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Abstract—This study investigates the technical and economic
feasibility of hybrid renewable energy systems for a clothing store
in Biga, Canakkale. Using the HOMER software, grid-connected
and off-grid wind-solar hybrid systems were designed and
analyzed. The grid-connected system, consisting of a 1 kW solar
panel and a 1 KW wind turbine, was found to be more suitable due
to its lower cost ($9,317 NPC) and emissions (1,262 kg CO2 per
year). In contrast, the off-grid system had a higher NPC ($16,964)
but provided greater energy independence. These results highlight
the potential for hybrid energy systems in commercial
applications, balancing cost-effectiveness with sustainability.

Index Terms— Cost analysis, electricity generation, HOMER, hybrid
systems, Renewable energy.

I. INTRODUCTION

Energy is essential for modern life and economic
development. As fossil fuels deplete and environmental
concerns grow, renewable energy sources like solar and wind
have become crucial. Hybrid energy systems combining
multiple renewable sources are increasingly used to ensure
energy reliability and sustainability. This study focuses on
modeling a hybrid system for a store using HOMER software
to determine the most cost-effective and environmentally
friendly solution.

Il. METHODOLOGY
A. Site Description

The store is located in Biga, Canakkale (40°13'35.2"N,
27°14'32.2"E). The region receives an average annual solar
radiation of 4.2 kWh/m?*/day and experiences wind speeds
ranging from 3.5 to 6.8 m/s, making it highly suitable for hybrid
energy generation. Seasonal variations significantly impact
energy production, and these fluctuations have been accounted
for in the system design.

B. Building Characteristics

The store has a total rooftop area of 150 m? allowing for
optimal solar panel installation. The building is well-insulated
with energy-efficient lighting, reducing overall energy
consumption. Load demand calculations have been adjusted
based on actual energy usage data collected over a one-year
period.

B. HOMER Software

HOMER (Hybrid Optimization of Multiple Energy
Resources) is a modeling tool developed by NREL. It allows
for the simulation and optimization of hybrid energy systems,
taking into account technical and economic factors. The
software provides detailed simulations that include energy load
profiles, component performance, and cost analysis, ensuring
that the proposed system meets both energy and financial
requirements.

C. System Components

1. Solar Panels: Convert sunlight into electricity. They
are chosen based on efficiency, durability, and cost.

2. Wind Turbines: Utilize wind energy to generate
electricity. The selection criteria include turbine
capacity, height, and local wind conditions.

3. Diesel Generator: Provides backup power in off-grid
systems. It is essential for ensuring energy reliability
during periods of low renewable energy production.

4. Battery Storage: Stores excess energy for later use.
The capacity and type of battery significantly affect
system performance and cost.

5. Inverters: Convert DC to AC power. They ensure that
the energy generated by the system is compatible with
the store’s electrical requirements.

D. Mathematical Algorithm for Hybrid Energy Optimization

To optimize the hybrid energy system, a mathematical
algorithm was developed based on the constraints and
objectives defined in the HOMER software. The main goal was
to minimize the Net Present Cost (NPC) while maximizing the
Renewable Fraction (RF). The optimization problem can be
formulated as follows:

Objective Function:
minY{_1(Ceap + Crep + Com + Cruer + Csar) where;
is the capital cost of components,

Ccap

Crep is the replacement cost,
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Ceap is the operation and maintenance cost
Cruer s the fuel cost,
Coal is the salvage value.

Constraints:
1. Energy Balance Constraint
Ppy + Pyr + Pgen + Poria = Proaa + Prattery
e  Ensures energy demand is met at all times.
2. Battery State of Charge (SOC) Constraint
SOCppin < SOC; < SOCppay
e  Prevents overcharging or deep discharge of the battery.

3. Renewable Fraction (RF) Calculation

RF — Erenewable

Etotal
e Ensures the system maximizes renewable energy
utilization.

4. Grid Interaction Constraint

Grid
<P max

Pexport
e Limits the amount of energy that can be fed back into the
grid.

Solution Method

e The optimization problem was solved using a hybrid
approach combining Linear Programming (LP) for cost
minimization and Genetic Algorithm (GA) for optimal
sizing of renewable components.

e HOMER’s internal solver was used for iterative
simulations, ensuring the feasibility of different system
configurations.

e  Sensitivity analysis was conducted to evaluate the impact
of variations in solar radiation, wind speed, and load
demand on system performance.

This algorithm effectively balances cost efficiency and
sustainability, providing a robust methodology for designing
optimal hybrid energy systems.

I11. Results and Discussion
A. Grid-Connected System
The grid-connected system includes a 1 kW solar panel, a 1

kW wind turbine, and an inverter. The system covers 70.1% of
the store's energy needs through renewable sources. The net
present cost (NPC) is $9,317, with an annual operating cost of
$406.35. Emissions are minimal, with 1,262 kg of CO2 emitted
annually. The system also offers the benefit of feeding excess
energy back into the grid, which can provide additional cost
savings (Figure 1).
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Figure 1. The energy system model designed for our store.

Table 1 Unit Costs of System Equipment

Equipment  Capital Replacement Operation &
Cost ($) Cost ($) Maintenance
Cost ($/year)
Wind 2500 2500 40
Turbine
($7kw)
Solar 1000 1000 10
Panel
($7kw)
Inverter 250 250 0
($/kWh)

Table 2. Simulation Results of the Grid-Connected Hybrid
System

PV Grid Converte  Dispatc NPC COE Operat
(kW) (kW) r (kW) h %) %) ing cost
9)

172 999.999 1.21 CcC $9,317  $0.118  $4,053

2.39  999.999 1.24 CcC $9,081  $0.113  $3,579

- 999.999 - cc $10,168  $0.134  $6,583
999.999 cc $10,892  $0.170  $8,307

Initia Ren. Total

| Frac Fuel (L)

capit (%)

al ($

$4,52 70.1 0

3

$2,74 48.8 0

3

$2,52 41.9 0

0

$0 0.0 0

As shown in Table 2, the hybrid system, which generates

1.72 kW of power, has a converter capacity of 1.21 kW, an
annual operating cost of $406.35, and an installation cost of
$4,523. It is concluded that 70.1% of the energy supplied by
this selected system comes from renewable sources.

Table 3. Cost Summary of the Designed Grid-Connected
System
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Com  Capital Replace O&M Fuel Salvag Total
pone (%) ment ($) %) (%) e (%) 3$)
nt
Gener  $2,500.  $462.51 $0.16 $0.00 $- $3,278.
icl 00 375.68 08
kw
Gener  $1,712 $0.00 $0.12 $0.00 $0.00 $1,712
ic flat 27 27
plate
PV
Grid $0.00 $0.00 $2,211.1 $0.00 $0.00 $2,211
7 17
Syste $0.00 $113.15 $0.00 $0.00 $0.00  $113.15
m
Conv
erter
Syste  $4,523. $71.49 $3,496.8 $0.00 $- $9,317.
m 22 3 375.68 21

Approximately 85% of the system’s maintenance and repair
cost of $4,396.23 was identified as repair and maintenance
expenses, amounting to $3,721.17.
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Figure 2. Monthly Electricity Production of the Selected
Grid-Connected System

The grid-connected system has an annual sale of 1,997 kWh.
The amount of electricity produced is minimal in June, and
maximal in December and January. The percentage of
renewable energy usage over the year is 70.1%, and the excess
electricity produced annually is 40.8 kW.

Figure 3. Energy Bought from, Sold to the Grid, and Cost
Values

When Figure 3 is examined, the amounts of electricity the
system has received from and sold to the grid at different times
of the year are shown. The total amount of energy the system
receives from the grid in one year is 1,997 kWh, while the
amount of energy sold to the grid is 1,207 kWh. The net amount
of energy received from the grid is 790 kwh.

Table 4. Annual Emission Values of the Grid-Connected

System
Pollutants Value
(kg/year)
Carbon 1.262
Dioxide
Carbon 0
Monoxide
Unburned 0
Hydrocarbons
Particulate 0
Matter
Sulfur 5.47
Dioxide
Nitrogen 2.68
Oxides

B. Off-Grid System

The off-grid system consists of a 1 kW solar panel, a 1 kW
wind turbine, a diesel generator, and a lithium-ion battery. It
covers 81.6% of energy needs from renewables. The NPC is
$16,964, with an annual operating cost of $685.85. The system
emits 800 kg of CO2 annually, along with other pollutants from
the diesel generator. This system is particularly advantageous
in remote areas where grid connectivity is not feasible, although
its higher cost and environmental impact must be carefully
considered.
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Figure 4. The energy system model designed for our store.

The off-grid renewable energy system consists of a 1 kW
solar panel, a 1 kW wind turbine, a diesel generator, a 1 kW Li-
lon battery, and an inverter. Based on the specified peak power
value, the inverter capacity has been set at 1.42 kW. The
lifetime of the solar panels is 25 years, while the lifetime of the
wind turbines is 20 years. Additionally, according to the data
obtained from the HOMER software, the turbine rotor height is
found to be at least 17 meters.

Table 5. Unit Costs of System Equipment

Equipment Capital Replacement Operation &
Cost ($) Cost ($) Maintenance
Cost ($/year)
Wind Turbine 2500 2500 40
($/kwW)
Solar Panel 1000 1000 10
($/kwW)
Diesel Generator 300 300 3%/saat
($/kW)
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Battery (Li-lon) 230 230 10
($/kWh)
Inverter ($/kWh) 250 250 0

Table 6. Simulation Results of the Off-Grid Hybrid System

PV (kW) Grid Gen (kW)  Converter (kW)
(kw)
3.39 1 280 2.27
5.47 1 280 2.27
2.82 1 280 2.27
4.42 1 280 2.27
2.75 1 280 2.27
7.03 1 280 2.27
1.34 1 280 2.27
Dispatch NPC (3$) COE ($) Operating Cost
®)
cC $26,019 $0.125 $9,165
cc $32,574 $0.157 $11,875
cc $25,315 $0.124 $8,935
cc $29,713 $0.145 $10,635
cc $23,915 $0.117 $8,315
cc $44820  $0.218 $15,882
cc $67,779  $0.305 $21,673
. . Ren. Total Fuel
Imtlal(ggapltal Frac (%) WL
$8.472 84.6 360
$12.943 74.4 424
$8.126 85.5 685
$10.146 78.9 100
$7.849 100 1.09
$20,140 240 1.87
$64,080 0 3.284

Asseenin Table 6, the off-grid wind-solar-diesel system, which
generates 3.39 kW of power with the support of a 2.8 kW
generator, provides an electrical energy potential of 2.12 kW
with the help of a 2.12 kW inverter. The economic data for the
off-grid system of the store is as follows: the operating cost is
$685.85 annually, the installation cost is $8,872, and 81.6% of
the energy is supplied by the hybrid energy source. Considering
the 4.42 kW electrical energy potential provided by solar and
wind alone, and using a 2.27 kW inverter to meet the store’s
off-grid electricity needs, the operating cost of this system is
found to be $655 annually, with an installation cost of $18,236.
In this case, the store’s entire electricity demand is met solely
by wind and solar energy.

Table 7. Cost Summary of the Designed Off-Grid System

Component Capital Replacement O&M ($)
®) ®)
3.39 1 280 2.27
5.47 1 280 2.27
2.82 1 280 2.27
4.42 1 280 2.27
2.75 1 280 2.27
7.03 1 280 2.27
1.34 1 280 2.27
Fuel ($) Salvage  Total ($)
%)
cC $26,019 $0.125
ccC $32,574 $0.157
cC $25315  $0.124
cC $29,713 $0.145
cc $23915  $0.117
cc $44,820 $0.218
cC $67,779  $0.305

In Table 7, the fuel cost of the generator is $5,048.6, which
constitutes approximately 30% of the total cost of the off-grid
system ($16,964.04). This result means that the emission cost
accounts for 30% of the total cost.
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Figure 5. The generator contribution to electricity production

In Figure 5, the generator's contribution to electricity
production is minimal in July and August, while it reaches its
maximum level in December and January. The total electricity
generated from the use of the generator over the year is 1,008
kwWh. It has been determined that 81.6% of the electricity
production is supplied by renewable energy.

Table 8. Emission Values of the Off-Grid System

Pollutants Value (kg/year)
Carbon Dioxide 800
Carbon Monoxide 5.04
Unburned Hydrocarbons 0.220
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Particulate Matter 0.0306
Sulfur Dioxide 1.96
Nitrogen Oxides 4.74

C. Comparison
Table 9 Comparisons of the both grid systems.

Parameter Grid-Connected Off- Difference
System Grid
System

Net Present 9,317 16,964 1.82x higher

Cost ($)

Annual 406.35 685.85 1.67x higher
Operating

Cost ($)

CO, 1,262 800 Lower in off-
Emissions grid
(kglyear)

Renewable 70.1 81.6 Higher in off-
Energy Usage grid
(%)

The grid-connected system is more cost-effective, while the
off-grid system offers higher renewable energy usage but at a
significantly higher cost and environmental impact. The
comparison highlights the need for a balanced approach that
considers both economic and environmental factors.

IV. Conclusion

Two hybrid energy systems were modeled for a clothing
store in Biga using HOMER software. The grid-connected
system emerged as the more feasible option due to its lower
costs and reduced environmental impact. The study highlights
the importance of optimizing hybrid systems to balance cost,
reliability, and sustainability. Future research could explore the
integration of advanced storage technologies and real-time
energy management systems to further enhance the efficiency
of hybrid solutions.

Future Research Recommendations

Future research should explore advanced storage solutions,
such as lithium-ion and solid-state batteries, to further enhance
system efficiency. Additionally, integrating Al-based energy
management systems could optimize energy consumption and
reduce operational costs. A feasibility study for implementing
similar hybrid systems in other commercial sectors would also
be beneficial.
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