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Abstract— Standalone microgrids are becoming
increasingly important in managing energy supply and
demand, especially in remote or isolated areas. These
systems operate independently from the main power grid,
providing a reliable source of electricity to communities
that do not have access to traditional energy infrastructure.
One solution offered is the use of peak shaving techniques
with Battery Energy Storage Systems (BESS), which store
excess energy during low demand periods and release it
during peak consumption times. This method helps to
stabilize microgrid operations, reduce reliance on backup
generators, save operational costs, and reduce greenhouse
gas emissions. Simulations were conducted using
MATLAB software to optimize energy usage. The
simulation results show that the use of BESS can reduce
peak load and increase the efficiency of renewable energy
used in the microgrid system. The analysis data shows that
the peak load before the use of BESS is 112.00 kW, and
remains the same after the use of BESS. The total
renewable energy used was 590.00 kWh, with the energy
stored in the BESS amounting to 43.99 kWh.
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I Introduction

Standalone  microgrids are  becoming
increasingly important in managing energy
supply and demand, especially in remote or
isolated areas [1, 2]. These systems operate
independently from the main power grid,
providing a reliable source of electricity to
communities that do not have access to traditional
energy infrastructure [3, 4]. The main challenges
faced are the management of energy costs and the
balance between energy generation and
consumption [5].

Peak shaving using Battery Energy Storage
Systems (BESS) offers a solution by storing
excess energy during low demand periods and
releasing it during peak consumption times [6, 7].
This helps to stabilize microgrid operations,
reduce reliance on backup generators, save

operational costs, and reduce greenhouse gas
emissions [8].

The Peak Shaving method provides significant
economic benefits, reduces the need for
additional generation capacity, and improves the
economic sustainability of standalone microgrids.
This is important for communities with limited
financial resources. Integration of renewable
energy sources with BESS can further enhance
energy independence and economic sustainability
[9, 10].

Operationally, this method improves
microgrid reliability and resilience by ensuring
consistent energy supply, reducing the risk of
blackouts, and increasing flexibility in adapting to
changes in energy demand. As such, the Peak
Shaving method is becoming increasingly
important in optimizing the performance of
standalone microgrids, making it a more efficient
and environmentally friendly solution towards a
more sustainable and reliable energy future [11].

1. Literature Review

A. Energy Storage Systems

Electrical energy is now becoming the
backbone of every country as it directly helps to
enhance economic growth through several
applications in the national grid. The
development of any industrial infrastructure is
directly associated with the availability of
electrical energy and due to this growing
industrial infrastructure, the electricity demand is
also increasing. As per the hike in demand for
electrical energy, there is a need to enhance the
generation,  transmission, and distribution
network capacity. Initially, the basic objective of
the power system network was to generate
electrical power in a remote area (due to natural
resource availability and pollution issues),
transmit this electrical power from a remote area
to the load center by high voltage transmission
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lines and finally distribute the power as per
customers’ required voltage level [12].

The majority of the share of electrical energy
comes from traditional/ conventional fossil fuel-
based energy sources. These sources contribute to
environmental pollution and greenhouse gases
emission. Due to the depletion of fossil fuels,
their non-availability in each country, and
environmental concerns, an alternate source of
energy is needed. So, nowadays, the focus on
renewable energy resources/sources (RERs/RES)
is more available across the globe. With the new
policies, small power producers and renewable
energy generation have been encouraged to meet
the energy demand. In this case, the renewable
generation can be much closer to the load and
named as distributed generation. It saves the
transmission resources, as well as losses, which
are very less. Figure 1 shows the concept of
distributed generation (DG) in modern power
systems [13].

Residential Sector Loa

Industrial Sector Load

<«——> Bidirectional Flow

~——> Undirectional Flow

Figure 1. Distributed generation in power system

The application of energy storage systems
(ESSs) has been identified as a possible solution
to compensate for the challenges faced by the
modern electric power system. ESSs are in urgent
demand by the conventional power generation
industry, DERs, and intermittent renewable
energy supply systems as they can offer required
ancillary support and flexibility to them. Energy
storage does not mean just the energy sources but
they also provide the added benefits of improving
reliability, stability, and also the quality of the
power supply [14]. They are suitable for large
(GW), medium (MW), or micro (kW) scale
applications of the electric power system,
depending on the task and requirement. They can
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be utilized for power demand balance, energy
arbitrage, and reserve at the generation side; for
investment deferral and frequency regulation at
transmission level; for grid capacity support and
voltage control at the distribution side; and for
cost management and for peak shaving, etc., at
the customer-side [15].

In AC power systems, the electrical energy
cannot be stored electrically. However, the AC
energy can be stored by converting it into other
energy forms such as kinetic, electromagnetic,
electrochemical, or potential energy. Thus, a
power conversion unit (PCU) is usually required
by every energy storage technology to import
electricity from the power grid and convert into a
form that could be stored. The PCU converts it
back to electricity during hours of peak demand
9or as when needed. Figure 2 demonstrates the
main compo nents of the ESS [16].

Control System

Electrical Storage

N 1k Interface

Discharging
System

Figure 2. Main components of an ESS

A. Significance of Storage Technologies in
Renewable Integration

The viability of commercial-scale storage
systems increases with the drop in technological
prices and incentives to renewable energies being
fed to the electricity grid. Access, cost, and
quality are issues in rural areas where
agribusiness has major consumption and affect
the economy of many countries [17].

The great economic relevance of agriculture is
paramount in devel oping countries like Brazil,
given the consequence of the wealth of natural
resources, availability of area, and favorable
climate. Assessing that in rural areas, access to
the use of the electricity grid as an economic
advantage is fundamental in terms of energy
storage. The supply for buildings in urban areas
has different patterns in contrast to the energy
supply in rural areas [18].

In view of this, the agribusiness is extremely
intense in energy, deciding a significant portion
of its production costs. In addition to dealing with
more distant regions, rural producers often suffer
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from a deficiency in the electrical structure such
as poor quality or even a lack of energy. In
general, a diesel generator is used to supply the
need of power in rural areas, but they are
expensive and harmful to the environment.
Therefore, photovoltaic energy stands out as the
best solution in this scenario [19].

This energy (solar photovoltaic energy) is
“treated” by a device called an inverter, making it
possible to use it to power any electrical
equipment [20]. Analyzing solar energy more
specifically, it is captured by means of solar cells
that capture some wavelengths of solar radiation,
that is, the solar rays when they reach the
photovoltaic cells of a solar module and cause a
reaction on an atomic scale, called photons
(energy present in the sun’s rays). When they
collide with silicon electrons there is the
generation of electricity and consequently an
electric current [21].

Even in places with more moderate climates,
or with most of the weather cloudy and covered
by clouds, solar radiation can still be a source of
energy. Solar electricity is one of the cleanest,
most abundant, sustainable, and renewable
sources in the world. Among the advantages of a
solar- powered storage system, in addition to
economy and sustainability, reliability is greater
in the electrical system. Considering the
possibility of its use in conjunction with other
equipment, such as storage devices, gives greater
stability to the electrical network, and can even
supply part of the electrical consumption when
there is a failure in the distribution network [22-
24]. The electricity generated by solar energy
does not cause noise pol lution and carbon
emission [25].

Even in the midst of so many benefits, it is
important to point out that wind and solar sources
are not able to supply the needed energy in the
necessary volumes or at the desired time always,
requiring energy storage technologies. This
makes it necessary to combine these efficient
systems with other heat and electricity storage
technologies, resulting in a significant increase in
total energy storage compared to the separate
implementation. Through an infrastructure
connected to the electric grid the energy industry
can overcome the interruption challenges [26,
27].
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B. Battery Energy Storage System

Battery Energy Storage Systems (BESS) is a
system consisting of a battery, a power
conversion system, and a battery management
system (BMS). The BESS has the fastest
response time among all energy storage systems,
making it essential in coping with power, voltage,
and frequency variations. A BESS serves several
purposes, such as meeting peak power demand,
improving grid stability, power quality, and
balancing, and mitigating the effects of erratic
energy sources [28].

In a Battery Energy Storage System (BESS)
system, the maximum and minimum energy
stored refers to the highest and lowest State of
Charge (SoC) achieved by the battery during
operation or simulation. SoC (%) is an indicator
of the remaining energy capacity in the battery
relative to its total capacity. Capacity of a battery
is affected by battery configuration, back-up
period, temperature, battery lifetime, depth of
discharge and renewable energy sources, etc.
Detailed modeling of BESS is presented
considering charge/ discharge limits, depth of
discharge (DOD), efficiency and battery lifetime.
Power charging/discharging of battery is
expressed in equation.

(1)

Emax = S0Cnax X Cpgss

Emin = S0Cpmin X Cpgss (2)

Where:

Eax= Maximum energy stored (kWh)

S0C 4= Maximum State of Charge (% or
decimal)

Epmin = Minimum energy stored (kWh)
S0Cin = Minimum state of charge (% or
decimal)

Cprss= Battery total capacity (kWh)

C. Standalone Microgrid

Standalone microgrids enable independent
operation without relying on the main power grid.
The system integrates various distributed energy
resources (DERs) such as solar panels, wind
turbines, and energy storage systems, to provide
reliable and efficient electricity, especially in
remote areas or outside the traditional power grid.
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Microgrids are small electrical systems that can
operate either on-grid or off-grid in islanding
mode. Microgrids improve energy reliability,
operational efficiency, and enable the use of
renewable energy such as solar PV, wind
turbines, and storage batteries. These capabilities
make microgrids versatile and able to adapt to
varying energy demand and supply conditions.
The major benefits of micro-grids are increased
power reliability, reduced utility costs and
improved economic competitiveness, reduced
greenhouse gas emissions, lowered transmission
and distribution losses and capable of operating
on renewable or non-renewable resources.

D. Applications and Benefits of Energy
Storage Systems in the Microgrid System

The variability and intermittent nature of RES
cause instability of the grid. The distribution
generation offers additional opportunities for
small-scale to large-scale energy storage systems.
BESS is an effective tool to overcome the above
problems; it enables optimal integration of
renewable energy sources and ensures grid
balancing and reliability. Moreover, significant
economic benefits can also be obtained by
incorporating BESS along with high-scale solar
and wind farms. For small-scale systems like
solar on a residential rooftop, substation and other
buildings rooftop applications, using BESS
electricity is stored during high PV production
and dispatched to cater to load demand in an
economic way during non-production time [29,
30].

Standalone microgrids enable independent
operation without relying on the main power grid.
The system integrates various distributed energy
resources (DERs) such as solar panels, wind
turbines, and energy storage systems, to provide
reliable and efficient electricity, especially in
remote areas or outside the traditional power grid
(31, 32].

Microgrids are small electrical systems that can
operate either on-grid or off-grid in islanding
mode. Microgrids improve energy reliability,
operational efficiency, and enable the use of
renewable energy such as solar PV, wind
turbines, and storage batteries. These capabilities
make microgrids versatile and able to adapt to
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varying energy demand and supply conditions
[32].

The major benefits of micro-grids are: increased
power reliability, reduced utility costs and
improved economic competitiveness, reduced
greenhouse gas emissions, lowered transmission
and distribution losses and capable of operating
on renewable or non-renewable resources [29].

. Research Methods

This research begins with data collection related
to the daily load profile, power generated by the
solar power plant, as well as BESS parameters
such as storage capacity and SoC minimum limit.
The data is analyzed to calculate Net Load, which
is the difference between user load and available
renewable power. Next, a Peak Shaving
Operation simulation is performed to optimize
energy usage as shown at
Figure 3. If there is a surplus of power from the
solar plant, the energy will be stored in the BESS,
while during peak load, the BESS will release
power to stabilize the system.

Caleulate the Cost of Electric Energy Usage
using BESS (Rp)

Calculate System Net Power
[Netload-LoadProfile - Renewable Profile]

Simulate Peak Shaving Operation

Figure Graph of load profile before and after the
use of BESS and Graph of RE and BESS Usage

NetLoad(t) > Threshold <
minSOC BESS?

Figure 3. Flowchart of Research Procedures

Afterwards, the system calculates the cost of
energy consumption and evaluates the load
changes before and after BESS integration. The
simulation results are visualized in the form of
graphs to show the effectiveness of BESS in
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reducing peak load and increasing renewable
energy efficiency. Finally, data analysis is
performed to evaluate the overall system
performance and determine the optimal energy
management strategy.

1v. Result and Discussion

On the basis of the information that is presented
in Tables 1 and 2, we are able to determine the

connection that exists between the maximum
Table 1. Data On Energy Generated By PV PLTS

daily load and the maximum amount of energy
that is produced by the solar power plant. Data on
the amount of electricity produced by the
photovoltaic plant is presented in Table 1, while
the daily load profile is presented in Table 2. Day
V saw the highest daily load recorded at 1014
kW, while day III saw the highest energy
generated by the PV system at 1558 kW. Both of
these figures were reported on day V.
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Energy Generated by PV [kW] Ave.
Day
11234567 8 9 (10| 11 12 | 13 |14 | 15|16 | 17 | 18 | 19| 20 | 21 | 22 | 23 | 24
I 0/{0|0|0O|O|O|5|10]|15|45| 8 |100| 110|958 60|35 0| 0] O] O] O ]| OO/ 635
mj|{0{0[{0[|0|0|O0|6|12]|32|42| 8 |150|105|8 (563423, 0| 0| O] 0| O ]| O] O]/ 625
o |0y 0[{0|0(0|0|7 |28 |42| 56| 195|250 |210 (8 |[65(43(32| 0| 0| 0O O0]| O] O0]1014
IV.{0[0|O0O|O0O|O0O]|O0O|8| 16|34 |45 | 140 |155|145|67 |56 42|32 0| O[O0} O | O] O/ 0] 740
V {0]0[0]0[0]|0|9| 18|43 | 55| 18 | 220|195 (8 |5(43|22| 0| 0| 0| 0] 0] 0] 0] 933
VI [0{0|0]0]|O0O[0|4]| 13|34 |43 | 155 |195|145|76 |54 (44 (21| 0| 0| O] O] O | O] O] 784
v ([0[0|O0|O0|O0O]|O|S5] 15|23 |33 | 110 |135(120| 65|56 |34|21 0] 0| 0] 0] 0] O0]| 0] 617
Table 2. Data Loadprofile
Hourly Load Profile [kW] Ave.
Day
2 1314|516 7|89 101112131415 16 | 17 | 18 |19 20|21 |22 |23 |24
I 5110151202530 (35|40 (45|50 (5560 (65|70 75| 8 | 8 | 75 |70 | 65|60 | 55|45 |40 | 1175
I [(6]12)18|24 30|36 |42|48 52|60 |66 | 72|78 |84 |9 | 96 | 106 | 96 | 90 | 84 | 78 | 72 | 66 | 60 | 1466
o |31 6 | 9 |12 15|18 |21 |24 |27 (30|33 |36|39|42|45| 48 | 95 | 48 | 45|42 |39|36|33|30]| 776
IV 71421 |28 |35|42 |48 |49 |56|63 |70 | 77 |8 |91 |98 | 105 | 112 | 105 | 98 | 91 | 84 | 77 | 70 | 63 | 1588
V | 4] 8 |12]16]20 |24 |28 3236|400 |44 |48 |52|56|60| 64 | 68 | 64 | 60 | 56 | 52 | 48 | 44 | 40 | 976
VI |2 6 |10 |14 18|22 (26|40 |44 |48 | 5256|160 |64 |68 | 72 | 76 | 72 | 68 | 64 | 60 | 56 | 52 | 48 | 1098
VII | 8121620 |24 |26|30|34|38|42|46|50 |54 |58 62| 66 | 70 | 66 | 62 | 58 | 54 | 50 | 46 | 42 | 1034
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The author employs the maximum column in Tables 1
and 2 as the data source for the analysis. The author
employs the maximum column in Tables 1 and 2 as
the data source for the analysis. Maximum value is
the energy value throughout a single cycle of
operation of the solar power plant. The peak
shaving value of the system will be determined by
simulating this maximum value.

This data is used to perform simulations in
MATLAB to obtain the value of Peak Load Before
and After BESS, Total Renewable Energy Used,
Energy Stored in BESS, and Energy Wasted from
BESS. From the simulation results, the value is
obtained Peak Load Before BESS was 112.00 kW,
Peak Load After BESS was 112.00 kW. Total
Renewable Energy Used was 590.00 kWh, Energy
Stored in BESS was 43.99 kWh, and Energy
Discharged from BESS was -0.00 kWh.

A. Load Profile before and
integration

The energy generated by the PLTS Perumda
Mappatuwo is detailed in Error! Reference source
not found., while the load data handled by the
PLTS system is presented in Table 2. The total
energy generated by the system to supply energy in
accordance with the load requirements stated in
Table 2 is reported in Error! Reference source not
found.. Consequently, this research does not
employ two distinct types of load profiles in a
single system.

120 T

after BESS

100 [

80 [

60 [

Load (KW)

40

20

Original Load
= = = Modified Load with BESS
T

0

. . T
0 5 10 15 20 25
Time (Hours)

Figure 4. Curve Load profile before and after BESS
integration

The variation in electrical load over time is
indicated in Figure 4, which uses a comparison
between the initial load, which is represented by the
blue line, and the modified load (depicted by the red
dashed line). The peak shaving strategy is a strategy
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that aims to reduce peak electricity demand
during high-load periods in order to improve the
efficiency of the power system and optimize
energy consumption. The graph illustrates the
implementation of the peak shaving strategy,
which is a strategy that aims to reduce peak
electricity demand. Within the framework of
energy management, this technique is currently
being put into operation.

The graph indicates that the electrical load
gradually increases until it reaches a peak around
the 10th to 12th hour. In the absence of
intervention (the red curve), a significant surge
in load occurs during this period. However, after
applying the peak shaving strategy (red curve),
the peak load is reduced or leveled by shifting
part of the energy consumption to periods with
lower demand. There are a number of different
approaches that can be taken in order to achieve
this reduction. Some of these approaches include
the utilization of energy storage systems (for
instance, batteries or  capacitors), the
management of the operational schedules of
high-power equipment, or the incorporation of
distributed energy resources such as solar power
or backup generators.

B. Renewable Energy and BESS Usage
Figure 5 illustrates the relationship between
renewable energy generation and the operation
of a battery energy storage system (BESS) in the
context of energy management and peak shaving
strategies. The green curve represents power
generation from renewable sources, such as
solar or wind energy, which increases
significantly around the 10th hour, reaches its
peak, and then gradually declines. Meanwhile,
the dashed purple curve represents BESS
operation, indicating a charging process when
renewable generation reaches its peak. This is
observed through the negative values on the
curve around the 10th hour, signifying that the
storage system is absorbing excess energy. After
this period, the curve returns to zero, indicating
no further charging or discharging activity.
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Figure 5. Curve Renewable Energy and BESS Usage

In the context of peak shaving, this graph
demonstrates how energy storage systems can
effectively manage power surges caused by the
variability of renewable energy generation. By
absorbing surplus power during periods of high
renewable energy production, the BESS prevents
power imbalances within the electrical grid. The
stored energy can later be discharged when
electricity demand rises or when renewable
generation decreases. This strategy contributes to
grid stability, optimizes the utilization of renewable
energy, and reduces peak loads, ultimately helping
to lower operational costs and decrease reliance on
conventional energy sources. Overall, the
integration of energy storage systems with
renewable generation plays a crucial role in
enhancing the efficiency and sustainability of
power systems while supporting the effective

implementation of peak shaving strategies.
295 T T T T

290

State of Charge (kWh)
N N N N N N
[} [«2] ~ ~ o< [
o (3] o ()] o (3

N
@
a

N}
@
o

. . . .
5 10 15 20 25
Time (Hours)

Figure 6. Curve Battery State Of Charge (SoC)
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Error! Reference source not found. shows the
energy data generated by the PV plant, while Table
2 shows the load profile data. Figure 6 depicts the
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battery State of Charge (SoC) curve of the PV
system. By combining the information from
Error! Reference source not found. dan Table
2, we can understand how the energy generated
by the PV plant relates to the load profile and
how this affects the battery SoC.

A preliminary analysis of Error! Reference
source not found. reveals daily fluctuations in
energy production by the PV plant, which
depends on weather conditions and sunlight
intensity. This data is important for
understanding the capacity and efficiency of the
PV plant in meeting energy demand.
Meanwhile, Table 2 provides insight into the
time-based energy consumption patterns. This
profile shows the energy demand at various
hours of the day, which can be compared with
the energy production recorded in Table 1.
Figure 6, which displays the battery SoC curve,
serves to illustrate how the energy produced by
the PV plant is used and stored throughout the
day. When energy production by the solar PV
plant is greater than energy consumption, the
excess energy is stored in the battery, which is
reflected in an increase in SoC in Figure 6.
Conversely, when energy consumption is greater
than production, the SoC of the battery will
decrease, indicating the use of previously stored
energy.

The correlation between Error! Reference
source not found. dan Table 2 with Figure 6 can
be further understood by analyzing the pattern of
changes in battery SoC throughout the day. By
comparing the data from both tables with the
curves in the figure, we can determine the
periods during which the solar farm produces
excess energy and charges the battery, as well as
the periods during which the energy stored in the
battery is used to meet energy demand. This
helps in planning and optimizing the use of
energy from the solar farm to ensure stable and
efficient energy availability.

The battery capacity at that time was sufficient
to deliver energy to the load, as evidenced by the
curve in Figure 6, which has remained in a
charging state.

v. Conclusion

This study shows that the Peak Shaving
technique using Battery Energy Storage Systems
(BESS) is effective in reducing peak load and
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increasing renewable energy efficiency in a
standalone microgrid. The simulations conducted
reveal that the use of BESS can reduce peak load
and increase renewable energy usage significantly.
By integrating BESS, excess energy generated by
solar power plants can be stored during low demand
periods and released during peak demand. This not
only helps stabilize microgrid operations, but also
reduces reliance on backup generators, saves
operational costs, and reduces greenhouse gas
emissions.

The implementation of the Peak Shaving technique
resulted in a peak load before and after BESS that
remained at 112 kW, with a total renewable energy
used of 590 kWh and energy stored in BESS of
43.99 kWh. These results confirm that the use of
BESS in a standalone microgrid not only provides
significant economic benefits but also increases
energy independence and contributes to
environmental sustainability.
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