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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. 

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 

 

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. 

 
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 

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]. 

5. REFERENCES 
[1]  M. F. Akorede, H. Hizam, and E. Pouresmaeil, 

 "Distributed energy resources and benefits to the 

 environment," Renewable and Sustainable Energy 

 Reviews, vol. 14, no. 2, pp. 724-734, 2010. 

 doi:10.1016/j.rser.2009.10.025. 

[2] A. G. Phadke and J. S. Thorp, Synchronized Phasor 

 Measurements and Their Applications. New York: 

 Springer, 2008. 

[3] A. Ipakchi and F. Albuyeh, "Grid of the future," IEEE 

 Power and Energy Magazine, vol. 7, no. 2, pp. 52-62, 

 Mar.-Apr. 2009. doi:10.1109/MPE.2008.931384. 

[4] M. H. Bollen and F. Hassan, Integration of Distributed 

 Generation in the Power System. Hoboken, NJ: Wiley, 

 2011. 

[5] C. W. Gellings, The Smart Grid: Enabling Energy 

 Efficiency and Demand Response. Lilburn, GA: Fairmont 

 Press, 2009. 

[6] A. L. Dimeas and N. D. Hatziargyriou, "Operation of a 

 multiagent system for microgrid control," IEEE 

 Transactions on Power Systems, vol. 20, no. 3, pp. 1447-

 1455, Aug. 2005. doi:10.1109/TPWRS.2005.852060. 

[7] M. E. Baran and F. F. Wu, "Optimal sizing of capacitors 

 placed on a radial distribution system," IEEE 

 Transactions on Power Delivery, vol. 4, no. 1, pp. 735-

 743, Jan. 1989. doi:10.1109/61.19265. 

[8] F. A. Viawan and D. Karlsson, "Voltage and reactive 

 power control in systems with synchronous machine-

 based distributed generation," IEEE Transactions on 

 Power Delivery, vol. 23, no. 2, pp. 1079-1087, Apr. 2008. 

 doi:10.1109/TPWRD.2007.915131. 

[9] T. Logenthiran, D. Srinivasan, and D. Wong, "Multi-

 agent coordination for DER in microgrid," in Proc. IEEE 

 International Conference on Sustainable Energy 

 Technologies, 2008, pp. 77-82. 

[10] M. R. Amin, "Toward self-healing energy 

 infrastructure systems," IEEE Computer Applications 

 in Power, vol. 14, no. 1, pp. 20-28, Jan. 2001. 

 doi:10.1109/67.893429. 

[11] A. Molderink, V. Bakker, M. G. Bosman, J. L. Hurink, 

 and G. J. Smit, "Management and control of domestic 

 smart grid technology," IEEE Transactions on Smart 

 Grid, vol. 1, no. 2, pp. 109-119, Sept. 2010. 

 doi:10.1109/TSG.2010.2055903. 

IJCATM : www.ijcaonline.org 


