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Technical and Economic Feasibility of Solar
Photovoltaic Systems for A Residential Home in
Riyadh, Kingdom of Saudi Arabia
Ayman O. Al-Jefri and Adel M. Abdeen
ABSTRACT
To generate power and electricity for residential buildings, most
countries in the world rely on fossil fuels. As a result of persistent
increase and fluctuations of fossil fuels costs which negatively affect
individual's financial advancement, several countries were inclined to
develop and use cost-effective renewable energy systems such as
photovoltaic (PV) systems. The objective of this research is to examine
the amount of electrical energy that can be generated from a renewable
energy source using a photovoltaic system, as well as the economic
impact on the Saudi individual. Hybrid Optimization of Multiple Energy
Resources software was used to carry out a feasibility study (HOMER)to
simulate the use of PV systems and all potential equipment combinations
for a house construction in Riyadh (24.7 N). Furthermore, the cost of
using PV systems is calculated. This demonstrated the cost feasibility of
achieving a reasonable level of energy entry. When compared to a
current fossil fuel, this lowers the cost of energy (COE) and the net
present cost (NPC) of the re-enacted power created by a further. The
research yielded a list of possible power supply solutions that were sorted
by net present cost. Furthermore, according to statistics, electricity
consumption in the Kingdom is expected to increase by 0.2 percent in
2020, indicating the impact of PV costs and fossil fuel prices on the best
alternatives. It now stands at 289.3 million GWh, up from 288.71 million
GWh in 2019.
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I. INTRODUCTION
Many countries have resorted to renewable energy sources
such as biofuel, wind energy, photovoltaic energy, solar
concentrators, hydro, geothermal, tidal, and wave energy in
response to increased electricity demand and a desire to limit
the usage of polluting fossil fuels (oil, gas...) [1]. Wind and
photovoltaic energy, in particular, have piqued the interest of
many researchers who have done research to improve the
efficiency of electromechanical and photovoltaic conversion,
as well as the quality of energy supply. This type of source
can be utilized as a replacement for or in addition to
traditional generation sources. These sources have recently
emerged as the most promising solution to any future energy
crisis. Many solutions must be found, and all projects in the
field of green energy must be supported, either decentralized
through other sources of energy to power a remote site or
connected to the grid [2]-[4]. In this case, renewable energy
might be used to electrify a village with an urban zone and an
industrial site by constructing a wind turbine farm or a
photovoltaic park. If the weather conditions are insufficient,
the area is already connected to the grid, which provides the
energy needed to meet the needs [5]-[7]. The system is
constructed using the site's wind potential, solar irradiation,
DOI: http://dx.doi.org/10.24018/ejenergy.2022.2.4.75

temperature, a year-long load profile study, system capacity,
and the ability to accept electricity from the grid as needed,
all while considering renewable energy as a key source [1],
[8]. Based on the simulation findings and the technical and
economical features of the simulated systems, an optimal
solution is chosen. There are two portions to this paper: The
first section provides an overview of the system being
studied. The second looks at the technical and economic
evaluation of the Homer Pro environment simulations
system, as well as topographic constraints, environmental
issues, and land-use restrictions. [9]. In 2010, the global
average power usage was roughly 17.5 TW [10], so capturing
a small percentage of that is doable. Solar power, if
developed, would currently provide enough energy for
everyone on the earth. In this scenario, the Community
Climate System Model is used. Version 4 [11] examines the
global climate impact of large-scale solar panel installations.
In order to absorb infrared radiation without affecting the
visible spectrum, the PV panel must be constructed in such a
way that it absorbs infrared energy without affecting the
visible spectrum. A 4 cm layer of polyurethane is applied to
the back of the panel to prevent heat loss [12].
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Fig. 1. PV panel.

•

The electrical performance of a PV module installed in a
PV/T panel is influenced by a variety of factors. They
can be divided into three categories: Thermal drift
(efficiency loss caused by the thermal coefficients of the
PV module) and temperature mismatching are two
instances of thermal impacts (losses due to temperature
non-uniformity over the PV cells).
• Low irradiance, spectrum and transmission effects,
polarization effects, and ohmic losses are all irradiance
influences.
• Transmission losses, oblique irradiance, and shading
influence are all configuration effects. A layer of water
was added to the panel before it was sealed in a
polycarbonate cage to create hybrid electric thermal
photovoltaic panels. Thermal Electric Solar Panel
Integration is a design that use serpentine channels to
control water flow and enhance structural stability
(TESPI). Solar panels can be found on roofs and highway
signs, and they can help power spacecraft. How do solar
panels, on the other hand, work?
Solar panels adorn rooftops and roadside signs, and aid in
the powering of spacecraft. However, how do solar panel’s
function?
According to the University of Minnesota Duluth, a solar
panel works by allowing photons, or light particles, to knock
electrons loose from atoms, resulting in a flow of energy.
Solar panels are made up of numerous microscopic
components known as photovoltaic cells, which convert
sunlight into electricity. A solar panel is made up of several
interconnected cells. Each solar cell consists of two semiconducting material slices sandwiched together. Photovoltaic
cells are often constructed of silicon, which is also utilized in
microelectronics, according to the Proceedings National
Graduate Conference 2012.
The first phase in the solar panel manufacturing process is
tabbing and stringing, which involves stacking cells and
metal ribbons into strings. As part of the Lay-up process, the
strings are placed over EVA-covered tempered solar glass
and coated with EVA (ethyl vinyl acetate) sheets and a
polymer back sheet. The goal of the study was to make the
Lay-Up procedure more efficient. Multiple testing phases,
lamination and trimming, and the installation of a junction
box and an aluminum frame are all part of the Lay-Up
process. [13].
Opportunities and obstacles in establishing solar
photovoltaic-based micro grids have been identified for the
electrification of India's rural areas. The United Kingdom's
government India's initiatives provided subsidies of around
Rs.500 million to stimulate the use of solar energy in rural
areas. These monies are earmarked for the project at hand. to
DOI: http://dx.doi.org/10.24018/ejenergy.2022.2.4.75

solar street lighting and house lighting in cities all around the
world other considerations, such as erratic voltage levels, are
insufficient. There are significant issues because of the power
source's unreliability. Many wind-based solutions have been
proposed to address this issue due to insufficient generation
and an aging transmission system, which has resulted in
frequent power outages. To keep the process running, largecapacity units will be installed, including a solar photovoltaic
hybrid power system and a PV–battery hybrid power system.
Solar energy, the most widely available kind of energy, is one
of the potential solutions. It is categorized as nonconventional energy because it is non-polluting and helps to
reduce the greenhouse effect. Solar photovoltaic (SPV) cells
convert sunlight into direct current (DC). Solar energy has a
wide range of applications., including residential, industrial,
remote, and transportation. Installing huge capacity solar
power plants is a new idea, but the fundamental drawback is
that sunlight is only available at day, and the capital cost is
very high. Solar panels can deliver a high return on
investment in the long run due to the amount of free energy
they can provide and the fact that they are the most important
source of energy [15].
It optimized and performed a techno-economic analysis of
a stand-alone Hydrogen energy system in Taleghan, Iran,
using HOMER software. Renewable energy sources,
according to the idea, can open new paths for resolving
environmental issues. The energy system is made up of a 10kW PV array, a 3.5-kW wind turbine, a 0.4-kW proton
exchange membrane fuel cell electrolyzer, 60 batteries, and a
2.5-kW inverter, according to the simulation results (100 Ah
and 12 V). When solar energy is insufficient, the hydrogen
produced by a hydrogen vessel delivers energy to the fuel cell
to fulfill the demand [16].
HOMER was used in this study to evaluate various
combinations of wind, photovoltaic (PV), diesel generator,
and battery to determine the best system size for 50
households in three remote villages in Bangladesh, namely
Cox's bazar, Sylhet, and Dinajpur, with a primary load of 50
KWh per day and a peak load of 11 KW. With a per-unit cost
of power of 25.4 Tk/KWh, the most cost-effective system was
determined to be a PV (6 KW)-diesel Generator (10 KW)battery (2V, 800 Ah) system. The strategy also has a number
of advantages, including the creation of local jobs, reduced
fuel consumption, and lower CO2 emissions [13].
The potential of a wind PV–battery hybrid power system
as an alternative to grid extension was suggested in
Bangladesh, where just 20% of the population has access to
grid energy and the vast majority does not. For the load that
has a 10% yearly capacity deficiency for this In Bangladesh,
where just 20% of the population has access to grid energy
and the great majority does not, the potential of a wind PV–
battery hybrid power system as an alternative to grid
extension has been explored. For the load with a 10% annual
capacity shortfall for this hypothetical system in the
suggested site that is greater than 10 km from the grid, the
optimized wind PV-battery hybrid system is clearly more cost
effective than wind-alone, PV-alone, and wind-PV hybrid
systems. Small-scale renewable energy (particularly solar
energy)-based power systems for rural electrification are
attracting a lot of attention from energy planners [17].
The application of ANN or MLP in solar PV forecast is
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clearly explained in research by [18], [19]. Computing nonlinear functions of the input nodes' scalar product and
weighted vectors is part of an ANNOUNCEMENT [18].
Propose a method for calculating the effective roof area for
PV cells in Calgary, Alberta, Canada, using high-quality data
remote sensing images with a high spatial resolution. The
results are based on a solar PV cell efficiency of 11–12%,
according to the scientists.
One of the benefits of ANN-based forecasting algorithms
is that they allow the user to select and increase the number
of inputs in order to improve forecast accuracy. Reference
[22] provided an outline of PV prediction parameters and
performance evaluation techniques. To improve solar PV
forecasting, [22] recommend that for a medium prediction
skill, global irradiance, air temperature, and wind be used,
and for a better forecast skill, global irradiance, air
temperature, and wind be used.
Forecast its 24-hour-ahead energy generation at half-hour
time intervals using the improved back propagation learning
approach and the minimum, average, and maximum daily
temperatures as inputs. In Iran, predicts the voltage of a PV
system using solar irradiation, temperature, and electric
current [23]. Using ANN, conduct a study in Saudi Arabia to
discover the most relevant variables for sun radiation
forecasting., and all provide extensive overviews of solar
forecasting methodologies and PV performance models for
renewable energy integration [24].

If you opt to include the effect of temperature on the PV
array in the PV array inputs, HOMER estimates the cell
temperature in each time step to calculate the PV array's
power output. The next sections explain how HOMER
determines the temperature of the cells based on the ambient
temperature and the amount of radiation hitting the array.
Using Duffie and Beckman's equation, we first define an
energy balance for the PV array (1991) [27]:
(3)
According to the equation above, the solar energy absorbed
by the PV array on the one hand, and the electrical output +
heat transfer to the surroundings on the other, are in balance.
The equation for cell temperature can be solved as follows:

(4)
Instead, manufacturers publish the nominal operating cell
temperature (NOCT), which is defined as the cell temperature
resulting from 0.8 kW/m2 incoming radiation, 20 °C ambient
temperature, and no-load operation (c = 0).
These figures can be entered into the formula solution for
(𝜏𝛼/ 𝑈 ! ), in the equation above to get the following result:

II. SYSTEM DESCRIPTION AND MODELING

(5)

A. The System in Question
Simulation and optimization techniques are utilized to
attain the goals. The fundamental factors in the performance
of a PV system are the major inputs for the simulation and
optimization model. Electrical load, solar irradiation, air
temperature, component cost, and energy expenses are among
the model's inputs. Unlike prior studies, this one included
real-world data, such as weather data, load profiles, and
technical and economic aspects of the equipment. [26].
The PV array's output was calculated using the following
equation:

(1)
If you don't estimate the influence of temperature on the
PV array on the PV page, HOMER thinks the temperature
coefficient of power is 0, simplifying the equation above:

(2)
B. PV Cell Temperature
The temperature of the PV cell is the surface temperature
of the photovoltaic (PV) array. During the night, the
temperature of the cell is the same as the ambient
temperature, but in direct sunlight, it can rise by 30 °C or
more.
DOI: http://dx.doi.org/10.24018/ejenergy.2022.2.4.75

The temperature coefficient of power is typically negative,
suggesting that as cell temperature rises, the PV array's
efficiency decreases. We may solve for cell temperature by
plugging this efficiency equation into the previous cell
temperature calculation:

(6)
In the equation above, the temperatures must be in Kelvin.
This equation is used by HOMER to determine the
temperature of the cell at each time step.
C. The Converter
The conversion of a solar panel's output voltage into usable
dc or ac voltage must be done at its maximum power point
(MPP), which complicates the conversion strategy.
Maximum power point tracking (MPPT) is one of the PV
conversion methods [25]. Some of the methods make use of
microcomputers and complex control circuits. Power
converters that are less expensive and have a simpler MPPT
will aid in the power conversion's viability.
Both an inverter and a converter (for converting generated
direct current (DC) power into required alternating current
(AC) power; both for energy flowing directly to the load from
the PV and for energy transiting through the battery) are
required, as well as a rectifier (for converting generated direct
current (DC) power into required alternating current (AC)
Vol 2 | Issue 4 | August 2022
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power; both for energy flowing directly to the load from the
PV and for energy transiting through the battery) (for the
conversion of generated AC power in order to charge the
battery). In the rectification process, it converts electrical
power from AC to DC, and in the inversion process, it
converts electrical power from DC to AC. The most
significant parameters to consider while developing the
converter are the energy conversion efficiency.
D. Converter Mathematical Model
In the converter, the suggested design incorporates both a
rectifier and an inverter. The electric loads linked in this
configuration are DC loads. Excess AC power is converted to
DC electricity at a constant voltage by the rectifier. The
rectifier model is as follows:
𝐸"#$%&'( (T)= 𝐸"#$%)* (T)X𝜂"#$
𝐸"#$%)* (t)= 𝐸+'"%,$ (t)

(7)
(8)

LCOE to evaluate projects of this type is one of the first
crucial steps in examining them.
When considering whether to proceed with a project, the
levelized cost of energy is an important factor to consider.
The LCOE will determine whether a project is profitable. If
this does not happen, the firm will abandon its ambitions to
build the power plant and seek an alternative. Using the
LCOE to evaluate projects of this type is one of the first
crucial steps in examining them. The levelized cost of energy
follows equation:
$ 0113,343
LCOE ($/KWh)= " ;<7=:" 343,><7?,@0AB@
(14)
Alternative economic performance measurements could be
used when making such significant judgments. Like the NPC
and LCOE, the return on investment (ROI) assesses the
amount of profit made on a specific investment when
compared to a benchmark. The return on investment is
calculated by HOMER (ROI).

At any time t,
𝐸+'"%,$ (t)= 𝐸-#. (t)- 𝐸!&,-

(9)

E. Charge Controller Mathematical Model
A charge controller detects when the batteries are fully
charged and controls or stops the amount of energy flowing
from the energy source to the batteries to prevent
overcharging. The charge controller's model is as follows:
𝐸$$%&'( (t)= 𝐸$$%)* (t)x 𝜂$$
𝐸$$%)* (t)= 𝐸"#$%&'( (t)+ 𝐸+'"%-$ (t)

(10)
(11)

F. Economic Analysis
The component's net present cost is equal to the present
value of all expenditures associated with installing and
operating the component over the project's lifetime, minus the
present value of all revenues collected during that time (or
life-cycle cost). HOMER calculates the net present cost of
each system component, as well as the overall NPC of the
system.
$ 011,343

NPC= $"5(7,*)

(12)

CRF stands for capacity recovery factor, which is
calculated as follows:
CRF(𝑖, 𝑁) =

7(9:7)!
7(9:7)! %9

"
∑ #$%& $ 7<BD%$7
'()

(15)

#$%& ($ E0;%$ E0;,<BD)

III. RESULTS AND DISCUSSION
When considering whether to proceed with a project, the
levelized cost of energy is an important factor to consider.
The LCOE will determine whether a project is profitable. If
this does not happen, the firm will abandon its ambitions to
build the power plant and seek an alternative. Using the
LCOE to evaluate projects of this type is one of the first
crucial steps in examining them. As a result, the electrical
grid is subjected to increased power consumption, owing
primarily to air-conditioning. Reference [26] studied the most
ideal areas in Saudi Arabia for constructing utility-scale solar
PV in this study. Several technological and economic issues
were considered in this study, and Riyadh was judged to be a
highly ideal location for such a project. Solar energy has a big
disadvantage in that it is unpredictably dependent on weather
conditions. Nonetheless, in Riyadh, high demand frequently
corresponds with high sun irradiation, especially during the
summer.
Notes: The experiences of the Homer Pro program on
residential homes, where my house was. Chosen in the AlFayha neighborhood, east of Riyadh, as Shown in the maps
of the simulation program Homer Pro.

(13)

G. Levelized Cost of Energy (LCOE)
The levelized cost of energy (LCOE) is a metric used to
compare and evaluate various energy production systems.
The levelized cost of electricity, or the levelized energy cost,
is another name for it (LEC). The average total cost of
building and operating an energy-generating asset per unit of
total electricity generated throughout its estimated lifetime is
known as the LCOE.
When considering whether to proceed with a project, the
levelized cost of energy is an important factor to consider.
The LCOE will determine whether a project is profitable. If
this does not happen, the firm will abandon its ambitions to
build the power plant and seek an alternative. Using the
DOI: http://dx.doi.org/10.24018/ejenergy.2022.2.4.75

ROI="

Fig. 2. The elements of the system are laid out in the form of a diagram
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A. System Production Summary
Software deals with the solar panel's annual production in
kilowatt-hours, the electrical network's annual production,
and the consumption summary, which analyses the
alternating and steady demand, as well as the electrical return
to the network the system's capacity index, and the total
output.

C. Grid
The program examines the energy acquired and sold, as
well as the peak demand for energy, in this table. The
difference between the value of the energy purchased from
the network and the energy returned and sold to it is depicted
in these graphs.

Fig. 7. Energy purchased from Grid (KW).

Fig. 3. Solar panel output.

Fig.8 Energy sold to Grid (KW).

Fig. 4. JA JAM6 (K) power output (KW).

B. Converter
The converter, its currency hours, the output and input
energy, and the converter's electrical loss.
The power statistics table, the quantity of the primary
output, and the maximum power that the converter can output
are all addressed, with the power index being 0.544.
Fig. 9. Grid Sales (KW).

D. Cumulative Discounted Cash Flow
As the simulation program conducts a feasibility study for
the capital, maintenance and replacement, if necessary, the
program refers to the recovery of the capital within 25 years
as shown in diagram.
Fig. 5. Fronius Symo 8.2-3-M Inverter Output (KW).

Fig. 6. Inverter Output (KW).
DOI: http://dx.doi.org/10.24018/ejenergy.2022.2.4.75

Fig.10 Cumulative Discounted Cash Flows
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E. Saudi Arabia, Riyadh: Electricity Consumption
Slightly Increased to 289.3 Thousand Gigawatt-Hours in
2021
According to data from the General Authority for
Statistics, electrical energy consumption in the Kingdom
increased by 0.2 percent in 2020, Increasing from 288.71
thousand GWh in 2019 to 289.3 thousand GWh in 2020
According to the authority's estimates, total electric energy
production in 2020 will be around 338.03 million gigawatthours, up 1% from 2019. The following table shows the
evolution of electrical energy use from 2010.
In 2020, the per capita share of electric energy sold fell by
2%, to 8.26 thousand kilowatt-hours, down from 8.43
thousand kilowatt-hours in 2019.

Fig. 11. Electricity consumed in Saudi Arabia.

Fig. 12. Electricity consumed in Saudi Arabia by regions (GWh).

IV. CONCLUSION
As a result of increased worldwide electricity
consumption, the need for renewable energy systems (RESs)
is evident. This study looked at photovoltaic systems as an
alternative energy system for residential homes in Riyadh,
Saudi Arabia. To simulate a PV on-grid system, a simulation
application (Homer Pro) was employed. The data shows that
a PV system can lower the cost of electricity (COE) and the
net present cost of the system (NPC). Depending on the
conclusion, the PV system demonstrates its possibility to be
used as a cost-effective renewable energy system for
residential homes.
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