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Electrical power is considered as a significant part of contemporary life, and
an essential element for development. Fossil fuels have been utilized since
the beginning of the twentieth century for electricity generation. However,
fossil fuels depletion at the escalating pace as well as their formidable
negative implications upon ecosystem contributed to increasing interest in
harnessing renewable energy sources for producing electric power to meet
the growing demand worldwide. In Iraqg, the electrical supply is not sufficient
to supply 12 hours a day of electricity. Many rural areas, particularly their
schools are suffering from the electricity shortage such as Umm Qasr
Primary School that located 20 km away from the city centre of Karbala city
in the middle of Irag. In order to overcome this issue, this paper proposes a
hybrid system which relies on renewable resources and the local grid to
electrify Umm Qasr Primary School. Various combinations of energy
resources have been analysed by using HOMER software to estimate an
optimum hybrid system. The analysis illustrates that the optimal
configuration of the projected system is composed of 22.4 kW PV modules,
59 batteries, and 5738kWh purchased from the local grid which has reduced
the net present cost(NPC)from US$ 163791 the current situation to
US$60,420 for the proposed system. The simulation findings also
demonstrate that detrimental emissions have been reduced significantly.
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1. INTRODUCTION

The rapid depletion of fossil fuels, the degradation of biophysical environmental, and the growing
need for electricity has motivated interest in the utilisation of renewable energy technologies. Therefore, this
trend creates global awareness towards adopting renewable energy resources to meet the required demand
and mitigate the impacts on the environment [1]. Although many countries have fulfilled the increases of
energy demands by increasing their electricity generation capacity, there are still countries suffering from the
shortage of reliable electricity for a normal life and daily activities [1-5]. In Iraqg, the government has faced
difficulties with meeting the necessary demand since 1992 [6]. Although considerable efforts have been
made to solve this problem, the supplied power for the Iragi consumer is less than eight hours a day [7].
Consequently, a hybrid power system based on renewable energy sources, including the wind, solar, and
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others, can be a potential solution to mitigate the problem of electrical outage for communities, schools, and
householders [7]. Indeed, Iraq has a high annual amount of solar irradiation [8]. Consequently, this potential
energy resource can be widely harnessed in educational facilities such as schools, especially in remote and
rural areas. Substantial researches have been undertaken into sizing hybrid solar-wind systems to meet
growing demand worldwide. Furthermore, there are scientific and systematic methods that could be used for
the aim of optimising hybrid systems such as HOMER software, direct methods and intelligent based
methods.

Khalifa [9] introduced a hybrid to model a PV-wind and diesel generator to supply the required
electricity for Reverse Osmosis (RO) desalination units in a remote area, Karbala city, Irag. Khalifa used
HybridRO software as an optimisation program. Salwan and Sopian [10] investigated the implementation of
a hybrid system (solar and wind energies) by utilising HOMER software for three cities in Iraq which are
Basrah, Mosul and Baghdad. This system is proposed to install as a backup system during the outage of
electricity time or supply the electricity power for 750 small houses in a remote area. Nawawi et al. [11]
studied the implementation of a hybrid system (diesel generator and solar) using HOMER software
in Al-Gowair, Irag.

This study conducted the feasibility of supply electrical power for the remote area. Zhang [12]
presented a direct search algorithm to calculate the optimal sizing of a stand-alone hybrid system that
composed of wind, solar and diesel generator. The search algorithm has been used to choose the optimal
types and number of units from among a set of commercially offered system devices guaranteeing enough
energy to encounter the demand. Moreover, Tafreshi [13] has employed Genetic Algorithms to implement an
optimum unit sizing of distributed energy resources. Celik [14] presented an innovative sizing technique to
model hybrid wind-solar-battery storage system. In this case, it is noted that eco-technical optimisation of
independent energy systems should comprise of the following scheme parameters, including autonomy level,
the system cost, the estimated time for the particular load to be met. In this paper, a hybrid solar-diesel-
storage system is adapted to evaluate the feasibility of using a hybrid model in rural areas in the middle of
Irag. Solar irradiance and load profile of the studied site located in Karbala are taken into consideration to
design the optimal sizing of a hybrid system that can meet load demand for this area. The validity of this
model is analysed by using HOMER software which is a computer-based simulation program that developed
by the National Renewable Energy Laboratory (NREL) with the aim of evaluating various designs for both
on the grid and off-grid electrical power systems for stand-alone and remote locations applications.

2. METHODOLOGY

The projected hybrid system of this school consists of different energy resources such as solar
panels, diesel generator, battery storage devices as well as electricity purchased from Iragi national grid.
In this system, the power converter is required to convert D.C power that received from photovoltaic array or
battery to A.C power. This scheme is designed to meet Umm Qasr Primary School requirements. In this case
study, the optimal configuration of the hybrid system has been carried out by the HOMER software
environment. The three significant tasks that are simulation, optimisation and sensitivity factor are achieved
to evaluate the performance of the Designed model. Such these tasks enable researchers to evaluate
the technical feasibility and a vast range of technology possibilities as well as to clarify variations in the cost
of technology, and the availability of energy resources, both renewable and traditional energy resources can
be simulated in the HOMER environment [15]. HOMER software is used to model the physical behaviour of
the system and its lifetime cost that embraces the installation and operation costs of the system throughout its
life-cycle. The optimisation process is repeated for every selection of sensitivity which are the solar
irradiance, diesel fuel prices variables for the hybrid system. In this case, different scheme choices based on
their economic and technical merits can be compared in this software to select the best choice for
the proposed site.

3. SITESELECTION

Currently, the population of Iraq is around 36 million who live in 18 major states, and these states
are supplied by electrical power based on diesel and gas stations by the government. However, the electrical
power that supplied by the government is intermittent and fluctuated all the day, and hence some remote
areas suffer from shortage electricity such as the city of Karbala where a school is selected to be a case study
in this research. Umm Qasr Primary School is located in a rural area which is 20Km far to the East of
Karbala city as shown in the Figure 1.
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Figure 1. The location of the studied school in Karbala

This school is selected because it is very close to one of the meteorology station of Iragi Agro-
meteorological Network. Additionally, this school is connected to the national grid which suffered from
schedule outage which is usually more than 5 hours during normal business hours. Also, the school building
consists of administration room, classrooms, as well as toilets and the average demand for this school daily,
can be represented in Table 1.

Table 1. Types of the load in Umm Qser School

Load type Quantity Watt/ item Total Watt Use hr/day KWh/day
Lamps 40 50 2000 8 16
Refrigerator 2 200 400 10 4
TV set 1 150 150 6 0.9
Water pump 1 500 500 3 15
Ceiling fan 15 375 5625 7 39.375
Air condition 2 2000 4000 6 24
Total consumption per day 85.775

According to the reports from the United Nations (UN), the average electrical power supplied to
the consumers in Iraq is around 8 hours per day [7]. Therefore, the diesel generator is used as a backup
system as an optional choice to provide electrical power to the consumers. However, this trend is associated
with many environmental problems regarding health problems and high emissions rates as well as the use of
diesel generators impose additional fees to the consumers who might not be able to pay these fees [11].

Approximately 300 students are attending this school from Sunday to Thursday. The average
consumption of eight kWh with a peak of 12.6 kW based on daily consumption. Figure 2 shows the average
daily and monthly average energy consumption of the school. It has been considered the actual working load
which is 8 hours during the working day and the break school period which is from July to October as shown
in Figure 2.

According to the nearest metrology station which is 5 km far from the school, the average annual
wind speed and solar irradiation resources in the east of Karbala city are shown in Figure 3. It is evident from
the Figure 3 that the wind speed is not sufficient to generate electricity because the maximum speed is less
than 2 m/s. Indeed, a significant number of researchers assured the same problem where the wind speed is too
low, and it is not able to produce electrical power even if the wind turbine can be rotated [12, 16]. Therefore
the hybrid system will be designed only Based on solar panels as a renewable resource to generate
the required electricity needed by the examined site.
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Figure 2. Daily, Seasonal and yearly average energy demand of the school
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Figure 3. The annual solar irradiation and wind speed in East Karbala [12]

4. HYBRID SYSTEM COMPONENTS

The primary objective of the respective study is to conduct an optimal configuration of the solar-
diesel-battery storage hybrid system. All required data, including load profile, and solar irradiance have been
taken from the Iragi. Agro-meteorological Network, Umm Qasr Primary School, is employed as a case study
to comprehend the importance of using renewable energy sources in Iragi countryside schools to overcome
electricity shortage there. The longitude and latitude angles of school region are 36 and 56 individually.

This school has about 40 lighters, two air conditioners, 15 fans, and four heaters. The life cycle of this system
is 20 years.

4.1. Battery

A battery model is functioning as energy storage and backup systems which can assist a projected
system to be more secure [17]. The batteries collections are linked in combination between parallel-series
construction. In this case, all battery properties assumed to be constant throughout its life cycle regardless of
the ambient temperature. The proposed battery is manufactured by Surrette Company where it is model
Surrette S12-95AGM with a capacity of 85 Ah and operated with a voltage of 12 V [16]. Also, the number of
batteries is assumed to be between 0-200 units in the analysis of HOMER application.
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4.2. Diesel generator

Generators consume different types of fuels to generate electrical power. In this particular,
the generator can be categorised into different kinds, including diesel, propane, bio-fuel and gasoline. In this
paper, Diesel generator has been selected to produce electrical power to the proposed hybrid model, as diesel
fuel is considered more efficient in comparison with other fuel types [19]. Diesel generator that has been used
for the proposed hybrid system has a rated power of 14 kW with a rated speed of 1800 rpm which depend on
the load profile of Umm Qasr School. The capital cost and Operation and maintenance expenditure of
the diesel generator is 410 US$/kW and0.25 US$/hr respectively. The maintenance and operation expense of
the diesel generator is US$ 0 .03/hr. In general, the cost of diesel is about US$0.35/L while this price can
increase up to US$0.7/L for remote areas due to transportation costs.

4.3. Solar panels

The photovoltaic array comprises of interconnecting several PV panels in parallel or series
formulation. PV panels collection produce D.C power based on the amount of solar irradiance incident on it
[10]. The estimated magnitude of PV array arrangement utilised in this model is 250 w at 30volts [20].
A de-rating factor that has been applied to the solar system was approximately 95%. The capacity of solar
panels is assumed to be within the range of 0-200kW in the HOMER's analysis.

4.4. Converter

Converter transforms DC electric power to  AC power. In this hybrid system, the converter size is
assumed to be between 0-100 KW. The capital and replacement costs are 100 US$/kW [21]. The life cycle
and efficiency of the converter are taken to be 15 years and 85% respectively.

5. THE PROPOSED SYSTEM ANALYSIS

The main aims of the proposed model for the hybrid system are to provide electrical power for
the school on a 24 hr basis with the most economical way. Although the school is only opening during day
hours, however, the electrical power is sorely needed for the aim of supplying the fridge and water pump
during the whole day. Indeed, the proposed system will be investigated by using HOMER software to decide
whether it is feasible or not on such this location based on solar irradiance data. The technical feasibility of
the proposed system can be decided based on its ability to supply electricity to the school as well as to satisfy
the constraints stated by the user. Additionally, the economic feasibility of this design can be estimated
through implementing the net present cost analysis (NPC) with considering capital, installation operation and
maintenance costs with a life span of 25 years that assumed for the project. This project aims to provide
techno-economic feasibility of the integration of solar panels, energy storage devices and diesel generators as
a hybrid power system for the aim of providing 24 hrs of electricity supply. The architecture of the proposed
hybrid power system can be illustrated in Figure 4. The PV system supplies the demand with the required
energy, and if the generation exceeds the demand, then the surplus energy will be stored in the battery.
Also, if the energy stored in the battery, and generated from the solar power is not enough to supply
the demand, then the diesel generator will be used to supply the rest of the demand in case there is no
electrical power from the grid.

On the optimisation approach, the HOMER application will simulate all the possible scenarios of
system configurations to get the most techno-economic approach. Additionally, the prices of diesel, PV,
battery and grid purchase are presented in Table 2 where all these prices were collected from governmental
and commercial resources in Irag.

AC DC
Gen Electric Load #1 PV
(B - m
57.54 kWh/d
12.60 kW peak
Grid Converter 1kWh LA
i ﬂ \ -

Figure 4. Schematic of the proposed hybrid power system
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Table 2. The price of input components used in the simulation program

Input Parameters US Dollar
Fuel prices 0.35 US$ [19]
Diesel generator 500 US$/KW [20]

PV 410 US$/KW [17]

Converter 100 US$/kW [18]

Battery 250 US$/KW [21]
Grid 0.25 US$ /kWh [22]

6. RESULTS AND DISCUSSION

Technically, the load has a significant impact on the design of hybrid power systems regarding
selecting the solar, wind, diesel and battery sizing and parameters. In this case study, the daily load for
the studied school 2.4KWh, peak demand = 12.6KWh while the total annual demand is around 235.8 MWHh.
The load variations during the whole year based on annual measure can be represented in Figure 5.
Also, the proposed model for the school based on load data and solar irradiance data consists of a solar panel
and the grid supplier as the school only required the energy at the day hours where the sun is available.
The HOMER suggests that the size of the solar system is around 25 KW with a 5212 kW need to be
purchased from the grid supplier in order supply the school with 24 hours of electricity.
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Figure 5. The average daily load for the projected school in Karbala in Iraq

Additionally, several case studies are considered in this case study regarding adding diesel
generator, battery energy storage as well as grid supplier. HOMER software simulates different system
configurations during the optimisation process as shown in Figure 6. This figure illustrates that the optimal
configuration of the hybrid system can be achieved by integrating 22.4kw PV modules, 59 batteries and 5738
KWh of energy that purchased from the national grid to compensate electrical energy shortage during the
outages times of domestic grid. The net present cost and grid-purchased proposed systems are US$ 60,420
and 0.25 US$/kWh respectively. Additionally, the penetration rates of each component in the projected
hybrid system are presented in Figure 7 where it shows that the penetration level of renewable energy is
around 83% and the grid supplies around 17% of energy requirements for the school to meet the daily
demand. Furthermore, a solar and battery solution is considered to be feasible and better than the current
situation but the cost of this combination exceeds the first two solutions, and consequently, this solution is
not economically feasible in comparison with the hybrid first two solutions.
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m 100 178 46.7 40531 $144,023 $90,166 0 0
I o Z] 140 9 202 S0.5e4  $156,064 $9,452 527229 7453
i 14.0 $0.559 $163,791 $7,000 5593473 8439

Figure 6. The best categories optimisation results by HOMER Pro

Feasibility study of achieving reliable electricity supply using hybrid power ... (Hussam M. Almukhtar)



2828 O

4
EES
2

1a Feb War g My Ln 1d by sep Ca by Daz

ISSN: 2088-8708

Ko-lhly dwzrzge Baoric Freduzon

Figure 7. The penetration level of each component in the first hybrid power system [23]

Furthermore, the simulation findings exhibit another optimal configuration that composes of 26.5
kW PV modules, 14 KW generator, and 971 kWh of energy that purchased from the grid. The projected
system costs are 129,381 and 0.25 US$/kWh as NPC and purchasing of grid supplier respectively. Indeed,
the second optimal solution associates with the use of diesel generator and with different penetration levels as
shown in Figure 8. It can be seen that the penetration level of solar energy is around 54.5% while the diesel
generator supplies around 28.8% and the rest are supplied by the main grid. Moreover, the detailed technical
and economic data of the main components of the hybrid power system is tabulated in Table 3.
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Figure 8. The penetration level of each component in the second hybrid power system

Table 3. The economic and technical data of the hybrid power system parameters

7.

Description Data

PV

Capital cost 410 US$/kW
Lifetime 25 years

Operation and maintenance cost
Diesel Generator

10 US$/year

Rated power of each diesel unit 14kW

Minimum allowed power 40% of rated power
Operation and maintenance cost 0.25 US$/h
No-load fuel consumption 0.571l/h

Full load fuel consumption 2.3l/h

Lifespan 15000hrs

Batteries

Type of batteries Deep Cycle Battery
Nominal voltage (V) 12v

Nominal capacity 280Ah

State of charge (SOC) 30%

Operation and maintenance cost 10/year

ENVIRONMENTAL BENEFITS

The use of conventional resources such as gas, oil and coal associated with destructive damage to
the environment and the health as these resources associated with gas emissions. Therefore, the adoption of
renewable energy resources such as solar and the wind can play an essential role in mitigating the serious
impacts of fossil fuels resources. Also, the use of hybrid power systems can also reduce the number of gas
emissions as these systems include a mix of renewable energy and conventional resources. In this case study,
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the proposed hybrid power system can play a vital role in reducing the number of emissions. Table 4
illustrates some reduced gas emissions after adding the hybrid power system to the studied school.
The number of gas emissions has been reduced by around 56% with using a hybrid system composed of solar
PV, diesel generator and the grid supplier and by 100% with using a hybrid power system that consists of
solar PV and battery energy storage. Indeed, the use of hybrid power systems in such educational places can
promote awareness regarding the environmental damage of conventional resources as well as support
the widespread of renewable energy resources in Iraq and more specifically in remote locations.

Table 4. Comparison of gas emissions amount with and without hybrid power system

Emission Type Current Gen+ Grid PV + Diesel + Grid PV + Battery + Grid
Carbon Dioxide 18,332.01 8,036.75 -2,187.52 Kalyr.
Carbon Monoxide 32.69 24.07 0 Kalyr.
Unburned Hydrocarbons 3.62 2.67 0 Kalyr.
Particulate Matter 2.46 1.81 0 Kalyr.
Sulphur Dioxide 48.65 12.15 -9.48 Kalyr.
Nitrogen Oxides 302.52 211.11 -4.64 Kglyr.

8. CONCLUSION

In this study, the size of PV, battery, diesel generator and the grid is optimised by using HOMER
software based on a techno-economic approach for Umm Qasr Primary School in Irag. Indeed, the simulation
process is achieved based on historical data of solar irradiance and average daily load for the studied school
with a period study of 25 years. The proposed system is simulated and analyzed with considering all
the possible scenarios of components' combinations in order to supply the daily demand of Umm Qasr
Primary School. Additionally, the net present cost is employed to compare configuration selections based on
the most economical approach. The estimation of installation and operation cost over the lifecycle at a
particular region were magnificently analysed by using the project methodology. Indeed, the HOMER
software suggested a hybrid model that composed of solar PV, battery and grid supplier as an optimal
solution to overcome the problem of an electrical outage in the studied school. The optimal size of
the proposed system consists of 22.4kW solar PV, 59 units of batteries with 5738 kWh of energy that
purchased from the grid. Also, this hybrid system is capable of providing 24 hours of electric supply to
the school by protecting the environment, and the health of the people form rapid increments in the pollution
levels. The adoption of the hybrid power system that based on renewable energy resources can mitigate
the problem of an electrical outage in Iraq especially with the amount of solar irradiance that received daily
in the majority of areas in Iraq. Therefore, investments in solar energy resources should be encouraged and
supported in Iraq as it is the only possible solution to the energy crisis in the foreseeable future in Irag.
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