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Renewable energy sources (RES) provide an eco-friendly 
and sustainable alternative to mitigate the adverse effects 
of global warming and the escalating costs of 
conventional fuels. As a result, there has been a 
remarkable increase in global interest, particularly in 
harnessing photovoltaic (PV) and wind energy. These 
renewable technologies are gaining traction due to their 
potential to reduce carbon emissions, enhance energy 
security, and promote long-term economic and 
environmental benefits [1], [2]. HPS that incorporate 
multiple renewable energy sources are gaining 
widespread adoption due to their various benefits [3]. 
Despite the benefits of solar and wind energy, standalone 
systems struggle to ensure an uninterrupted power supply 
due to their intermittent nature [4]. Energy demand varies 
throughout the day, and fluctuations in solar and wind 
energy generation do not always align with consumer 
usage patterns [5]. Therefore, additional energy storage, 
such as batteries, is often required to maintain a 
continuous power supply. Research indicates that a hybrid 
PV/Wind/battery system can provide a reliable energy 
source [6]. However, the high cost of battery storage 
makes standalone systems expensive. Hence, an 

alternative cost-effective solution is necessary. When 
planned effectively, an ongrid hybrid power (HPS) system  
can minimize storage requirements, thereby reducing 
overall costs. 
This research assesses the financial sustainability and 
practicality of a On-grid HPS that integrates photovoltaic 
(PV) and wind turbine technologies to meet the energy 
demands of the region efficiently. Furthermore, to provide 
a comprehensive comparison, an alternative Standalone 
hybrid system has been designed, incorporating PV, wind 
energy, and battery storage. The study aims to analyze and 
compare the performance, cost-effectiveness, and long-
term reliability of both configurations, considering factors 
such as energy generation potential, maintenance costs, 
and environmental impact. By evaluating these aspects, 
the research seeks to determine the most viable solution 
for ensuring a stable and sustainable power supply in the 
region. 
In paper section II outlines the system Design, Section III 
details the methodology, Section IV introduces the 
simulation models, and Section V analyzes the 
optimization results. While hybrid renewable energy 
systems have been studied extensively, this research takes 
a more grounded approach by focusing specifically on the 
unique conditions of the Indo-Pak border region near 
Jaisalmer. What sets this study apart is how it blends 
technical modeling with real-world constraints such as 
policy regulations, limited infrastructure, and land-use 
challenges that are common in border and rural areas. 
By combining HOMER-based simulations with these 
practical filters, the study offers a more realistic and 
context-aware evaluation framework. This dual-layered 
methodology not only makes the results more applicable 
to the region but also provides a useful blueprint for 
similar rural or strategic zones elsewhere. 
 

  
 
This study designs and analyzes both On-grid and 
Standalone hybrid power (HPS) system s using HOMER 
software to identify the most cost-effective configuration. 
HOMER requires specific input parameters to optimize 
system performance, which are outlined in the following 



section [7].
A. Load Profile
The selected region experiences peak energy demand 
primarily due to irrigation pumps. The estimated average 
daily energy consumption in the target area is 654.73 
kWh. Figure 1 depicts the daily load profile, highlighting 
peak demand between 17:00 and 23:00 hours, which plays 
a crucial role in system sizing. The peak load is estimated 
at 101.32 kW, with an assumed scaled annual average 
consumption of 654.73 kWh/day. Additionally, Figure 2 
presents the region's Average monthly  load profile.
B. Wind Speed and Solar Radiation
Wind speed and solar radiation data for the Jaisalmer 
region, Rajasthan (26.91° N latitude, 70.91° E longitude), 
near the Indo-Pak border, were obtained from the NASA 
Surface Meteorology and Solar Energy database. Wind 
speed data at 50 meters above sea level for this location 
ranges between 2.64 and 4.40 m/s, with the highest speeds 
observed in June.
Figure 3 illustrates wind speed variations, while Figure 4 
presents the Average monthly  solar radiation data. The 
annual average solar radiation for this region is estimated 
to be 5.67 kWh/m²/day, based on HOMER software 
inputs. 
Beyond the usual cost metrics like Net Present Cost 
(NPC) and Levelized Cost of Energy (LCOE), we went a 

-term financial 
viability. Metrics such as Payback Period (PBP), Internal 
Rate of Return (IRR), and Return on Investment (ROI) 
were calculated. For example, the on-grid hybrid system 
had a payback period of about 6.5 years and showed a 
promising ROI of 13.2%. We also tested the system's 
robustness by simulating changes in battery prices, solar 
panel costs, and electricity tariffs. Even with up to 20% 
variation in these costs, the system remained 
economically sound showing its potential to withstand 
future market shifts.
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