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Abstract

The aim of this study is an economic and technical analysis of a hybrid system in the Semirom city of Iran that is
performed by a technical-economic analysis on combined utilization of solar-wind and diesel system. In this study
HOMER software is utilized for economic assessment and optimization. At first, the related meteorological data
gathered and then using Homer software the calculation was carried out. This city has good potential for solar and
wind energy. The solar radiation ranges of Semirom city is from 2.88 to 7.78 kWh/m2/d, and the wind speed ranges
are from 2.9 to 5.3 m/s. Solar and wind analyses on Semirom show that this city have great potential in solar and
wind energy generation because this city has a proper position to receive sun solar and has high potential in wind
speed for wind power generation. Regarding this study and due to high potential in solar and wind energy in
Semirom, investments on renewable energy sector of this city will be economically justified.

Keywords Energy sustainability - Renewable energy - Hybrid system - Technical-economic analysis

Introduction

The importance of energy is not cover on anyone be-
cause energy is a vital need for human future [39].
Also, owing to the rise in lifestyle facilities, is rapidly
increasing the energy demand. On the other hand, the
energy supply by fossil fuel that is main resources has
a negative effect on our planets such as global warming
and air pollution [7-9, 36, 38]. Hence one of the most
important of proper policy to prevent these problems is
move toward sustainable development especially in ener-
gy sustainability [31]. Thus, in order to reduce
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greenhouse gases emissions and environmental pollution
in the line of energy sustainability, various solutions are
recommended, that one of them is utilization renewable
energy [23]. Nowadays, the use of renewable energies
has become binding law in many countries around the
world, and governments are proposing to replace renew-
able energy with fossil fuels [1, 3, 10-12]. Renewable
energies are increasingly seen as demanding affordable
access to electricity while reducing the need for fossil
fuels [17]. Various types of renewable energies are used
today to provide energy that is considered to be the most
important wind and solar energy [9, 13, 16, 22, 26].
Wind turbines and solar panels play a significant role
in supplying electricity around the world [21].
Renewable energies also play a significant role in sus-
tainable urban development the concept of sustainable
development can start from rural areas and cover the
entire community [24]. Today, different countries around
the world are struggling to develop sustainable urban
development using renewable energy approach [4]. In
the field of energy sustainability by renewable energy,
many works have been performed that some of them
could be mentioned. An analysis of energy sustainability
by renewable energy by using multiple criteria decision-
making method, investigated by Mardani A et al. [25].
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Fig. 1 U.S. energy consumption
by energy source, 2018

Ibrahim dincer et al. presented a crucial review related
the importance of renewable energy to achieve sustain-
able development. He in this research emphasis that re-
newable energy moreover being a safe resource to energy
supply are effective to reduce environmental problems
[15]. Chauhan RK et al. for power losses optimization
presented a study relation management of renewable en-
ergy source and battery bank. Indeed they in this study
and for a DC micro-grid in grid-connected presented an
intelligent control strategy that was effective for PV and
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multi-battery bank [5]. Mehdi Mehrpooya et al. investi-
gated a techno-economic-environmental study of the hy-
brid power supply system for Iran country. They present-
ed an optimal planning model to reduce a real load by
PV-Diesel Generator-Battery hybrid system. Also, they
considered the impact of diesel fuel price fluctuation on
the economic competitiveness of suggested hybrid re-
newable energy systems in this study. Chu S, et al. in a
study mentioned that one of the most important ways to
achieve sustainable energy is renewable energy. They
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Fig. 2 Type of consumption energy of the word from 2000 to 2100
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Fig. 3 The distribution of energy resources in Iran especially wind and solar potential [37]

also believed renewable energy also has many positive
effects on the environment [6]. A study related Chauhan
RK et al. had done demand-Side Management System
for Autonomous DC Micro-grid for Building. In this re-
search new demand-side management (DSM) scheme for
the autonomous DC micro-grid for the future building
proposed. This system also is investigated as a prospec-
tive system owing to the increase of DC loads and DC
power sources. Also, this suggested scheme is capable of
reducing the size of the PV plant, storage and capital
cost of the system. Hadian S, et al. in a conceptual study
investigated the different kind of green energies that are
proper to energy sustainability. They in this research also
surveyed the production processes of energy and effected
it on economic, environmental, and social system [18].
Also a study about the process of energy production in
Iran and its impact on sustainable development has been
carried out by Tofigh AA et al. In this study has also
been carried out and completed an analysis of energy
Status in Iran for sustainable energy design roadmap
and even research on the development of renewable en-
ergy in rural areas of Iran [37]. In this paper, has been
considered the renewable energy potential of the
Semirom city in Iran. Considering the high potential of
solar and wind power in Semirom, and with technical

Table 1T Geographical coordinates of Semirom city
City Longitude Altitude Elevation from the sea
Semirom 3124 5134 2400

and economic calculations, it has been tried to encourage
investment in renewable energy in the city.

Hypothesis and Objectives of this Study

This study has the following two main goals. First of
all, it introduces a high potential city in Iran from the
renewable energy view which can be suitable for invest-
ment in this regard and provide a part of the required
energy to residential sectors. Second of all, this research
trying show the benefits of renewable energy against
fossil fuels for the future. Because since the fossil fuels
are limited and are not permanent, hence regarding neg-
ative impacts it on the environment as far possible as
should be used of renewable energy. However, main
questions it is that how over time renewable energy
can be replaced of fossil fuels in this area and other
areas in Iran. To answer to this question should be said
that still the price of fuel in Iran is lower than many
countries and government and people of Iran prefer the
use of fuel fossils that it is the main problem to less
approach to renewable energy. Confidently can be said
that for a country like Iran the importance of renewable
energy still is not significant due to the mentioned rea-
sons. However, all of policymakers and energy pro-
grams of Iran should be implementing the renewable
energy projects for future rapidly. In this regard use of
correct measurements such as for encouragement and
support of renewable energy project even small projects,
training people to more awareness of clean energy ad-
vantages and over time substitution renewable energy
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Fig. 4 Location zone studied on the map of Iran

instead of fossil fuels especially in high potential areas
can be effective and feasible.

Energy Supply by Solar and Wind Energy in the World

Energy supply is one of the most important issues and
needs of different countries in the world, especially the
generation of electricity, which, if this work performed
by fossil fuels which has many pollution and cost [30].
In this regard, the use of renewable energy such as wind and
solar energy can both contribute to the supply of electricity and
contribute significantly to the environment also the results of the
research show that long-term solar and wind power plants can
have economic justification [29]. Also, renewable energy is a
reliable resource to provide a part of the energy in the future.
Figure 1 that is an analysis by U.S energy consump-
tion shows the percent of each kind of energy in the
2018 year and as it is clear the renewable energy has

Fig. 5 Daily profile of hourly

11% of total consumption of energy in comparison with
another kind of energy.

Also, Fig. 2 shows the type of consumption energy of the
word from 2000 to the 2100 year based a projection. As can
see the renewable energy will be a key role in energy supply in
the future.

World Potential of Solar and Wind Energy
for Electrical Production

Utilization of renewable energy today is one of the most ap-
propriate ways of generating electricity [32]. Various countries
with long-term planning and investment in renewable energy
are trying to provide a significant portion of their future energy
needs in the future [14]. Among renewable energies, the role
of wind and solar energy is most remarkable for electrical
production [40]. Because wind speed and solar radiation es-
pecially in the countries with proper potential in this regard are

Dai

Profile

electrical load for the residential 1.0
building
0.8-
g
x 06
N—
0.4
o V-
-

02
00

@ Springer

24

Hour



Technol Econ Smart Grids Sustain Energy (2019) 4: 7

Page50f 11 7

Fig. 6 Monthly wind speed of
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an effective factor to more exploitation of renewable energy
and electrical production [34].

Solar and Wind Energy Potential in Iran

Iran country with an area of 1,648,195 km? and a di-
verse climate has high potential in renewable energy
especially in solar energy that can use of such area
capacity to electricity production actually Iran’s location
on the Sun Belt means that it receives the highest level
of solar radiation, which makes solar energy an ideal
solution for its long-term energy needs [28]. More than
two-thirds of Iran experience about 300 sunny days per
year and average solar radiation of Iran is about 4.5-5.5
kw/m?® per day, which points to a very high solar energy
generation potential [20]. For example it can be men-
tioned that some of cities in Iran such as, Yazd [34],
Taleghan, Abadan, Bandar-Abbas, Semnan [2], Kashan
[33] has a good potential in solar energy. Also Iran
country for good weather condition is suitable for wind
energy utilization, and the abundance of windy areas in

Apr May Jun = Jul Sep Oct Nov Dec

Iran provides it with a suitable platform to extend the
development of wind farms. Areas around Manjil in
Gilan, Binalud in Khorasan and Zabul and Zehak in
Sistan-Baluchistan province have a very high wind en-
ergy generation potential [35]. The potential energy of
wind is estimated to be about 6500 MW in Iran [27].
Figure 3 demonstrates the distribution of energy re-
sources are exploited in Iran especially wind and solar
potential.

Case Studies

In this paper, Semirom city in Esfahan province consid-
ered and in the following location, population, weather,
etc., about them will be mentioned.

Description Studied Area

Semirom city is placed in the southwest of Isfahan prov-
ince with an area of 5224 km? and is near to three prov-
inces of Chaharmahal and Bakhtiari, Kohgiluyeh and
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Fig. 8 Shows monthly wind
speed and solar potential for
Semirom city

JAN FEB MAR

Boyer Ahmad and Fars. This city with Coordinates 31 24
'N and 51 34 'E and an average altitude of 2400 m above
sea level at an altitude and is one of the tourist hubs of
the province. The city of Semirom is considered the best
city of Isfahan province regarding water resources and
natural resources. This city has according to 2017 census
23,200 populations. It has a very cold winter and mild
climate in summer. Table 1 shows the geographical co-
ordinates of Semirom city.

Figure 4, shows the location zone studied on the map of
Iran. As can see the Semirom is in the center of Iran.

Fig. 9 Schematic of hybrid
system
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System Description
Load Demand

The average electrical energy consumption PV-Wind-
Diesel system in this study is equal 19.8 kWh/d, and
the peak load is estimated 1 kW belong to Semirom
city that is obvious in Fig. 5.

Figure 6 shows the monthly wind speed of Semirom
city. As can see in this fig this city has a relatively
good wind speed to produce electrical energy.

Load demand
19.8kWh/d 1kw peak

Generator

AC
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Table 2 Specifications of System architecture Table 4 Specifications of wind turbine WES 5 Tulipo System
architecture
PV wind Generator Battery Inverter Rectifier
Array turbine kW 1 kW kW kW kW Total rated Mean  Total Hours of Wind
kW capacity kW output  production  operation penetration
kW kWh/yr hr./yr %
15 2 WES 5 1 13,603 Surrette 1 1
Tulipo 6CS25P 5.00 1.29 11,339 7617 143
Also, Fig. 7 shows the monthly solar radiation for Ctann
Semirom city. Since this city placed in a good position =~ NPC CRF(i,n) (1)

to receive solar radiation, thus and it is clear in Fig. 5
Semirom city is capable of producing electrical energy
from its solar potential.

Figure 8 shows the monthly wind speed and solar potential
for Semirom city together.

Technical-Economic Analysis of PV-Wind
and Diesel System

Figure 9 shows the schematic of a hybrid system that
consisted of PV array, wind turbine WES 5 Tulipo mod-
el, generator, converter and battery 6CS25P model. In
this study and as can see obviously in Fig. 9, the Load
demand of PV-Wind-Diesel system is 19.8 kWh/d with
1 kW peak load. This system can produce the electrical
energy by PV array to amount 27,035 kWh/yr., Wind
turbines 11,339 kWh/yr. and with Generator to amount
976 kWh/yr. This hybrid system in our study has a total
electrical generation to equal 39,350 kWh/yr.

The Homer software was used for technical-economic
feasibility of the Wind-Solar-Diesel hybrid system.
Initially, the data related to wind speed and solar radia-
tion for the Semirom area was extracted using Iran’s
weather forecasting website in monthly and was entered
to the Homer software. Then, required Information used
to evaluate for Semirom area.

Economic Analysis

To calculate the total net present cost (NPC) of the system as
follows annual cost can be calculated by the following equa-
tion [19]:

NPC is the total annual cost (in dollars), is the annual real
interest rate (the discount rate), N is the number of years,
CRF(i, n) is the capital recovery factor, and can be obtained
by the following formula:

i(1+48)"
CRF (i,n) = ——— 2
(m) = G T @)

That in this equation 7 the nominal interest rate and # is the
number of years. Energy cost balance can be calculated as
follows:

Ctann

COE = ———
Eis + Egrid

(3)

Technical Specifications of System architecture considered
and presented in Table 2 that are including PV Array, wind
turbine, generator, battery, Inverter, and Rectifier. The Homer
software was used to conduct a technical-economic analysis
on the wind energy generation potential in order to obtain the
inputs and output required for devising a ranking.

PV Analysis

Semirom city has good solar radiation, and the solar radiation
ranges are from 2.88 to 7.78 kWh/m2/d. The maximum and
minimum radiation occurs in June and December months,
respectively. Also, the annual mean radiation is 5.32 kWh/
m2/d. Table 3 shows the specifications of the PV System
architecture that for this system rated capacity is equal
15 kW, mean output 3.09 kW and total production 27,035
kWh/yr. were obtained.

Table 3 Specifications of PV System architecture Table 5  Specifications of Generator 1System

Rated Mean Total Capacity ~ Hours of Hours of Electrical Mean Fuel
capacity output kW production factor % operation hr./yr. operation hr./  production electrical consumption
kW kWh/yr yr. kWh/yr. output kW Liyr

15 3.09 27,035 20.6 4383 1558 976 0.626 633
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Table 6  Specifications of Battery System

Table 8  Specifications of Electrical System

String  Bus Nominal Batteries annual throughput
size voltage capacity kWh ~ kWh/yr kWh/yr.

V)
9645 57,870 94,350 13,603 1491

Wind Turbine Analyses

Semirom city has a range of 2.9 to 5.3 m/s of wind speed that
the maximum belongs to January and the minimum in
November also average annual range is 4.04 m/s. Table 4 is
specifications of wind turbine architecture and shows the total
rated capacity, Mean output, and total production based kW.

Generator Analyses

The specifications of Generator 1 System including hours of
operation, electrical production, mean electrical output, and
fuel consumption presented in Table 5. In this system, the
amount of electrical production is equal to 976 kWh/yr., and
fuel consumption is equal to 633 L/yr.

Battery Analyses

The battery is one of the most important parts in the Hybrid
system. As it is obvious in Table 6, for this system 13,603
Surrette 6CS25P model chosen with 94,350 kWh nominal
capacity and 1491 kWh/yr. annual throughput.

Converter Analyses

Table 7 shows the specifications of the considered converter for
this system consisting of capacity, mean output, hours of oper-
ation and losses that is broke down in inverter and rectifier parts.

Electrical Analyses

Since electrical production by renewable energy (Hybrid sys-
tem) is one of the main aims of this study, thus the most
important part analyses for this system are related to electrical
production — the breakdown of Specifications of the

PV array kWh/  Wind turbines kWh/ Generator 1 kWh/ Total kWh/
yr yr yr yr.

27,035 11,339 976 39,350

electrical system presented in Table 8 that is including PV
array, wind turbines and Generator 1. The amount of electric-
ity produced by PV is equal to 27,0.35 kWh/ yr., for the wind
turbine is equal to 11,339 kWh/yr. and for the generator is
equal to 976 kWh/yr., also this system has produced 39,350
kWh/yr. of electrical energy.

Figure 10 shows the monthly average electricity pro-
duction by the PV, wind turbine and generator 1. As
can see in this system the PV has a high percent share
in electrical production and then wind turbine and gen-
erator respectively.

On the other hand, Table 9 shows the AC primary load,
excess electricity and renewable fraction of electrical system.
In this system AC primary load is equal 7, 921 kWh/yr. and
excess electricity is 30,781 kWh/yr.

Emission Analyses

Since the emission of CO, is more dangerous for environmen-
tal and human. Hence it can be reduced by various methods
such as utilization renewable energy. To evaluate the CO,
emissions the following supporting equations has been pre-
sented:

tC0, =3 : 667 x my x HVy X CEFf X X¢ (4)

In this equation tCO, is Amount of CO2emissions, m, is
Fuel quantity (Liter),HV/is Fuel heating value (MJ/L), CEF}is
Carbon emission factor (ton carbon/TJ) and X is Oxidized
carbon fraction. Table 10 shows the obtained data belong to
the hybrid system. As it is clear carbon dioxide and Nitrogen
oxides with 1668 and 36.7 kg/yr. has high rate of air pollution
respectively.

Figure 11 shows summarize the annualized cash flow
for this system, broken down by component for PV-
Wind-diesel —battery and converter. The amount of

Table 7 Specifications of converter considered for this system

Capacity kW Mean output kW Hours of operation hrs/yr Losses kWh/yr.

Inverter Rectifier Inverter Rectifier Inverter Rectifier Inverter Rectifier
1.00 1.00 0.27 0.03 4634 2041 260 50
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Fig. 10 Monthly Average

Monthly Average Electric Production

Electric Production of PV-wind-
generator hybrid

PV
e Wind

Power (kW)
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Table 9  Specifications of the electrical system

May Jun Jul Aug

AC primary load  Excess electricity ~ Renewable Unmet load
kWh/yr kWh/yr fraction kWh/yr
7921 30,781 0.877 0.000000179

Table 10  Emission analyses of hybrid system

Pollutant Emissions (kg/yr)
Carbon dioxide 1668

Carbon monoxide 4.12

Unburned hydrocarbons 0.456

Particulate matter 0.31

Sulfur dioxide 3.35

Nitrogen oxides 36.7

capital in this system is high more than other parts also
as can see in this figure the maximum cost after the
capital cost is for the replacement cost.

Table 11 shows a detailed breakdown of the NPC for
PV-Wind-diesel-battery and converter hybrid system.
The highest and lowest total lifetime cost of the system
as belonging to the Surrette 6CS25P and converter,

20,000,000

— Generator 1

Sep Oct Nov

which have values of US$23,916 and US$107 respec-
tively, also this system presents a maximum regarding
the cost of the system, which is US$59,243.

Conclusion

Renewable energy has a significant role in reducing
pollution environmental, global warming and achieving
sustainable development. Also, renewable energy could
be a reliable way to energy supply especially to electri-
cal generation in the future. This research aims to per-
form a technical- economic feasibility study on the con-
struction of PV-wind power plant in Semirom city in
Esfahan province using HOMER software. Semirom city
in this study has been investigated from the technical-
economic point of view analysis on combined utilization
of solar and wind power. This city has high potential in
renewable energy, especially in solar and wind energy.
In this study, using Homer software and regarding the
potential of this city, for this hybrid system were select-
ed a 15 kW PV array, 2 WES 5 Tulipo wind turbine,
1 kW generator, 13,603 Surrette 6CS25P model of bat-
tery, | kW Inverter and Rectifier. The technical analysis
of this research showed that this city is capable of pro-
ducing a remarkable amount of electrical energy using

Cash Flow Summary

== Capital
Replacement
== Operating
15,000,000+ - Fuel
5 Salvage
g 10,000,000+
o
£
@
1
2 5,000,000
o
]
=
o] [
-5,000,000

Capital Replacement

Operating Fuel

Salvage

Fig. 11 Annualized cash flow summary by component for wind-diesel battery-converter- hybrid system
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Table 11 A detailed breakdown of the NPC for Wind-diesel-battery-
converter hybrid system

Component Capital Replacement O&M Fuel Salvage Total
) (&) ® ® ©® ®)

PV 9000 2339 959 0 —-1311 10,987

WES 5 10,000 3338 1278 0 —621 13,995
Tulipo

Generator 1 1000 8066 398 1619 —846 10,238

Surrette 14,963 10,119 1738 0 -2905 23916
6CS25P

Converter 70 29 13 0 =5 107

PV-Wind-Diesel hybrid system. Hence, a 15 kW PV
array, 2 WES 5 Tulipo wind turbine, 1 kW generator,
13,603 Surrette 6CS25P model of battery, 1 kW Inverter
and Rectifier are proper for the hybrid system. Also, the
technical analysis for this city showed that this city
could produce a significant amount of electrical energy
by PV-wind turbine and diesel generator. The amount of
electricity production by PV array is equal 27,035 kWh/
yr., Wind turbines 11,339 kWh/yr. and Generator 1 is
equal 976 kWh/yr., also the total electrical generation of
the hybrid system is 39,350 kWh/yr. Overall, the calcu-
lated analyses showed that solar and wind energy po-
tential for this city is sufficient to construct a PV-wind
power plant and investment in this field has an econom-
ic justification.
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