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Abstract: The paper presents a technical and economic
analysis for two energy systems (conventional and
renewable) with grid connection. The investigation was
carried out using an experimental measurement for the
desired load and weather data (solar irradiance and
ambient temperature), were 5.1 kWh the daily energy
consumption as measured and 4.6 kWh/m?/day the annual
average of the solar irradiance. The simulation process was
done by using MATLAB and HOMER software at a 1 min
time step resolution. The economic optimization objective
presented for two energy system scenarios (i) photovoltaic/
grid and (ii) diesel/grid, takes into account the economic
aspects and component prices based on the Iraqgi market
and regulations. The diesel generator, very popular in rural
areas, is designed to work during the same period as the
photovoltaic system (only during day hours). The yearly
operating hours were recorded at 4380 h/year, and energy
generation was approx. 2349 kWh/year while fuel con-
sumption was 1826 L/year. The results showed that the
photovoltaic system in scenario (i) can generate about
7895 kWh, and for the diesel generator in scenario (ii), it
can generate approximately 2346 kWh. Furthermore, for
scenario (i) the levelized net present cost is $1079 and the
cost of energy is about $0.035/kWh, while for scenario (ii)
the levelized net present cost is $12,287 and the cost of
energy is $0.598/kWh. The use of solar energy is highly
recommended compared to diesel generators due to the
lowest cost and delivery of energy to the grid. Furthermore,
it can capture carbon dioxide by about 5295 kg/year.
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Introduction

Renewable energy is energy generated from natural re-
sources that do not run out and are constantly renewed,
such as wind, water and solar radiation etc. Renewable
energy generally does not generate waste like the burning of
fossil fuels, which are harmful to the environment and lead
to increased global warming as well as generating carbon
dioxide (CO,) (Jaszczur et al. 2020). Solar energy is the most
promising source among renewable energy resources,
because of its availability on most of the earth’s sites.
Photovoltaic (PV) systems generate electricity from solar
energy and feed the desired load as well as support the
national grid system during the daytime and periods of high
solar radiation (Styszko et al. 2019). Many applications are
conducted to use solar energy and can reduce energy taken
from the grid or from generators by decreasing the con-
sumption of diesel or gasoline by generators.

In the literature, several research studies can be found
analyzing PV power systems for different purposes and ap-
plications. A renewable energy PV system designed and
optimized to supply a load for a typical flat in Poland was
investigated by Ceran et al. (2017). The authors used exper-
imental load and weather data to set up a system size and
found that the presented approach is effective, which can
meet the electrical load and reduce annual energy taken
from the grid by about 66%. Palej et al. (2019), the optimized
renewable energy system consists of the photovoltaic system
with two objectives (environmental and economic). The re-
sults clearly showed the use of an economic objective system
with the lowest net present cost and high CO, emissions,
while a system with the highest net present cost and the
lowest CO, emissions was also clearly shown. Hassan (2021)
designed an optimized PV system in two scenarios, on/grid
and off/grid, for micro energy systems applications in Iraq.
The study was carried out using experimental electrical load
and weather data (solar irradiance, ambient temperature,
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and wind speed) to supply renewable energy to a typical
household in Iraq. The author uses MATLAB as a simulation
and optimization tool to obtain the optimum system capacity
that can meet the desired load. For the daily electrical energy
consumption of about 7.1 kWh, the author investigated
different PV system capacities between 2.275 and 5.98 kWp.
The results showed that the selected design can meet
the desired load and feed the grid with the excess energy
in on/grid scenarios. Furthermore, the author tested the
economic visibility for both scenarios and conditioned the
off/grid PV system to be more expensive than the on/grid PV
system; for off/grid, the total cost is $6244, and the cost of
energy is $0.19/kWh, while for on/grid, the total cost is
$6115, and the cost of energy is $0.18/kWh.

Abdulateef (2014) investigated the feasibility of designing
an off-grid/solar PV system to supply electrical energy to a
residential unit in Malaysia. The study aimed to design a
system that could meet daily energy consumption of 35 kWh.
The simulation process is carried out using MATLAB ata1h
resolution. The results showed that the optimal capacity for the
PV system is 11 kWp with 23.6 kWh batteries that can supply
38 kWh per day based on the intensity of solar radiation
intensity in the selected site. Huang et al. (2019) evaluated
a numerical method for designing an off-grid/off-grid
photovoltaic system with daily energy consumption of
15 kWh for a rural site. The method used for sizing the
system included three steps: the first, a mathematical
model for PV/battery; the second step, designing the
energy management strategy with a priority to feed the
electrical load (load following strategy); the power man-
agement strategy was set for the protection of system
components; and the third step, establishing the optimi-
zation model with MATLAB Simulink. The results demon-
strate that the designed system is highly reliable to feed the
desired energy. Riza, Gilani, and Aris (2015) investigated
the optimization of an off-grid photovoltaic system with the
storage batteries used to feed the night lighting system. The
authors used an economic optimization objective with two
dispatch strategies: load following and cycle charging. The
presented results showed that the cycle charging strategy is
more effective than a load-following strategy for such a
system, because the electrical load profile depends on the
energy stored by the batter (working only during the night),
while during the day, about 90% of the energy generated
by the PV component is used to charge the batteries. Olcan
(2015) optimized the off-grid/grid PV system with batteries
used to supply energy to the water pumping system.
The author used techno-economic optimization for sizing
system components. The results demonstrated that the
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techno-economic optimization objective is more reliable
than the genetic algorithm. Li et al. (2021) optimized an
off-grid PV/battery system consisting of 115 kW of photo-
voltaic units and 80 battery units (200 A-24 V/unit) to
supply power to feed residential buildings in China. The
presented study evaluates the capacity of the system ca-
pacity at three optimization objectives (technical, eco-
nomic, and environmental). In this investigation, the
authors focused on using solar energy to develop green
buildings in the future. The results demonstrated the sug-
gested system is the most economical at a total cost of about
$28,041 and an energy cost of 0.069 $/kWh, whereas it can
capture 26,609 kg/yr of CO, compared with Chinese con-
ventional energy.

Puranen, Kosonen, and Ahola (2021) investigated the
technical feasibility of a grid-based photovoltaic system for a
single-family house in Finland’s northern climates. The au-
thors tested two storage systems: a battery and a fuel cell
with hydrogen energy storage. The investigated PV system
was considered on the roof of the building with a capacity of
21 kWp, which was combined for the first investigation with
20 kWh batteries and the second investigation with three fuel
cell capacities of 4, 5, and 7 kW. The results showed that the
use of a fuel cell as a storage unit is more effective than using
batteries. Haffaf et al. (2021) measured, monitored, and
simulated the performance of the 2.4 kWp photovoltaic
system set up with grid connection in France. The simulation
process was performed using three different software pack-
ages: PV Watts, PVGIS, and HOMER. The results showed the
estimated energy produced by about 968.4, 3246.4, and
1382.7 kWh for the operating periods 2018 and 2020 oper-
ating periods, respectively. During the life span of the project
(20 years), for the year 2018, the estimated energy that can be
generated is approximately 5597.6 kWh and the avoidance of
CO, emissions is estimated at 4.17 tons. Guichi et al. (2021)
evaluated the optimum control strategy for solar PV systems
under conditions of partially shaded conditions. The authors
used the supervisory controller to ensure that microgrid PV
systems could rapidly and precisely deliver the amount of
energy they needed to the grid. The converter control strat-
egy is based on the combination of two algorithms: the in-
termediate power point tracker algorithm and particle swarm
optimization algorithm. The results showed that the use of
an intermediate power point tracker algorithm in the inverter
provides rapid and high-efficiency control. Li et al. (2017)
analyzed five solar tracking modes to evaluate the perfor-
mance of an off-grid solar PV system used for a residential
unit in China. The study compared the performance of the
off-grid PV system with a capacity of 2.02 kWp PV capacity at
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five positioning strings: fixed tilt, seasonal tilt adjustment,
vertical axis tracking system, horizontal axis tracking sys-
tem, and two-axis tracking system. The results represented
that the yearly maximum missing solar energy (134.68 kWh/
yr) at the positioning of the tilt angle 8 = 25°, azimuth angle
a = 0°, while for the two-axis tracking system is the maximum
solar energy can be collected. The investigation found that
the monthly average performance ratio for the fixed tilted
(0.689) and minimal for the two-axis tracking system (0.596).
Esfahani and Yoo (2016) used the Genetic Algorithm and
pinch analysis to size an off-grid, battery less photovoltaic
system for a water desalination system. The analysis was
carried out based on multi-objective optimization (technical
and economics), combining genetic algorithms and numer-
ical tools to minimize three objective functions to minimize
the total cost of the system in order to obtain the optimal
number of membranes, photovoltaic modules, and size of
the water storage tank. The results showed that the system
cost $13,652 and could supply fresh water at 10 m’/day.
Akinyele and Rayudu (2016) carried out a comprehensive
technoeconomic analysis for an optimized off/grid small
community PV system. The author’s used techno-
economic analysis for sizing system can feed daily load
by 175 kWh/d at 1% annual load growth in Nigeria. The
results clearly showed the optimum with a PV power
system capacity of 50-62.7 kWp, supplying energy of
approximately 98.91-99.56% for a desired load with a low
energy loss probability of 0.44-1.09%. Monjezi et al.
(2020) optimized a small-scale off-grid PV system used to
feed the reverse osmosis desalination system work in
reverse osmosis in Egypt. The PV system was sized
according to the capacity of the desalination system with
5 m’/day using experimental weather data (solar irradi-
ance and ambient temperature) for one year. The simula-
tion results show that the efficiency of the PV system
decreases during the summer session and increases during
the winter session due to the rising temperature of the PV
cell. Furthermore, the modeled results illustrated that us-
ing a reverse osmosis method helps to reduce 0.12 kWh/m>
in electricity energy consumption and can help reduce 6%
of the required solar panel area. Okundamiya (2021) sized
optimized photovoltaic systems with hydrogen energy to
satisfy the electrical load demand for the university labo-
ratory connected to unreliable grid energy. The study
aimed to shift the conventional grid energy system to a
sustainable energy system. The design and optimization
process were carried out using HOMER and adopted the
energy balance strategy. The hourly simulation resolution
was performed using a 22-year averaged solar irradiance at
the selected site in Naejeria. The results clearly showed that
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the combination of a 54.7 kWp PV system, a 14 kW AC/DC
inverter, a 7.0 kKW fuel cell system with a 3.0 KW electro-
lyzer, and an 8 kg hydrogen storage tank can sustainably
feed the electrical load at a high renewable energy fraction
of 96.7% at a cost of $0.0418/kWh. Said et al. (2021)
compared the performance of six main PV system config-
urations for the USA used for the domestic sector. In
addition, the effect of the reduction of battery backup size
from 24 to 12 h has been tested. The results demonstrated
that the central grid PV system configuration was
comparatively more efficient than the off-grid PV system,
which was supported by technological and economic as-
pects and more environmentally friendly, reducing 229-
237 tons of CO, emissions.

Rodrigues et al. (2016) investigated the comparison of
techno-economic feasibility for 1 and 5 kW PV systems in 13
countries for different scenarios in Europe. The results show
that for the on/grid scenario, the 5 kWp PV system is the
most profitable in Italy, and for the off/grid scenario, the
1 kWp is the most viable investment in Germany. Al-Waeli
et al. (2017) investigated the environmental and economic
feasibility of the off-grid/grid photovoltaic system used to
feed the water pumping in the rural Omani regions of Oman.
The simulation process conducted using HOMER software
shows that the PV systems cost about 0.309 $/kWh, which is
more economic than using diesel generation energy of
0.79 $/kWh. In addition, the use of photovoltaic systems is
more sustainable than fossil fuel. Al Hania et al. (2011)
evaluated an experimental study for an on-grid PV system
with models made from thin-film amorphous silicon in the
United Arab Emirates. The results showed that the short
circuit current drops by 1.18%/°C and the open circuit
voltage decreases by 0.065%/°C with increasing ambient
temperature. In addition, accumulative dust is more likely to
affect photovoltaic performance than ambient temperature.
Touati, Al-Hitmi, and Bouchech (2013) evaluated an exper-
imental study for two photovoltaic systems with technolo-
gies (monocrystalline and amorphous silicon) in a desert
region. The results clearly showed that the performance of
both technologies is more affected by accumulative dust
than ambient temperature and relative humidity. Further-
more, the amorphous technology was found to be highly
affected by the ambient temperature and relative humidity
compared to the monocrystalline technology.

This paper demonstrated the visibility, for compari-
son, of the use of renewable energy (solar energy) and
conventional energy (Diesel Generator [DG]) to feed the
desired load for the Directorate of Engineering Works at
Diyala Police Department. The modeled systems consisted
of two scenarios: (i) scenario consisted of (PV/grid) and (ii)
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scenario consisted of (DG/grid) which was optimized using
economical optimization. The energy price purchase/sell
back with the economic aspects has been set based on the
Iraqi market.

Suggested system description

The capacity of the PV system in scenario (i) was calculated
at 4.28 kW and was constructed with a 5.5 kW converter.
The setting of the energy strategy for the generated solar
energy during the day is called (load following), whose
priority is serving the desired load and delivering excess
energy that can be delivered to the grid. During the simu-
lation process, the tilt angle of the system’s tilt angle and
azimuth angle were set according to the yearly optimum
setting for Diyala, the azimuth angle (a = 0°) facing south
and the tilt angle (B = 30°).

Scenario (ii) designed the 5.0 kW DG connected to the
grid to serve the desired load, and the working hours have
been scheduled for the same period of PV energy generated
in scenario (i) (during day hours only), which does not send
energy to the grid during the operation period. Both sce-
narios are optimized for the economic (low cost of energy)
using an experimental measurement for the solar irradi-
ance and desired load where the simulation process carried
out by MATLAB and HOMER at (1°min) resolution, the
economic aspects, and energy prices are taken based on

Table 1: PV system components specifications.

PV module (LONGI)

Type LONGI (LR6-600PG)
Max. power 345 W
Tolerance +5

Voltage at Pyax (Vimp) 31.6V

Current at Pyqax (Inp) 10.92A

Open circuit voltage (Vo0 38.3V

Short circuit current (Isp) 11.72 A
Operating temperature —40 to +85 °C
Temperature coefficient of power -0.35%/°C
Module efficient 19.7%

Solar inverter (Soropower)

Type REVO Il 5.5 kW
Rate power 5500 W

DC input 48 VDC, 130A
AC output 54 VDC
Efficiency 93.5%

Diesel generator (Caterpillar)

Type CAT

Capacity 5 kW
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Table 2: PV system components economic specifications.

Component Capital (5) Replacement () 0&M Life span
PV module 110 100 10/yr 20 yr
Solar 450 400 10/yr 15yr
inverter

Diesel 2000 2000 0.05 ($/h) 300,000 h
generator

the Iraqi regulations. Table 1 shows the specifications of the
selected components, and Table 2 shows the economic
aspects of the selected components.

Experimental data used
Charge demand

For the period of January 1, 2020 to December 31, 2020,
experimental measurements of the electrical AC load for a
selected office in Baqubah were conducted using a smart
meter with a data transmitter. Two refrigerators with 1.6 kW,
three computers with 0.26 kW each, a vacuum cleaner with
1.8 kW, copying equipment with 0.7 kW, two printers with
0.13 kW, five ceiling fans with 0.3 kW each, and LED lamps
(with 8—20 W) are used for illumination. In 2020, the annual
electricity consumption was 1884.94 kWh. The temporal
load resolution is calculated as follows: (1 min). Figure 2
(@) and (b) show the monthly averaged electricity con-
sumption for the full year and the daily power distribu-
tion for two chosen days. The results demonstrate that
instantaneous power fluctuates greatly, varying more
than 500% from the daily normal power of 250 W. In
comparison to the annual average value, the monthly
average energy consumption fluctuates by no more than
10% month to month.

Solar radiation

Pyranometers on a horizontal plane recorded global solar
radiation for the city of Baqubah at latitude and longitude
(33.7733° N, 45.1495° E). The experimental data for Figure 3
(a) and (b) were acquired from the Iraqgi Meteorological Or-
ganization and Seismology (IMOS) at 5 min resolution for
the period January 1, 2020 to December 31, 2020. The results
show that the monthly averaged solar radiation and daily
solar radiation distribution vary significantly by month.
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Figure 3: Incident solar radiation for selected days (a) and monthly averaged (b).

Mathematical modeling
Power of photovoltaic

The electric power generated by a PV system is highly
dependent on the total solar radiation that is incident on
the PV modules. The power output from the PV system
in this work is based on local experimental measurement

of solar radiation calculated according to the following
equation (Hassan et al. 2016):

where Cpy is the rated capacity of the PV array (kW), Il¢
denotes the PV derating factor (%), Gy, is incident solar ra-
diation (kW/m?), Gr.src is incident solar radiation (kW/m?

Gr

T,STC

Ppy = CpyMpy [1+ ap (Tc - Tc,STC)]( )
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standard temperature conditions (STC), a,, denotes the PV cell
temperature coefficient of power (%/°C) taken — 0.35%/°C
in this work (LONGI), T, is the temperature of the PV module
(°C) and T¢ syc is the temperature of the PV module (°C) at STC.

To ensure the accuracy of the current computations,
the impact of module temperature Tc on the PV power is
evaluated.

Load balance equation

The simultaneous load balance equation for the PV/Grid
system ensures that the electricity demand is satisfied at
any time from the photovoltaic system or from the grid,
according to the formulation:

Scenario (i). ©
where Pjoq.4,¢ iS the instantaneous electrical load (KW),
Prrom the gria, ¢ is the instantaneous power taken from the
grid (kW), Ppy, is the instantaneous power generated by
the photovoltaic system (kW), where t denotes instanta-
neous time.

The simultaneous load balance equation, which de-
scribes the power flows between the system components, is
defined as follows:

PLaad,t = PFrom grid,t PPV,t

Prromgrid,¢ for Ppy,=0; Progria,c =0
Proadt = { Prromgriat + Prv.c for  Ppyt <Proadts  Progriat =0 3)
Ppy ¢ for Ppy,2Proaas PTugrid,t >0
Scenario (ji).
PLoad,t = PFromgrid,t + PDG,t (4)

where P, is the instantaneous power generated by DG (kW).

The simultaneous load balance equation, which de-
scribes the power flows between the system components, is
defined as follows:

PFromgrid,t fOY PDG,[ =05 PTogrid,l =0
Proad,t = | Prromgriat + Ppc,e  fOr  Ppg,t < Proad,s  Progria,c =0 (5)
Ppg,¢ for Ppgt2Proaar; Progriae=0

Cost of energy

The cost of energy (COE) is the average price of energy in $
(or another currency) per kilowatt-hour (kWh). This cost
in energy systems is governed by a number of elements,
including the original capital cost, the operation and
maintenance expenses, the depreciation period, the
amount of energy produced, and the possibility for a
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decreasing trend in equipment costs with increasing
volumes (Hassan 2020; Jaszczur, Hassan, and Palej 2019).
It is as follows for a system that is linked to the grid.

Carm, tot

COE =

Eprim,AC,DC + Egrid,sales (6)
where E,imacpc denotes the principal AC & DC load
serviced, Eggsqles, denotes total grid sales and Cgpp o de-
notes the total annualized cost of the system, which includes
the annualized costs of each system component as well as
the overall yearly cost of the system.

Annualized costs of each system component

Include the initial capital cost of each component over the
project’s lifetime. It can be calculated using the following
equation (Abdulateef et al. 2021):

Cann,cap = Ccap - CRF (l’ Rproj) (7)

where: Ry, is the project lifetime, Cc,, is the initial capital
cost of the component, CRF() is the capital recovery factor
calculated as follows (Jaszczur et al. 2021):

ia+ny

CRF(I,N) = m

(8)

where N denotes the number of years and i denotes the real
interest rate in percent.

i ot
T1+f,

where h is the nominal interest rate (the rate at which you
could get a loan) and f, is the annual inflation rate.

Total net present cost

Total net present cost (NPC) of the system is the present
value of all expenses spent over its life span, deducted
from the present value of all revenue collected during
that period. Capital expenses, replacement costs, oper-
ation and maintenance (O & M) costs, fuel costs, pollu-
tion fines, and the cost of buying electrical energy from
the grid are included with these costs. Revenues are
comprised of salvage value and grid sales. Calculate
using the following formula (Jaszczur, Hassan, and
Palej 2019):

Carm, tot

CRE (i, Ryrg) ©

CNPC =
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Cost of operation and maintenance (O&M)

The cost of operation and maintenance (O&M) combines
the system fixed operating costs and the cost of system
maintenance.

C.s is a capacity shortfall penalty applied to the sys-
tem for any capacity shortages that occur during the year,
while E is a total capacity shortage or yearly capacity
shortage that occurred throughout the year.

Life cycle cost

The life cycle cost (LCC) of hybrid power systems is the
overall cost incurred during the system’s productive life,
including the original capital cost, installation cost, oper-
ation and maintenance cost, replacement cost, fuel cost,
and salvage value. Generally, the superior system has a
lower LCC (Ceran et al. 2021; Hassan et al. 2021; Jaszczur
and Hassan 2020; Shaahid 2011; Shaahid and Elhadidy
2003; Shaahid et al. 2010; Shaahid, Al-Hadhrami, and
Rahman 2014), which is computed as follows:

LCC = Initialcost + O & M cost + Fuel cost
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Results and discussion

The study was conducted using two optimization objectives:
economic and technical. The analysis was conducted using
the experimentally determined electrical load for a 1 min
time step resolution and the proposed systems for scenarios
(i) and (ii) (see Figure 1). The optimization method was
implemented as a simulation of the system’s functioning,
with all simulations including energy balance calculations.
At each time step of the simulation, the outcomes compare
the electric demand to the energy that the system can pro-
vide compute the energy flows from each system compo-
nent. The results of these energy balance computations were
analyzed for each system scenario. The design may then be
evaluated to see whether it is acceptable.

The project has a 20-year life span, and the yearly dis-
count rate is 6%, the annual inflation rate is 4%, and the
interest nominal rate is 4%. Grid energy costs were calculated
using Iraqi prices throughout the measurement period and
were equivalent to 0.0.35 $/kWh for energy purchase and
0.11 $/kWh for energy selling. In (a) and (b), Figure 4 com-
pares the power flow between two scenarios (i) and (ii) on the
specified sunny day (01.06.2020). Figure 4(c) and (d) depict

(10) . .
+ replacement cos t — Salvagevalue the energy flow comparison between two scenarios for the
45 45
—— Load PV+Grid @) —— Load DG+Grid (b)
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Figure 4: The power and energy flow distribution for the selected sunn

y day 01.06.2020.
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Table 3: Daily energy flow distribution in (kWh) for the selected
sunny day 01.06.2020.

Scenario Load PV DG Fromgrid Fedto grid Excess

energy
i 4.45 35.05 - 1.98 29.07 0
ii 4.45 - 6.21 1.94 - 3.70

same day. In scenario (i) the extra energy created is intended
to be used to power the grid. As depicted in Figure 4(a)
and (c), the energy generated by the PV system increases as
the sun rises and peaks at noon, before gradually decreasing
until evening, when the expected energy generated by the
5.0 kW PV system for the selected day is approximately
35.05 kWh, the daily energy consumption is 4.45 kWh, the
expected energy can be delivered to the grid at approximately
29.07 kWh, and the energy taken is approximately 4.45 kWh.

Figure 4(b) and (d) show the distribution of the power
and energy flow for the scenario (ii), where the DG is
designed to work only for the same period as the PV sys-
tem, and the set does not deliver energy to the grid. For the
selected day of 10.06.2020, the expected energy generated
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by DG is approximately 6.21 kWh, the excess energy is
approximately 3.74 kWh, and the energy taken from the
grid is approximately 1.94 kWh (refer to Table 3).

Figure 5 shows the comparison of the power flow be-
tween two scenarios (i) and (ii) for the selected partly
cloudy day (02.05.2020) in (a) and (b), respectively.
Figure 5(c) and (d) show the comparison of the energy flow
between scenarios for the same day. For scenario (i), the
excess of the energy generated is designed to feed the grid.
It is very clear from Figure 4(a) and (c) that the energy
generated by the PV system fluctuates due to the fluctua-
tion of the solar irradiance, which is why the energy
generated is less than a sunny day, which is expected to be
approximately 23.05 kWh and the daily energy consump-
tion is 4.89 kWh, the expected energy can be delivered to
the grid at approximately 17.99 kWh and the energy taken
from the grid during the night period is approximately
2.32 kWh (refer Table 4 and Figure 5(a)).

Figure 5(b) and (d) show the distribution of the power
and energy flow distribution for scenario (ii), where the DG
is designed to work only for the same period as the PV
system, and the set does not deliver energy to the grid. For
the selected day of 02.05.2020, the expected energy
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Figure 5: The power and energy flow distribution for the selected sunny day 02.05.2020.
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Table 4: Daily energy flow distribution in (kWh) for the selected
cloudy day 02.05.2020.
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generated by DG is approximately 6.58 kWh, the excess
energy is approximately 3.5 kWh, and the energy taken

from the grid is approximately 1.94 kWh (see Table 4).

Scenario  Load PV DG From Fedto Excess ener .
grid  grid & Figure 6(a) and (b) show the monthly energy flow
distribution for the scenario (i) Figure 6(a) and for scenario
! 4.98  23.05 - 232 17.99 (ii) in Figure 6(b). For scenario (i), the lowest energy is
ii 5.89 - 6.58 1.94 - 3.5 .
generated by the PV system in winter months (January and
1100 1100
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1000 g Grid N e N (a) 1000 g gﬁd (b)
900 - ] 900 |
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Figure 6: Monthly energy flow distribution for two scenarios.
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Figure 7: Annual energy flow distribution for two scenarios.
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Table 5: The PV/Grid system annual cost.

Component Capital (S/yr) Replacement ($/yr) O&M (S/yr) Fuel ($/yn) Salvage (S/yr) Total (S/yr)
PV -139 0 -145 0 0 -284
Grid 0 0 235 0 0 235
Converter -31 -12 -8 0 6 —45
System -170 -12 82 0 6 -94
Table 6: The DG/Grid system annual cost.

Component Capital (S/yr) Replacement (S/yr) O&M ($/yr) Fuel (S/yr) Salvage ($/yr) Total ($/yr)
DG -174 -60 -131 -639 49 -956
Grid 0 0 -115 0 0 -115
System -174 -60 -247 -639 49 -1071

3000 - DG Component erid
(@) °7

2000

1000 -

Grid
-1000 -

Net Present Cost, $
o
1

-2000

-3000

Component

Figure 9: The total NPC for two scenarios.

Net Present Cost, $

December) and the highest energy is generated in summer
months (July) (refer to Figure 6(a)). For scenario (ii), the
energy generated by the DG system fluctuates from winter
to summer, which depends on the energy consumption

each month (refer Figure 6(b)).

The yearly energy produced by each component is
shown in Figure 7(a) and (b). The estimated energy produced
by the PV system is approximately 7895 kWh, while the

Table 7: The PV/Grid system total NPC cost.

-2000

A

S

=3

=3
1

-6000 —

-8000

-10000

expected energy generated by the DG system is approxi-
mately 2346 KWh. In scenario (i) about 89% of the energy
produced by the PV system feeds the required load, whereas
in scenario (ii), approximately 75% of the energy generated
by the DG system feeds the applied loads (refer to

Figure 7(b)).

Figure 8(a) and (b) with Tables 5 and 6 show the annual
cost for both scenarios. For scenario (i), the total annual cost

Component Capital () Replacement ($) 0&M (S) Fuel (S) Salvage (S) Total (S)
PV -1594 0 -1662 0 0 -3257
Grid 0 0 2696 0 0 2696
Converter -360 -134 -92 0 67 -519
System -1954 -134 -942 0 67 -1080
Table 8: The DG/Grid system total NPC.

Component Capital (S) Replacement (S) 0&M (S5) Fuel (S) Salvage (S) Total (S)
DG -2000 -690 -1507 -7330 564 -10,963
Grid 0 0 1324 0 0 1324
System -2000 -690 -2831 -7330 564 -12,287
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Table 9: Pollutant due to fuel consumption in scenario (i).

Pollutant Emissions (kg/yr)
Carbon dioxide 5295
Carbon monoxide 11.9
Unburned hydrocarbons 1.31
Particulate matter 0.895
Sulfur dioxide 11.8
Nitrogen oxides 107

of the system is approximately ($94) due to the profit of the
energy feed to the grid of about ($235) (refer Table 5), while
the annual cost for scenario (ii) is approximately ($1071) due
to the cost of fuel, which is recorded at ($639) per year (refer
Table 6), where the fuel prices are taken at $0.35/L.

Figure 9(a) and (b) with Tables 7 and 8 show the total NPC
for both scenarios. For scenario (i), the total NPC of the system
is approximately $1079 due to the profit of the energy feed to
the grid (refer to Table 7), while the annual cost for scenario (ii)
is approximately $1287 due to the cost of fuel (refer to Table 8).

Conclusions

In this research, we give a comparison of two energy systems
that are connected to the grid. The evolution process is car-
ried out with the use of experimental data on solar irradiance
and electrical load. The simulation process is carried out with
the help of MATLAB and HOMER at a time-step resolution of
1min. On the basis of Iraqi market and regulatory conditions,
the economic optimization aim is provided for two energy
system scenarios (i) PV/grid and (ii) DG/grid, taking into
consideration the economics and component prices.

The DG was designed to work during the same period as
the PV system (only during day hours), where the yearly
operating hours were recorded at 4380, which can produce
2349 kWh/year and consume 1826 letters/year. The results
showed that the PV system in scenario (i) can generate
approximately 7895 kWh of energy, and for DG in scenario
(i), it can generate approximately 2346 kWh of energy.
Furthermore, scenario (i) levelized NPC ($1079) and COE
($0.035/kWh), while scenario (ii) levelized NPC ($12,287)
and COE ($0.598/kWh) and the amount of pollution due to
the fuel consumption described in Table 9 (Palej et al. 2019).
The use of solar energy is highly recommended over DG due
to the lowest cost and participation in grid energy support.
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