International Journal of Computer Applications (0975 — 8887)
Volume 187 — No.22, July 2025

A Simplified Smart Grid Simulation of Renewable Energy
Integration and Battery Storage for Demand Response
Optimization

Paschal Chinedu Ogomaka
Ohiri Chrysogonus C.
Department of Electrical Department of Electrical
Engineering Engineering

Federal University of
Technology Owerri
Nigeria

Federal University of
Technology Owerri
Nigeria

ABSTRACT

The global demand for sustainable and efficient energy
management has accelerated the adoption of smart grid
technologies. This article presents a simplified smart grid
simulation integrating renewable energy sources and a battery
storage system for demand response optimization. The
simulation models power generation from conventional, solar,
and wind sources, alongside energy storage and demand
response mechanisms to reduce peak loads. Results
demonstrate the grid's ability to balance energy supply and
demand through efficient use of renewable sources and battery
storage, highlighting the potential for reducing reliance on
conventional power generation.
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1. INTRODUCTION

The increasing integration of renewable energy sources into
traditional power grids has transformed the energy landscape,
pushing for smarter grid systems to enhance efficiency and
reliability. A smart grid integrates information and
communication technologies to monitor, control, and manage
energy generation, transmission, and consumption. Key
components include renewable energy sources (solar and
wind), energy storage systems (ESS), and demand response
(DR) programs, which together provide a dynamic response to
changes in load and generation capacity [1].

This article presents a simplified simulation of a smart grid,
incorporating solar and wind generation, battery energy
storage, and demand response mechanisms. The study aims to
explore the interplay between these components and their
collective impact on load management, peak reduction, and
grid stability.

2. METHODOLOGY

The simulation was developed using MATLAB, modeling
three major components: power generation (conventional,
solar, and wind), load demand (residential, commercial, and
industrial), and battery storage. A 24-hour daily cycle was
simulated, allowing analysis of grid behavior in response to
varying load profiles and renewable generation.

2.1 System Parameters
Time Frame: 24 hours, with a 1-hour time step.
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Load Profiles: Residential, commercial, and industrial loads
were simulated with predefined hourly variations.

Generation Capacity: Conventional power generation (50
MW), solar (20 MW), and wind (30 MW) were modeled with
sinusoidal generation profiles, adjusted for solar irradiance and
wind variability [2].

Battery Energy Storage System (BESS): A 100 MWh battery
storage system was included to store excess renewable energy
and discharge during periods of high demand [3].

2.2 Demand Response

Demand response was incorporated to reduce load during peak
demand periods. When total load exceeded 60 MW, a 10%
reduction was applied across all loads to simulate a demand
response program [4].

2.3 Energy Storage Management

The battery system was designed to charge during periods of
excess renewable generation and discharge during periods of
renewable energy deficit or high demand. This allowed the grid
to maintain stability without relying solely on conventional
power generation [5].

3. RESULTS AND DISCUSSION

The simulation results illustrate the effectiveness of integrating
renewable energy sources, battery storage, and demand
response in a smart grid system. The block diagram and the
control logic is shown in Figures 1 and 2.

3.1 Load and Generation

The total load profile, including residential, commercial, and
industrial demands, peaked at midday and early evening,
consistent with typical consumption patterns. Renewable
energy generation from solar reached its peak during midday,
while wind generation fluctuated throughout the day [6]. The
total renewable generation covered a significant portion of the
load during daylight hours but required conventional
generation to cover evening and early morning demands as
shown in Figure 3.

Figure 1 presents the load and generation profiles, showing the
contributions of renewable and conventional sources. It
highlights how the battery system stored excess renewable
energy during off-peak hours and discharged it during peak
periods, reducing the need for conventional generation.
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Figure 1: Block diagram

Figure 1: Demand response logic
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Figure 3: load and generation profile

3.2 Battery Storage and Management

The battery charge and discharge profile is depicted in Figure
4. The battery began charging at 8:00 AM as solar and wind
generation exceeded the load demand. It reached a maximum
state of charge of 100 MWh in the early afternoon and
discharged during the evening peak demand period. By storing
excess renewable energy, the battery reduced reliance on
conventional generation and smoothed out the grid's power
supply [7].
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Figure 4: Battery charging and discharging

3.3 Impact of Demand Response

The demand response mechanism effectively reduced the peak
load by 10% during periods of high demand, as shown in Figure
5. This reduction helped prevent the grid from exceeding its
generation capacity and minimized the need for additional
conventional power [8]. The combination of demand response
and battery discharge allowed the grid to maintain stability
without experiencing significant load shedding or supply
shortfalls.
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Figure 5: demand response

3.4 Discussion

The simulation demonstrates that integrating renewable energy
sources, battery storage, and demand response can significantly
enhance grid flexibility and stability. The battery effectively
stored surplus energy generated during low-demand periods
and discharged during high-demand periods, reducing the need
for fossil-fuel-based generation. Demand response further
contributed by lowering peak loads, easing stress on generation
resources [9].

However, real-world smart grids are far more complex than the
simplified model presented here. Additional factors such as
grid losses, generation inefficiencies, and economic
considerations would need to be included in more detailed
simulations. Nevertheless, the model provides a useful
framework for understanding the basic principles of smart grid
operation and the potential benefits of renewable energy
integration [10].

4. CONCLUSION

This article presented a simplified simulation of a smart grid,
integrating renewable energy generation, battery energy
storage, and demand response. The results demonstrate the
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potential for renewable energy sources and energy storage
systems to reduce dependence on conventional power
generation and improve grid stability. The implementation of
demand response further reduced peak load demand, enhancing
the grid's ability to balance supply and demand efficiently.

The findings emphasize the importance of renewable energy
integration and smart grid technologies in transitioning to a
more sustainable and reliable energy system. Future work
should focus on incorporating real-world data, optimizing
energy dispatch, and considering economic impacts to further
refine smart grid simulations [11].
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