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Abstract: Current power systems create environmental effects because of
the using of fossil fuels, specially coal, since CO, is released to the
atmosphere. Contrary to conventional energy sources, renewable energy
sources produce a clean energy which is in general free of pollution,
environmentally sustainable and technologically efficient. There is an
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sunlight into electricity. The goal of this research is to design an optimum
Techniques, Al-Hussain off-grid photovoltaic/diesel hybrid energy system for a remote hamlet in
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In spite of the abundant of fossil fuels in Iraq,
energy shortages started in 1991 because of the

Introduction

A current issue of public focus is the requirement
for potent, sustainable and environment friendly energy
systems that are smart, effective and clean. Existing
energy systems have a negative climate effects because
of the using of fossil fuels, as different types of
emissions are emitted into the atmosphere. Alternative
energy sources are being used as a solution for the global
warming issues (Shafiullah e al., 2010).

In Arabian Peninsula countries, solar energy has
not yet been fully exploited because of the abundant
and cheap supply of oil. Currently, governments have
no incentive to consider renewable energy and saving
the climate is not a high priority in the region. Iraqi
governments and people are not completely aware of
the significance of renewable energy and therefore,
the growth of such technology within the region is
primarily the result of individual initiatives and non-
governmental organizations.
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disruption caused by the comprehensive destruction of
the country (Al-Douri and Abed, 2015).

The most important type of renewable energy
available in Iraq is the solar energy. Throughout the
year, the area enjoys a massive amount of solar
radiation throughout the twelve months of the year
(Kazem et al., 2014).

Until the present, most of the remote rural regions
in Iraq are rudimentary and in a messy situation as a
result of the infestation and there is a necessity to
supply these regions with electricity. Because of their
remote location from the central grid, most of these
areas use diesel generators for their electricity. Beside
their harmful emission, the seepage of diesel from
generators is found to pollute the natural underground
water resources. In this view, the only alternative of
fossil fuels is the use of new energy resources in a
clean and silent mode. Standalone Photovoltaic (PV)
or hybrid PV/diesel can play a major role in the

© 2017 Ali Saleh Aziz and Sara Ahmed Khudhier. This open access article is distributed under a Creative Commons

Attribution (CC-BY) 3.0 license.



Ali Saleh Aziz and Sara Ahmed Khudhier / American Journal of Applied Sciences 2017, 14 (1): 157.165

DOI1:10.3844/ajassp.2017.157.165

growth of the regions through minimizing the using of
fossil fuels (Al-Karaghouli and Kazmerski, 2010).

In order to investigate the optimum design of hybrid
energy systems for the remote areas, many studies have
been performed in this field. Al-Karaghouli and
Kazmerski (2010) discussed the need for supplying
the electricity for remote areas located south of Iraq
and proposed a photovoltaic system to supply
electricity for a health clinic in that area. They
concluded that utilizing the photovoltaic system is
justified on economic, technical and social bases.

Kaldellis (2010) improved a methodology to
investigate the optimal size of a hybrid energy system,
whilst reducing the total cost of the system. They
concluded that the proposed energy system consisting of
diesel, photovoltaic, batteries and inverter is the best
feasible system to supply the telecommunication stations
with electricity.

The optimum design of a hybrid energy system
consisting of wind turbine, photovoltaic and batteries
was discussed by Nandi and Ghosh (2009). The results
indicated that wind-PV-battery is the best optimum
feasible hybrid energy system.

In this study, techno-economic study of diesel-
photovoltaic hybrid energy system to provide electricity
for remote rural area in Iraq is discussed and compared
with the grid extension system.

Materials and Methods
HOMER Software

In this study, a simulation model was produced in
HOMER for designing and evaluating the feasible
hybrid energy systems in order to electrify the selected
village. It simulates and optimizes an electric power
system combining nonrenewable and renewable energy
sources for both on-grid and off-grid. In this software,
the inputs data includes loads, renewable components
data like wind turbine and PV specifications, kinds of
converters and batteries, capital, costs of the components
and fuels cost and renewable resources data such as wind
speeds and solar radiations.

HOMER simulates thousands of combinations and
selects the most feasible systems which are sorted by
total Net Present Cost (NPC) (Nour and Rohani, 2014).

Description of the Selected Village

The selected location is one of remote hamlet in Al-
Kuwayr area north of Iraq. It is populated by about 280
people. Currently, load demands are supplied by
operating 50 and 25 kW diesel generators. The location
of this village in Iraq is shown in Fig. 1.

Load Profiles of the Village and Electrification

During the summer season (June-October), the daily
load demand in the village is shown in Fig. 2. Through
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the winter season (November-February), the load of each
hour would be reduced by 2 kW. During March to May,
the load would be reduced to 3 kW for each hour. A
random variability of 5% is applied for both day-to- day
and time-step-to-time-step so as to assessment the
variations which may be happened every day. Figure 3
shows the seasonal load profile.

Moreover, deferrable load of 30 kWh/day is applied
in this study. Water pumping and ice making are some of
the activities performed by the deferrable load.

Solar Radiation Resource

The monthly average daily radiation is shown in Fig.
4. It represents the monthly clearness index of Al-
Kuwayr. All the data was collected for latitude 34” 9’
North and longitude 42” 26’ East. It can be observed that
the solar radiation reaches its highest level durin§ the
summer season with a daily radiation of 7.6 kWh/m?/d in
June. During the winter season it attains its lowest level
with a daily radiation of 2.6 kWh/m%d in December
(Nawawi et al., 2016).

System Components
System Description

The energy produced by the photovoltaic and the
batteries has primacy to feed the load. The backup diesel
generator is turned on whenever the battery is discharged
to its lowest acceptable value and the energy produced
by PV system to supply the load and charge the batteries
is not enough. HOMER compares the load demands and
the available energy supplied by the PV system for each
hour step. Charge and discharge the batteries or run the
diesel generator will be decided based on this
comparison. When the generated energy surpasses the
load demands and the battery are totally charged, the
surplus energy is consumed by a deferrable load. Figure
5 shows the configuration of a diesel-photovoltaic hybrid
power generation system. Figure 6 presents the designed
hybrid system in HOMER software.

PV System

Photovoltaic’s panels are the main electrical source
of the proposed system which converts solar irradiation
directly into Electricity. The details of technical
parameters and costs of PV module are provided in
Table 1 (Sunderland et al., 2013).

Bartery

In order to store the energy, lead acid batteries are
used in this simulation for economical consideration.
The utilize of hydrogen as another potential storage
system is not presently economically because of the high
costs of its components such as the electrolyzers and fuel
cells and the low efficiency resulting from the
conversion cycle (electricity-hydrogen-electricity).
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Fig. 1. Location of the selected village
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Fig. 2. The daily load demand in the village during June to October
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Fig. 6. Designed hybrid system in HOMER software

Rolls Surrette S6CS25P battery is selected in this
research which is produced by North American
manufacturer, Rolls Surrette (Asrari et al., 2012).
Technical parameters and costs of the battery are
summarized in Table 2.
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Table 1. Technical parameters and costs of PV

Parameters/Costs Value
De-rating factor 90%
Nominal operating cell temperature 47°C
Temperature coefficient -0.5%/°C
Efficiency at standard test condition 13%
Ground reflectance 20%
Capital cost $ 5000/kW
Replacement cost $ 2500/kW
Operating and maintenance cost $ 1 /kW/year
Lifetime 25 years
Tracking system No tracking

Table 2. Technical parameters and costs of the battery

Parameters/Costs Value

Nominal voltage 6V

Nominal capacity 1500 Ah (3 kWh)
Cost of capital $ 1100

Cost of replacement $ 1000

Cost of operating and maintenance $10/year
Minimum lifetime 4 years

Table 3. Technical parameters and costs of the converter

Parameters/Costs Value
Efficiency 90%

Cost of capital $550/kW
Cost of replacement $ 450/kW
Cost of operating and maintenance $ 5 /kW/year
Lifetime 15 years

The battery is able to store a particular amount of DC
electricity at constant round-trip energy efficiency and
capable of limiting the time for charging or discharging
without causing any damage.

Converter

A converter is required to preserve passing of energy
between alternating and direct power system
components. The output AC power of the inverter should
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be similar to or higher than the maximum load.
Technical parameters and costs of the converter are
summarized in Table 3 (Srivastava and Giri, 2016).

Diesel Generator

As mentioned above, currently, the electrical power
supply in the village is achieved by utilizing 2 diesel
generators of 50 and 25 kW. Therefore, these generators
are included in the simulation to compare the system
with the other feasible systems.

The costs of capital and replacement of the generator
are considered to be $ 500/kW and $§ 400/kW
respectively. Operating and maintenance cost is
considered to be quite high, with $ 0.02/hour/kW, this is
because the village is located in a remote region, so,
difficulty arises in transportation problem when
maintenance is needed.

Diesel price is used for sensitivity analysis and 5
discrete values (0.65, 0.7, 0.8, 0.9, 1 $/L) are introduced.
Currently, the diesel price in Iraq is $ 0.65 per liter
(Global Petrol Prices, 2016).

Cost Optimization

First of all, the technical feasibility of the system
ability in supplying the load demand is accessed by
HOMER. Then, it determines the total cost of the project
(net present cost). Net present cost which includes
capital cost, replacement costs, operation and
maintenance costs, fuel costs and salvage cost is
calculated using (Dalton et al., 2009):

NPC = C’U[
CRF(i,n)

Q)]
where, C,, is the total cost per year ($/year), i is the real
interest rate (%) per year and n is the lifetime of the
project. The Capital Recovery Factor (CRF) is calculated
using (Dalton et al., 2009):

B i><(1+ l')"

CRF (i,n) = Ty 1 @)

The amount of Net Present Cost is determined by
taking into account the Salvage Costs (SC) which are
occur at the end of the lifetime of the project lifetime and
is written as (Dalton et al., 2009):

rem

SC=Cp % 3)

com

Here Cpc is the cost of replacement ($), 7., is the
remaining life (year) and 7, is the lifetime (year) of the
component.

The levelized Cost of Energy (COE) vyields
(Beccali et al., 2008):

161

“

where, E,, is the annual consumption of the total
electricity (kWh/year).

Simulations and Results
Optimization Results

Simulation was done based on 25 year’s projection
duration. Hundreds or thousands of hourly simulations
are implemented in HOMER to guarantee preferable
potential connection between the supply and the load
demand and displays a listing of feasible systems which
are ranked based on the total cost of the project. This
strategy is considered in this simulation to guarantee that
the total power supplied to the load is sufficient.

The simulation and optimization results show that the
cheapest system is the standalone diesel generators, with
the total Net Present Cost (NPC) of $§ 886434 for diesel
price of $ 0.65/L. The fuel consumption for this system
is 87224 liter of diesel. This is not affirmative as the
main goal is to minimize the using of diesel. The
proposed hybrid PV/diesel system (60 kW PV, 50 and 25
kW generators and 40 kW converter) has a total NPC of
$ 921899 which is only 4% more expensive than
standalone diesel generator. Moreover, the fuel
consumption is reducing to 56420 Liter of diesel. PV/
battery is the most expensive system. This is because of
the high capital cost of PV, which is the main reason for
high total NPC. The comparison of all feasible systems
is listed in Fig. 7.

However, the price of renewable energy components
is expected to fall whilst the price of diesel is increasing
over time. As shown in Fig. 8, when the diesel price is as
high as $ 1 per liter, photovoltaic/diesel hybrid energy
system with and without batteries has benefited
significantly. In this case, the utilize of hybrid PV/diesel
without battery (60 kW PV, 50 and 25 kW generators
and 40 kW converter) is found to have the least total
NPC, $ 1174331 with fuel consumption of 56420 L,
while PV/diesel/battery (60 kW PV, 50 and 25 kW
generators, 100 strings batteries and 40 kW converter)
has a total NPC of § 1240580 with fuel consumption of
41766 L. If the off-grid diesel system is used to feed
the load, the total NPC becomes about $ 1276688
which is 8% higher than NPC of hybrid PV/diesel
system without battery.

Grid Extension

In this part of results, a comparison between the cost
of the off-grid hybrid energy system with the expansion
of the grid has been presented. In Homer software,
proper grid extension inputs are shown in Table 4.
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Fig. 7. The overall optimization results (Diesel price $ 0.65/L)
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Fig. 8. The overall optimization results (Diesel price $ 1/L)
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Table 4. Proper grid extension inputs

Parameters/Costs Value

Cost of capital 8000%/km
Cost of operating and maintenance 160$/yr./km
Grid power price 0.17$/kWh.

Table 5. Concentrations of pollutants for all feasible systems that include diesel generators

Case 3: Two Case 6: One Case 7: One
Case 2: Two  diesel Case 4: Two  Case 5: One  diesel diesel
Case 1: Two diesel generators  diesel diesel generator generator
diesel generators 50&25kW  generators generator 50kW 25kW
generators 50&25kW with PV 50&25kW 50kW with PV with PV
Variable 50&25kW  with PV and battery ~ with battery ~ with PV and battery  and battery
Pollutant Emission (kg/year)
Carbon dioxide (CO,) 229688 148572 133378 229371 174290 156974 39385
Carbon monoxide (CO) 567 367 329 566 430 387 97.2
Unburned hydrocarbons (UHC)  62.8 40.6 36.5 62.7 47.7 429 10.8
Particulate matter (PM) 42.7 27.6 24.8 42.7 324 29.2 7.33
Sulfur dioxide (SO,) 461 298 268 461 350 315 79.1
Nitrogen oxides (NOx) 5059 3272 2938 5052 3839 3457 867

Figure 9 shows that the grid extension case is more
expensive than hybrid system (60 kW PV, 50 and 25 kW
generators and 40 kW converter) if the distance between
the system and the grid is more than 41.6 km. This
distance is called breakeven grid extension distance. It
takes place in the case that NPC of both grid extension
stand-alone system is the same. The distance between the
village and the nearest grid is about 70 km. Therefore, for a
diesel price of $0.65/L, the off-grid system is less expensive
and hence more feasible than a grid expansion for this
village. The simulation result is repeating with diesel price
of $1/L. It is found that the standalone system is still
cheaper than the grid extension with breakeven grid
extension distance of 66.7 km as shown in Fig. 10.

Environmental Benefits

Recently, the world comes to an agreement that
something needs to be done about global warming and
climate change so as to reduce the pollution of gas
emission. In HOMER software, the emissions factors,
which are measured in units of grams of pollutant
emitted per liter of fuel consumed, are used to calculate
the amount of the emissions of the air pollutants. The
integration of PV and diesel generator capable of
reducing the pollution of gas emission as compared to
the standalone diesel system. The simulation results
present that the using of two diesel generators results in a
total of 229688 kg/yr of carbon dioxide released to the
atmosphere of the village. The proposed hybrid energy
system (7) significantly minimizes the total emissions of
the system as compared to whole others cases. It reduces
the CO, emission to 39385 kg/yr. Although case-2 and
case-3 emit more than Case-7, however, when compared
to the standalone diesel, they are still quite
environmentally friendly. The concentrations of other
pollutants for all the feasible systems that include diesel
generators are summarized in Table 5.
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SWOT Analysis of PV/Battery/Diesel Hybrid
Energy System in Iraq

SWOT is an acronym for strengths, weaknesses,
opportunities and threats. Strengths and weaknesses are
considered to be internal factors that can be -easily
controlled. While, opportunities and threats are considered
to be external factors in which a little control can be done
over them. SWOT Analysis is the most familiar method
for audit and analysis of the outright strategic status of
the business and its environment. Its main objective is to
select the strategies that will produce a stationary
specified business model which will recognize the
resources and abilities of the organization to be suitable
for the environment needed in which the firm works
(Abdul Khader and Idris, 2016). The outcomes of the
analysis for the economic, environmental, technical,
community/social aspects are presented in this section.

Strengths

e Iraq is blessed with more than 340 sunlit days per
year. As long as we have the sun, solar energy will
be available

e Solar panels can be placed anywhere. It is possible
to install them in houses and commercial roof tops

e Reduction of the dependence on the fossil fuels
e Reduction of environmental impact

e Reduction of noise level of diesel generators

e Low and predictable O&M costs

Weaknesses

The cost of installation of PV is expensive
Lack of technical support for the rural areas
Requirement of greater support through a national
policy

e Power system stability problem in the case of high
penetration of renewable energy
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Opportunities

e New job opportunities

e Rising number of companies interested in the energy
sector may results in reduction in cost of solar cells

e The environment issue makes the people worry from
the installing of conventional power plants in their
areas and this will force the government to basically
rely on solar energy

Threats

e It is improbable that the conventional energy
production sector will be diminished in the near
future and this will prevent the people from alteration

e No available market study in Iraq
Limited practical experiences
Incompetent ~ legal  framework  (Standards,
regulations and permissions of installation)

Conclusion

From the simulation of HOMER software, it has been
found that the use of photovoltaic/diesel hybrid energy
system can significantly minimize the reliance on the
depleting energy resource. Although it is more expensive
than standalone diesel generators, it is capable of
reducing the emissions, such as CO,, this reduces the
global warming. It is also proven that if the price of
diesel increases significantly, the use of PV/diesel
system will be more economical. With a projected
lifetime of 25 years, 6% annual real interest rate and
diesel price of $l/liter, it is found that the use of
photovoltaic together with the two diesel generator
system can attain significantly lower NPC than the off-
grid diesel system. Furthermore, for the selected village,
stand-alone PV/diesel generators power system is more
feasible than grid extension. As a conclusion, the hybrid
PV/diesel system is a suitable choice in remote areas,
especially in exchanging or upgrading current standalone
diesel systems in Iraq.
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