the load and remaining surplus
power is utilised to charge the battery. In case, the gener-
ated power is less than the load power, the battery support to
handle the deficit power by feeding the load.

In this paper, a single unit of BESS and RES is im-
plemented along with local load, which is in grid connected
mode. Simulations are performed for standalone and grid
connected mode both. The scheme is proposed for one such
unit of microgrid, which may be easily extended for multiple
microgird by using a battery energy management system as
showin in Fig.3. Centralized BMS architecture has one cen-
tral BMS in the BESS as hwon in Fig.3. All the battery pack-
ages are connected to the central BMS directly. The central-
ized BMS has some advantages. First, it is more compact.
Second, the centralized BMS solution is the most economi-
cal since there is only one BMS. The main goal of BMS is to
keep the battery within the safety operation region in terms
of voltage, current, and temperature during the charge, the
discharge, and in certain cases at open circuit. In this way,
the battery will serve the application as long as possible in
the most predictable way without creating any threat menac-
ing the energy system and the nearby people (inhabitants,
staff, maintenance, etc.). This part of BMS may be referred
as charge and discharge management. Additionally, BMS

Battery

Management

System

1]

Fig. 3. Battery Management System

may analyze the battery behavior in a continuous or periodic
manner transforming the monitored parameters into battery
state data which are fed to the upper system level or are di-
rectly used to control the charge and the discharge processes
on a feedback principle. The upper system level can be the
battery user itself (like a driver of an electric car) or a soft-
ware/hardware configuration controlling the energy system.
Depending on the obtained battery state data, the user can
choose and execute a given decision which can be reduced
often to a simple termination or restart of the charge or the
discharge process.

Test System Description

A small hybrid test microgrid is stimulated using MAT-
LAB simulink platform, the test system model is shown in Fig.
4. The microgrid is composed of a 60 kW PV source using
inbuilt 60kW Pv array SunPower SPR-305E-WHT-D module
with 3 series module and 66 parallel strings. The solar PV
characteristics for on module is shown in Fig. 5 and that for
PV array having with 3 series module and 66 parallel strings
is shown in Fig. 6. This PV module is connected to DC bus
via a boost converter. PV generation is maximised with the
help of maximum power points tracking (MPPT) at particu-
lar voltage for different values of irradiance and temperature.
Incremental conductance based MPPT is applied to max-
imise the output power of PV module for a set of temperature
and irradiance. In this method, the desired maximum power
point depends upon the instantaneous conductance and in-
cremental conductance. It is the point where the two values.
Thus, this method measures the two conductance and com-
pares them to track the point of maximum power, so when the
two become equal, the solar PV operates at maximum power
point. The algorithm tries to maintain the same during the
operation. This algorithm is based on the observation that at
the maximum power point, change in power with respect to
the change in voltage is equal to zero. Thus, this PV mod-
ule is connected to 1kV dc bus, from where it is connected to
grid with the help of a two level voltage source converter. The
output of two level voltage source converter is fed to a 20kW
three-phase dynamic AC onsite local load. The PV module is
also supported by a 250V, 500Ah battery module having an
initial state of charge (SoC) = 30, which is also connected to
the DC bus through a current controlled bidirectional DC/DC
converter. The bi-directional converter help in two way flow
of power. The nominal current discharge characteristics of
the battery module at 0.2degC for a current of 20A, 50A and
100A is shown in Fig.7.

BESS plays an important role in energy management
of microgrid in both the operation mode. During standalone
mode its role is only to charge and discharge itself when-
ever there is any difference in generated power and load
power. The surplus power generated during off peak hours is
utilised to charge the BESS. While, during peak load hours,
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the BESS supports the microgrid by feeding the load utilising
the stored energy. This balance needs to be made in order to
maintain the voltage and frequency within the specified limits.
During standalone operation, all the priority loads need to be
served all the time. In the absence of storage device, load
shedding is the only option. So to avoid load shedding bat-
tery is placed in the microgrid along with its control system.
The decision of distinguishing between the priority of different
loads is to be made judiciously by implementing proper con-
trol algorithm. In grid connected mode, the BESS now has
many functions, like feeding the deficit amount of bid power
to grid, smoothing of power and ramp rate control etc. In this
paper, the test hybrid AC/DC test microgrid is connected to
grid via a three phase circuit breaker as shown in Fig.4. The
hybrid AC/DC test microgrid has the capability of operation in
grid connected as well as standalone mode.
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Fig. 7. Battery Characteristics

Results and Discussions

The hybrid AC/DC test microgrid which is shown in Fig.
4 is operated in both standalone mode and grid connected
mode. The algorithm for energy management in both the
grid connected an standalone mode of operation is shown
in Fig.2. The microgrid is successfully operated in both the
mode. the battery module is supporting not only during the
standalone mode but also in grid connected mode whenever
the bid power is more than the PV generation. The results
and specific observations are presented and discussed in the
next subsections, respectively.

0.1 Standalone Mode of Operation

The test microgrid shown in Fig.4 is run for 4s and various
characteristics are obtained. The Fig.8, presents the charac-
teristics at the output of PV module, the variation in PV array
current, voltage and power with respect to variation in irra-
diance, respectively. Initially at t=1s, the irradiance is set to
OKW/mQ, hence the current, voltage and power are found
to be 0. At t= 1.5s, irradiance starts increasing, PV array
current and PV power follows the same pattern as that of ir-
radiance and hence, starts increasing.

At t=2.5s, irradiance is highest and hence, the PV array
current and the corresponding PV array power reaches their
highest value with respect to the irradiance pattern. Irradi-
ance values decreases after t=2.5s, which is followed by PV
array current and PV array power, while the PV array voltage
is found to be almost constant at the output of PV module.
The output of the battery module is shown in 9, depicts the
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state of charge (SOC), voltage, current and power of the bat-
tery, respectively. Initially at t=1s, battery current and power
are zero, so a constant voltage is maintained while the SOC
of battery is 29.999 percent. Now, at t=1.3s, load is switched
on while PV power is zero, battery starts feeding the load.
So, the battery current and power starts increasing while its
state of charge and voltage starts decreasing. At t=2s, PV
generates power almost equal to the load power, so there is
no need for the battery to serve the load. Hence, the battery
current and power becomes zero while the SOC and voltage
of battery becomes constant. Now, after 2.1s, the excess
amount of power generated by PV is used to charge the bat-
tery, hence the battery current and power increases in the
negative direction (showing charging of battery) while SOC of
the battery starts increasing and voltage is maintained at the
initial voltage level. Again, at t=2.9s, the load is switched off,
the battery gets more power to get charged which is shown
by further increase in the battery current and power in the
negative direction and the SOC of the battery in positive di-
rection while the battery voltage is maintained at a constant
value. Now when the PV power becomes zero, battery cur-

2.5 3 3.5 4
Time [s]

rent and power are brought back to zero while SOC of the
battery and its voltage are constant.

The PV generated power for various irradiance values,
the corresponding response of the battery and load power is
shown in Fig.10. At t=1s, the total load is fed by the battery
as there is no generation by the PV module. At t=1.4s, load
switching is done and load power is increased. The battery
starts delivering more power to the load, while PV also starts
generating power. Battery continues to feed the load along
with the PV till the generated PV power becomes equal to
the required load power. At t=2.2s, battery stops feeding the
load, rather it starts charging by the excess amount of power
generated by the PV. At t=2.7s PV power starts decreasing,
so battery starts feeding the load. At t=2.9s, PV is capable of
generating the power required by the load and starts charging
the battery with the excess amount of power generated. At
t=3s the load is switched to 0, the battery continues to get
charged till the PV stops generating power. Thus the battery
supports the PV generation by discharging and charges itself
when the generation is in excess. The energy management
works well for standalone mode of operation.
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Fig. 11. Result of a 60kW solar PV plant
0.2 Grid Connected Mode of Operation

Fig.11 shows the result of a 60kW power station. Fig.11a
shows the power generated by the PV during a day and the
power to be used on site for local purpose. Fig.11b shows the
local load power demand. Thus, PV generation minus the lo-
cal load demand gives the surplus PV power which may be
supplied to grid. The operator bids the power to be supplied
to grid as shown in Fig.11c with a blue curve. Thus the dif-
ference in bid power and PV generated power may find as
shown in Fig.11d.

The proposed BESS energy management works on the
concept that a total 20kW PV generated power will be utilised
for local onsite purpose rest is sent to grid. This means that
PV power feeds the local local and whatever the deficit power
is, it will be fed by BESS. In case, PV power is available
and load is less than 20kW, whatever power is available after
feeding load is utilised for charging the BESS. Fig.11e shows
that the BESS feeds the load during non-availability of PV
power, however it also feeds the grid if the bid power is more

92

than PV generation. In case of availability of PV power af-
ter feeding local load, the BESS is being charged by the PV
power.

0.3 PV Power Smoothing

The BESS may also play an important role in grid connected
mode of operation, which is smoothing of output PV power by
balancing the sharp variation in the PV generation. The so-
lar generation is fluctuating or intermittent in nature and may
vary with respect to change in the irradiance pattern. A mov-
ing average filter is employed for power smoothing purpose
and to obtain the power value which must be supported by
the BESS. Fig.12 shows the irradiance pattern received the
solar module. The respective smoothing of power is done
using BESS as shown in Fig.13.

Conclusion
A new approach is proposed and successfully imple-
mented for improving the availability of the power to con-
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sumer by using BESS during the period of intermittency of
solar power. The BESS supports the grid during intermit-
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Fig. 13. Smoothing of power using BESS

tency by an amount of power, which has been promised by
the operator. The paper successfully implements an hybrid
AC/DC test microgrid, which has the capability of working in
grid connected as well as in grid connected mode. The power
management algorithm is so designed that BESS has utiliza-
tion in both the modes of operation. Various test scenario
have been successfully implemented and it is shown that the
proposed algorithm works well in both the modes of opera-
tions.
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