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    Abstract: This paper presents the Cost Optimization of hybrid 
energy systems in two of the most important provinces of 
Afghanistan, electrification of Khulm district (Uljato) for Balkh 
province and Zendeh Jan district (Hotel Safid) for Herat province 
is purposed in this study. HOMER (Hybrid Optimization Model 
for Electric Renewables) pro version 3.23.8 is used for 
optimization, simulation and sensitivity analysis, HOMER is a 
great software to design and evaluate technically and financially 
the options for off-grid and on-grid power systems. Renewable 
resources for selected areas are analyzed in Global Solar atlas 
(GSA) and Global wind atlas (GWA} the result is compared with 
the meteorological tower data set, the GSA/GWA is the online 
website that provides a summary of solar potential, solar 
resources, wind speed, wind density, and other related factors 
globally. it is provided from World Bank Group with funding from 
the Energy Sector Management Assistance Program (ESMAP). 
The modeling of the hybrid system is purposed as grid-connected 
for both sites, the system is designed for 2.348MW and 1.622MW 
for Khulm and Zendeh Jan district respectively, and 10% of load 
variability is considered. as a result of the study, the Levelized cost 
of energy (LCOE) from the hybrid system is obtained 0.0566 
USD/kWh and 0.0537 USD/kWh for Khulm and Zendeh Jan 
district respectively which will be 30 to 50 percent cheaper than 
the price of electricity that is imported from neighboring 
countries. The total electricity generation for Khulm and Zendeh 
Jan districts from solar and wind are 7,988,376 kWh/year and 
6,218,710 kWh/year respectively. Accessibility of electricity is the 
important factor for the economic growth of Afghanistan, more 
than 1000MW of electricity is imported from neighboring 
countries that are not sustainable and reliable, while Afghanistan 
has a great potential of renewable energy sources (REs) whose 
utilization could help to lessen future supply gaps at a cost level 
that are economically and financially attractive The development 
of domestic generation is vital for Afghanistan and renewable 
energy sources (RES) with great potential can successfully be 
harnessed to meet these two requirements. Besides these 
renewable energies (REs) are clean energies, friendly with the 
environment, free of harmful emissions, and have a great impact 
on the reduction of global warming and climate change. 

 
Keywords: Afghanistan, HOMER, Hybrid system, Solar, Wind 

I. INTRODUCTION 

 Afghanistan is a non-coastal country located in South East 

Asia surrounded by Tajikistan, Uzbekistan, Turkmenistan, 
Iran, Pakistan, and china.  
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It is located between latitude 29° 35’ and 38° 40’ degrees 

north and longitude 60° 31’ and 75° 00’ east. Its total land 

area is 652,864 km2, in 2018,  the total population was  37.7 
million [1].  
Since, four decades of war and conflicts caused enormous 
damage to the energy infrastructures, generations, 
transmissions, and distributions in the country. The power 
demand is increasing year by year, meanwhile, the primary 
source of the electricity supply is insecure and expensive [2]. 
In 2009, electricity consumption was 49kWh per capita In 
2020, it’s approximately 195kWh per capita which still it is 
very low compared to South Asian countries that are 667kWh 
per capita per year and the global average is about 3100kWh 
per capita per year  [3].  
The available electricity power volume in the country is about 
1627MW and about 600MW is generated inside the country 
where the main generation of electricity is from hydropower 
plants that account for 53% domestic power source followed 
by thermal fuel, diesel generators, and solar panels. 
Approximately 1000MWs of energy are imported from 
neighboring countries like Uzbekistan, Tajikistan, 
Turkmenistan, and the Islamic Republic of Iran[4].  
The imported power created technical, environmental, and 
economic issues. Technically, they are not operating in a 
synchronized system as each power system of the neighbor 
countries supplies a separate region in Afghanistan. Nine 
geographically distinct power networks in the country are 
divided by four significant grids [5] as follow: 
1. North East Power System (NEPS): NEPS is supplied by 
four different asynchronous power generations which are one 
domestic power generation and three outsourced from 
Tajikistan, Uzbekistan, and Turkmenistan. 
2. Southeast Power System (SEPS): SEPS included the 
Kandahar and Helmand region power grid which is supplied 
by domestic power plants. 
3. Herat Power System (HPS): HPS is supplied by three 
different asynchronous power generations sources in which 
one source is domestic and two other sources are imported 
from Iran and Turkmenistan. 
4. Nimroz Power System (NPS): NPS is supplied by imported 
power from Iran.Additionally, in each center of the provinces, 
there are separate power grids that are not connected to the 
aforementioned nine geographically separate power networks 
[6], [7]. According to the power system master plan, the net 
demand would be increased six times by 2032 and the 
proposed new hydropower generation also cannot meet the 
load requirements [8]. There was a growing gap between 
demand and supply specifically between 2010 to 2015,  
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the number of household connections to the grid increased by 
60 percent and total connections by 57 percent, households 
dominate the customer base, representing almost 93 percent 
of the total connections, while commercial customers 
represent just under 7 percent and government agencies less 
than 1 percent.   
The most recent and widespread forecast of electricity 
demand in Afghanistan was developed as part of the research 
of the Afghanistan Power Sector Master Plan (APSMP), and 
therefore the net demand was projected to increase from 
almost 2,800 GWh in 2012 to 15,909 GWh in 2032 [9].  

 
Figure 1. Imported energy in Megawatts  [10] 

Figure 2. Domestic power generation  
The main objective of this study is to determine and evaluate 
the domestic generation of electricity from RES mainly 
hybrid system solar and wind in Balkh and Herat provinces. 
 Increase domestic generation  
 Reduce the imported power from neighboring    countries  
 Become self-reliant in the power sector in the coming 
decades. 

II. RENEWABLE ENERGY SOURCES OF 

AFGHANISTAN 

The usage of renewable energies to reduce carbon emission is 
significantly increased worldwide [11] and became the 
primitive target of all countries [12]. Energy access and 
energy security are two key prerequisites for the 
socio-economic growth of Afghan societies. Renewable 
energy resources with their enormous potential in Afghanistan 
can successfully be harnessed to meet these two requirements 
[13]. Rural areas considered as the low access to electricity 
because the extension of the electricity network is 
economically impossible due to rough terrain and remoteness 
of the location and the best way to electrify the rural regions 
would be the implantation of REs [14], [15]. Afghanistan has 
potential that can produce around 300,000 MW of electricity 

utilizing available renewable energy sources. This energy 
production could potentially divided as follow: solar 
(222,000 MW), wind (66,000 MW) hydro (25,000 MW), 
geothermal (3,000-3,500 MW) and biomass (4000 MW) 
[16]–[20]. Afghanistan has 300 days of sunshine each year, its 
average solar potential GHI is estimated at 6.5 kWh/m2/day, 
And Direct Normal irradiances is 1,022 kWh/m2/year.  
Kandahar, Helmand, Farah, and Herat enjoy high Solar 
irradiation even northern provinces where average irradiation 
is 4.5 kWh/m2/day electricity generation is feasible [4], [20].  

 
Figure 3. Global Horizontal Irradiance (GHI) map of 

Afghanistan  

        Figure 4. Wind map wind power map of Afghanistan 

III. LITERATURE REVIEWS 

In 2019, MD Nurunnabi and his colleagues studied sizing 
optimization and sensitivity analysis of hybrid Wind/PV 
microgrid for 5 different areas of Bangladesh. As a result of 
their optimization for Magnama, the minimum NPC and 
LCOE are from Wind and Generator, for Kuakata Wind/PV 
and generator are more feasible and cost-effective [21]. 
Moreover, in 2018, a hybrid PV-wind stand-alone system was 
designed by Fulzele et al and they concluded that the 
simulation result indicates that a hybrid energy system 
consisting of 225kW PV panels, one unit of wind generator of 
50 kW, 2500 units of batteries and 150kW of the inverter 
would be the economical solution for the generation of 
electric energy for Dhudhagon village [22],  
Furthermore, Sawle and his team investigated the 
socio-economic design of hybrid renewable energy systems 
using optimization techniques (2018), They presented the 
optimal hybrid power system design including the various 
configuration of renewable energy generation the design 
consideration of hybrid system using a novel particular matter 
factor, 
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human health impacts are directly shown whereas pollutant 
emission is measured in the hybrid system design based on the 
minimum value of multi-objective function optimal values are 
decided for objective indices for optimal configuration 
including the various combination of wind, PV, diesel 
generator, biomass and battery bank separate cases hybrid 
systems are tested [23].  
In the northern rural region of Togo, Este and his colleagues 
designed a hybrid system for electrification and Upliftment of 
the area.  Este and his team used HOMER software to 
optimize the operation cost of the photovoltaic and biodiesel 
generator that served as a stand-alone power system. As a 
result of his optimization, the electricity produced by hybrid 
system PV/BG is economical than the PV system alone and 
economical than BG alone [24]. 
  On the contrary, Obaid and his colleagues constructed a 
wind-fuel-cell-solar hybrid electric boat power with the 
Maximum Power Point Tracking (MPPT) System. their 
proposed design using PV panels with Maximum Power Point 
Tracking (MPPT) system battery bank wind turbine 
asynchronous generator, Polymer Electrolyte Membrane 
(PEM) fuel cell with electrolyzing and hydrogen tank were all 
renewable sources and that was an advantage for the proposed 
design and had continues operation and stable speed 
regardless of wind speed and solar irradiance variations [25]. 
 Anwarzai Mohammad has researched and analyzed 
Afghanistan’s wind, solar, and geothermal resources 

potential. He analyzed briefly all the prospective of the 
renewable energy sources in the country using Geographical 
Information System (GIS) application and Multi-Criteria 
Decision Analysis (MCDA) software. Additionally, he 
described site selection criteria for solar panels as well as 
wind turbines [4].  
Saudi Arabia’s all electricity generated from conventional 
sources to reduce the environmental impact of using fossil 
fuels Yahya Z. has studied about using different renewable 
energy sources and has developed a grid-connected solar 
PV-Wind hybrid system for different locations of Saudi 
Arabia using HOMER Pro software [26]. A study has been 
done in Catalonia, Spain by González, A. and his team as a 
result of their study they believed that grid-connected Hybrid 
Renewable Energy System (HRES) of Windpower and PV 
are more economical and profitable in the rural township of 
Mediterranean and add it that grid-connected system needs 
less initial investment due to less requirement of components  
[27] 
 Dihrab and Sopin presented a hybrid system of solar and 
wind in 3 locations in Iraq, it is found that the PV and wind 
power are more in Basrah rather than Baghdad and Mosul 
[28]. And many other types of research have been done to 
calculate the sizing of (PV) photovoltaic and wind energy 
systems using linear programming [29]–[31]. And some 
software is available for optimization of the hybrid system 
mainly HOMER has been used in renewable energy systems 
[32]–[34]. Graphic construction and artificial intelligence 
method also presented for the optimization technique of 
hybrid system case studies [35], [36].  

IV. METHODOLOGY 

The proposed methodology for cost optimization of hybrid 
energy systems has been given in Figure 5 In this study, 
Afghanistan's renewable energy resources are reviewed and 
analyzed and the power sector has been studied thoroughly.  
the solar and wind energy-producing countries like India, 
Brazil, the US, Australia, and Germany’s information have 

been reviewed to develop and define appropriate criteria for 
suitable site selection in Afghanistan [37]–[43]. To measure 
the wind for 12 months, the initial data were collected from 
the ACEP survey which was funded by USAID back in 2012. 
The data were collected from six selected sites using NREL’s 

modeled wind resource map and global solar horizontal 
irradiation was also measured [44]. For data validation, the 
meteorological tower data of the selected sites by ACEP were 
compared with GSA and GWA data. The GSA is provided by 
the World Bank Group and funded by the ESMAP and 
through the GSA portal a summary of solar potential and solar 
resources are provided globally whereas, the GWA provides 
the potential wind resources information [45], [46]. 
Following the data validation process, in this study, it was 
tried to select economic and reliable technology for solar 
panels and wind turbines for better functioning and power 
generations. The more cost-effective renewable technologies 
are the cheaper the power production would get and 
subsequently would encourage a higher shift towards utilizing 
renewable energy projects and ultimately reduce global 
warming caused by fossil and thermal energy productions in 
the country. The HOMER software is used for the design of 
on-grid, off-grid, and hybrid power systems for remote, 
stand-alone, and distributed generation applications. 
HOMER software is developed by the National Renewable 
Energy Laboratory in the United States it allows you to 
consider a large number of conventional and 
non-conventional technologies. Using this software, the 
economic factors of the project's annual interest rate, project 
lifetime, system’s capital cost, Operation a& Maintenance 
(O&M) cost, replacement cost, and LCOE is defined in 
HOMER software. HOMER does sensitivity analysis, 
Optimization as well as Simulation [47]–[51].  

 
Figure 5.  Methodology for Cost optimization of the 

hybrid energy system 

 
 



 
Cost Optimization of Hybrid Energy System in Afghanistan using HOMER 

175 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: I7013079920/2020©BEIESP 
DOI: 10.35940/ijitee.I7013.079920 
Journal Website: www.ijitee.org 

A. Case Study 1 Uljato (Khulm District, Balkh) 

   Khulm or Khulmi is one of the districts of Balkh province, 
in 2012 the population was estimated 68,900 [52]. Khulm 
district is also known as Tashqurghan and it is an ancient town 
located on the productive lands that agriculture is considered 
the main occupation of their people and it is known as the 
center for trading the sheep and wood [53].  
Khulm has 91 villages, 7 primaries, 13 secondaries, 7 high 
school, and 4 health centers [54].  
The total load demand in this district is 21,820 kWh/d [12]. 
And the system is designed for the peak load of 2348.24 kW. 

B. Case study Hotel Safid (Zendeh Jan District, Herat) 

   Zendeh Jan district is located in the central part of Herat 
province, in 2012 the total population was estimated 55,500 
[55].  
Zendeh Jan district has 22 Schools and 157 villages, most of 
the people are busy in agriculture, their saffron is well known 
in the world [56].  
The load demand is estimated at 17,720 kWh/d with 10% 
variability and the system is designed for the peak load of 
1662.2 kW. It is worth mentioning that for Zendeh Jan district 
it is not the actual load, estimation is done by the author.  

C. Site Selection Criteria for Wind and Solar (PV) 

   Site selection criteria are crucial for any kind of Energy 
generation and installation. Applicable environment, 
technical and economic factors are considered for site 
selection for getting the best result of generation.  
There are some constraints for installation for both wind 
turbines and solar PV panels like locations with lower solar 
irradiance or less wind speed these are the main constraints 
that such installation would not be profitable and beneficial 
[57]. 
 As the purpose of this study is the modeling of the hybrid 
system so we have to select the best and suitable area where 
the installation of both wind turbines and PV panels is 
applicable.  
The wind speed for both selected areas Uljato and Hotel Safid 
are more than 6m/s and the annual global horizontal 
irradiation is also greater than 3.5 [kWh/m²/day].  
Meanwhile, the slope angle is also less than 5% for both sites 
[58], Afghanistan is a mountainous, less developed country 
and transportation is difficult so we select areas that the slope 
is less than 10%.   
However, in the United States of America and United 
Kingdom fields with less than 19% are considered suitable for 
the installation of wind farms  [59].  
The wind speed for both selected areas Uljato and Hotel Safid 
are more than 6m/s and the annual global horizontal 
irradiation is also greater than 3.5 [kWh/m²/day].  
Meanwhile, the slope angle is also less than 5% for both sites 
[google earth pro], Afghanistan is a mountainous, less 
developed country and transportation is difficult so we select 
areas that the slope is less than 10%. 

Table I: Site selection criteria for wind turbines and PV panels 
Criteria     

Wind Turbines PV Panels 
Resources Annual wind speed > 

6m/s at 50m height 
Annual global horizontal 
irradiation > 
3.5[kWh/m²/day] [60] 

Slope area  
[61] 

Less than 10% Less than 5% 

Land Use 
[62]–[64] 

Rock outcrop/bare soil, 
Sand covered area 
Rangelands (grassland, 
forbs, low shrubs) 
Rain-fed crops (sloping 
and flat) 

Rock outcrop/bare soil, Sand 
covered area Rock 
outcrop/bare soil, Sand 
covered area 

Rock outcrop/bare soil, 
Sand covered area 

The fruit trees 
and gardens 

Should not be install Should not be install 

Natural 
Disaster area   

Should not be install Should not be install 

Large hills and 
mountains 
[65] 

Should not be install Should not be install 

Settlements 
[66] 

Not within 2000m Should be 10km around the 
urban/cities 

Roads [67] The area within 10km of 
road 

Areas within 10km of roads 

Airport [68] Not within 3500m Nor applicable 
Required area 
minimum [69] 

4km² 0.4km² 

D.    Solar irradiation in Uljato (Balkh) and Hotel Safid 
(Herat) 

   The study areas of this paper are two important provinces of 
Afghanistan Uljato for Balkh with a latitude of 36° 43.27' and 
longitude 67° 37.33' and Hotel Safid for Herat province with 
latitude 34° 24.32' and longitude 61° 49.35’.  
The solar and wind data from GSA, GWA, and NREL are 
assessed compared with meteorological wind tower 
measurement data. 
 
Table II: NREL, GSA, and Meteorological data comparison in 

Uljato and Hotel Safid  [44], [45] 

Name 
Latitude 

(°) 
Longitude 

(°) 

Annual GHI 
[kWh/m²/day] 

NREL TOWER GSA 

Uljato 36.7212 67.6222 4.78 3.29 5 

Hotel 
Safid 

34.4054 61.8226 5.39 13.15 5.63 

 
For Uljato, Balkh there are slight differences between tower, 
NREL, and GSA.  
Hotel Safid, Herat enjoys high solar irradiance and there is 
much difference between tower and GSA but hopefully, the 
irradiation is more than  5 [kWh/m²/day].  
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Table III: Annual site information at Uljato and Hotel Safid 

 

 
Figure 6. Monthly average profile DNI [Wh/ m²] per year 

in Uljato, Balkh. 
 
DNI is the amount of solar energy that always held straight or 
perpendicular. In Uljato May to Oct is the highest and for 
Hotel Safid Jan to Dec, it is fairly good. 

 
Figure 7.  Monthly average profile DNI [Wh/ m²] per year 

in Hotel Safid, Herat. 

In Hotel Safid, the DNI is better between April to October, 
while it decreases from November to February. 

D. Wind Resources in Uljato (Balkh) and Hotel Safid 
(Herat) 

   The Afghan clean energy program (ACEP) conducted wind 
monitoring operation to measure the wind data, wind speed, 
wind direction in elevation of 20m, 30m, and 50m. six sites 
were selected by NREL’s Modeled wind resource  
Fortunately, the two sites that are purposed in this paper are 
also included in that six selected sites of the NREL, and 
among the six sites, Uljato for Balkh and Hotel Safid for 
Herat has the highest annual average wind speed [22]. 
 

Table IV: Wind resources in Uljato and Hotel Safid at 
different heights 

Specification     

Uljato Hotel Safid 

Height 10m 50m 100m 10m 50m 100m 

Wind Speed 
[m/s] 4.91 7 7.69 6.25 8.28 9.41 

Power Density 
[W/m2] 237 443 594 405 862 11.51 

Roughness 
Length RL[m] 0.005 0.005 0.005 0.1 0.1 0.1 

Mean Air 
density 1.157 kg/m3 1.081 kg/m3 

 
the mean wind speed, power density Roughness length and 
mean air density is studied in 10m, 50, and 100m above the 
ground for both Uljato and Hotel Safid using the GWA, Hotel 
Safid, Herat province has ideal wind speed in each height 
above the ground and the roughness length is 0.1 but for 
Uljato roughness length is 0.05 and wind speed is getting 
better after 50m height for a good power generation. 

 
Table V: GWA, NREL, and Meteorological tower average wind speed (m/s) In Uljato and Hotel Safid [45], [46] 

 
 
 

Site Information 
 

Uljato 
 

Hotel Safid 

Specific photovoltaic power output PVOUT Pacific 1599 kWh/kWp 1839 kWh/KWp 
Direct normal irradiation DNI 1583 kWh/m² 2150 kWh/m² 
Global horizontal irradiation GHI 1794 kWh/m² 2055 kWh/m² 
Diffuse horizontal irradiation DHI 782 kWh/m² 707 kWh/m² 
Global tilted irradiation at an 
optimum angle 

GTI OPTA 2029 kWh/m² 2336 kWh/m² 

The optimum tilt of PV modules OPTA 32 /  180 32 /  180 
Air Temp TEMP 18.6 °C 17.5°C 
Terrain elevation ELE 395m 861m 

Province Name Latitude(°) Longitude(°) Height (m) 
Average Annual Wind 

Speed [m/s] 
NREL TOWER GWA 

Balkh Uljato 36.7212 67.6222 50 6.51 6.20 7.00 

Herat 
Hotel 
Safid 

34.4054 61.8226 50 6.77 9.09 8.28 
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The annual wind speed is better for both sites, while, Hotel 
Safid enjoys high wind speed compare to the Uljato 

V. ECONOMIC MODELING OF THE HYBRID 

SYSTEM 

    For economic modeling of the hybrid system, the 
annualized cost of the system (ACS), NPC, and the cost of 
energy is indispensable [70]. In this study the cost of the solar 
panel is estimated at approximately 1340 USD/kWp with 20 
years of warranty [24], 67% of the total cost is estimated for 
the replacement cost for O&M 10 USD/kWp is calculated. 
214USD/kW is estimated for a converter for replacement and 
O&M costs 199.02$/kW and 2.57$ is calculated respectively. 
A wind turbine is estimated at 251759USD/100kW 75% of 
the total cost is estimated as replacement cost and 2% is 
estimated O&M cost [21]. The wind turbine’s cost includes 

the installation, transport, and the manufacturing cost[71]. the 
discount rate is considered 8%, and the inflation rate is 
considered 2%. 

Table V:  Wind turbine and PV module parameter [21], 
[24] 

PV Parameters   

Value 

Manufacturer Suntech 
Maximum Power at 
STC (Pmax) 

370 

Optimum Operating 
Voltage (Vmp) 

26.4 V DC 

Dimension 1482 × 992 × 35mm 
Derating Factor 90% 
Open Circuit Voltage >40 
Short Circuit Current 7.95 A 
Warranty 25 years 
Wind Turbine 
Parameters 

Value 

Manufacturer Kingspan 
Renewables Ltd. 

Rated Power 5.2kW 
Peak 6.1kW 
Cut-in Speed 3.5 m/s 
Cut-out Speed N/A (continues 

operation) 
Survival Wind Speed 70m/s 
Lifetime 25years 

A. Cost of Operating Energy (COE) 

     To calculate the COE, HOMER divides the annualized 
cost of producing electricity (the total annualized cost minus 
the cost of serving the thermal load) by the total electric load 
served, using the following equation:  
 

 
  is the total annual cost of the system [$/kWh]  and 

  is the boiler marginal cost [$/kWh],             is 

the total thermal load served [kWh/year], and            
total electric load served [kWh]. 

B. Net Present Cost (NPC) 

   The NPC of a system is the present value of all the costs the 
system incurs over its lifetime minus the present value of all 
the revenues it earns over its lifetime. Costs include capital 
costs, replacement costs, O&M costs, fuel costs, emissions 
penalties, and the costs of buying power from the grid. 
Revenues include salvage value and grid sales revenue. 
HOMER calculates the total NPC by summing the total 
discounted cash flows in each year of the project lifetime. The 
total NPC is HOMER's main economic output, the value by 
which it ranks all system configurations in the optimization 
results, and the basis from which it calculates the total 
annualized cost and the LCOE[72]. 

C. Solar PV Modeling 

    HOMER uses the following equation to calculate the 
output of the PV array: 

PPV= YPV  fPV   ( )[1+ αP (Tc- Tc,STC )]                      (2) 

Whereas, the descriptions of the abbreviations are as follow: 
YPV  is the rated capacity of the PV array, meaning its power 
output under STC[kW], fPV   is the PV derating factor [%], GT  
is the solar radiation incident on the PV array in the current 
time step [kW/m2], GT,STC  is the incident radiation at standard 
test conditions [1 kW/m2], αP is the temperature coefficient of 
power [%/°C], Tc is the PV cell temperature 

in the current time step [°C], and Tc, STC  is the PV cell 
temperature under standard test conditions [25°C].  

D. Wind Turbine Modeling 

   Calculating Hub Height Wind Speed in each time step, 
HOMER calculates the wind speed at the hub height of the 
wind turbine using the inputs you specify in the Wind 
Resource Inputs window and the Wind Shear Inputs window. 
If you choose to apply the logarithmic law, HOMER 
calculates the hub height wind speed using the following 
equation [72]:  

                                             (3) 

 
Uhub is the wind speed at the hub height of the wind turbine 
[m/s], Uanem is the wind speed at anemometer height [m/s], 
Zhub is the hub height of the wind turbine [m], Zane is the 
anemometer height [m], Z0   is the surface roughness length 
[m], and ln is the natural logarithm. 

E. Grid Parameter 

   In Afghanistan, the COE for domestic is 0.0823 USD/kWh 
and for commercial it is about 0.23 USD/kWh [15]. This 
research is also carried out by estimating the fixed rate of the 
country, and the sell-back price is set at 0.06 USD/kWh. Grid 
power is supplied when there is no power from renewable 
energy sources to meet demand. Furthermore, when there is 
much generated from renewable energies it delivers to the 
grid. 

mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/standard_test_conditions.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/pv_derating_factor.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/how_homer_calculates_the_radiation_incident_on_the_pv_array.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/standard_test_conditions.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/standard_test_conditions.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/pv_temperature_coefficient_of_power.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/pv_temperature_coefficient_of_power.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/how_homer_calculates_the_pv_cell_temperature.html
mk:@MSITStore:C:/Program%20Files/HOMER%20Energy/HOMER%20Pro%20x64/Help/HOMER.chm::/standard_test_conditions.html
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VI. HYBRID SYSTEM COMPONENTS 

   Hybrid solar photovoltaic (PV) and wind energy systems 
are an effective solution in particular for standalone and 
grid-connected applications. Integrating the two sources of 
energy can provide better reliability [73]–[75]. The drawback 
of all renewable energies is their intermittency [76] and 
hybridization of renewable energies reduce this drawback 
since the weakness of one system can be complemented by the 
strength of another one 

 
Figure 8.  Block diagram of hybrid system on-grid mode 

in Uljato (Khulm), Balkh 

The system is designed for the peak load of 2348.24 kW for 
Khulm district, as total load demand is 21820 kWh/d in 
Khulm [12]. 

 

Figure 9.  Block diagram of the hybrid system on-grid 
mode in Hotel Safid (Zendeh Jan), Herat 

The load demand is considered 17720 kWh/day and the 
system is designed for the load of 1622.52 kW for Zendeh Jan 
district, 10% of load variability is considered for both sites. In 
this system, the on-grid of RE is designed by HOMER Pro to 
meet the load demand of selected areas. The solar irradiance 
and wind speed are considered as sensitivity variables. The 
search space for solar PV is ranged from 0 to 2500 kW, for 
wind turbines ranged from 0 to 10 turbines 100kW and for 
converter 0 to 2500kW is considered as optimization 
variables.  

A. Simulations 

   To select the techno-economically system configuration 
PV-Grid, Wind-Grid, PV-Wind-Grid, and Grid alone are 

considered, then for best integration of the system simulation 
based on NPC, COE, operating cost, and Initial cost has been 
done.  

Table VI:  Simulation result based on NPC, COE, 
Operating cost, and Initial cost 

            

Model Site NPC COE 
Operatin

g Initial 

    (USD) (USD/kWh) 
Cost 

(USD) 
Cost 

(USD) 

PV-Grid Uljato 
8.19
M 0.0666 349,751 

3.67
M 

Wind-Grid Uljato 
8.07
M 0.0758 429,342 

2.52
M 

PV-Wind-Grid Uljato 
8.13
M 0.0566 141,977 

6.30
M 

Grid Uljato 
8.47
M 0.0823 655,462 - 

PV-Grid 
Hotel 
Safid 

6.89
M 0.0674 283,029 

3.03
M 

Wind-Grid 
Hotel 
Safid  

6.69
M 0.0662 276,843 

2.52
M 

PV-wind-Grid 
Hotel 
Safid 

5.95
M 0.0537 127,039 

4.31
M 

Grid 
Hotel 
Safid  

6.89
M 0.0823 532,600 - 

VII. RESULT AND DISCUSSION 

A. Result Case 1 Uljato (Khulm), Balkh 

    The analysis performed for four different configurations: 
PV/Grid, Wind/Grid, PV/Wind/Grid and Grid alone for both 
Uljato and Hotel Safid and the result is presented in Table VII 
it shows the minimum and economically feasible generation 
of electricity cost for Uljato is given by the hybrid system of 
PV-Wind-Grid model, for Uljato the NPC is USD 8.13M and 
the COE is 0.0566 USD/kWh.  
In all different cases that have been studied, the cost of the 
hybrid system remains optimal, the COE and NPC remain 
lower than the grid alone. remains below the COE from the 
grid only and the operating cost of the system also remains 
less than other considered configuration for the hybrid 
system. In Uljato The PV power output is 4,652,563 
kWh/year and 9953kWh/d the Windpower output is 
3,606,232 kWh/year and 12,747kWh/d, the system is 
designed as net metering when there is more generation from 
renewable energies the grid is feed by them.  

B. Result case 2 Hotel Safid (Zendeh Jan), Herat 

      Hotel Safid, Herat that enjoys high wind speed and     GHI 
the generation capacity can be increased up to a high level, 
using the hybrid system of   PV and wind turbines all over the 
year. The economic electricity generation cost for Hotel Safid 
is given by the hybrid system of PV-wind-grid model, the 
NPC is USD 5.95M and COE is 0.0537 USD/kWh. The PV 
power output is 3,045,633 kWh/year and 8344 kWh/d and the 
Windpower output is 3,173,077 kWh/year and 8679.6 kWh/d 
in Hotel Safid. For both sites, the renewable energy fraction is 
more than 70%.   
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As a result of this analysis, it has been cleared that the hybrid 
system for both sites the NPC, the cost of energy, and other 
economic parameters are feasible and economical. In Uljato, 
PV-Grid would be feasible when the wind speed is decreased 
but for completing the weakness of each other the integration 
of both systems is purposed, and the significance of hybrid 
system in Uljato, Balkh is the high GHI in summer and high 
wind speed in winter that makes the system better. At all the 
PV-grid and wind-grid would be 10 to 20 percent costly 
compare to the hybrid solar and wind energy on-grid. The 
COE for PV-wind-grid would be 10 to 30 percent cheaper 
compared to the grid alone and other analyzed models. 

C. Sensitivity Analysis 

Table VIII:  Sensitivity analysis for different GHI, wind 
speed, and hub height 

  
GHI 

[kWh/m²/day
] 

Wind 
speed 
(m/s) 

Hub 
Height 

(m) 
NPC                          
USD 

COE 
kWh/USD 

Site  

Uljato 
4.83 7 50 8.23M 0.0593 

Uljato 
5 5.48 31.8 8.19M 0.0666 

Uljato 
5 7 50 8.13M 0.0566 

Hotel 
Safid 5 7.5 31.8 6.63 0.0615 
Hotel 
Safid 5 7.5 50B. 6.38M 0.0638 
Hotel 
Safid 5.5 7.5 31.8 6.28M 0.057 
Hotel 
Safid 5.5 8 31.8 6.12M 0.0545 
Hotel 
Safid 5.5 8 50 5.95M 0.0537 

 
     The main purpose of the sensitivity analysis is to find the 
economical and feasible model, different values are 
considered in this study, In Uljato when the GHI is 4.83 
[kWh/m²/day] at a wind speed of 7.00 m/s, the COE is 0.0593 
USD/kWh in 50m height of hub, 5.00 [kWh/m²/day] GHI and 
the wind speed of 7.00 m/s and 50m hub height is the COE 
comes 0.0566 USD/kWh and the NPC also comes less than 
the other sensitivity analysis in Uljato. the economical and 
feasible parameter for Uljato is when the GHI is more than 4.5 
[kWh/m²/day] and wind speed 6.00 m/s. more than 6.00 m/s 
but if it decreases from these ranges the NPC cost increases 
and the feasibility of the system also come down as the 
generation decreases. Hotel Safid enjoys high GHI and wind 
speed in each month the feasibility of the system is much 
higher when the GHI 5 [kWh/m²/day] and the wind speed is 
7.5 m/s at 31.8m hub height the COE comes 0.0615 
USD/kWh. For 7.5 m/s wind speed and 5.5 [kWh/m²/day], 
GHI at the hub height of 31.8m even the COE comes 
0.057USD/kWh and the NPC USD6.28M. and the most 
economical parameter in Hotel Safid is with 5.5 
[kWh/m²/day] GHI 8.00 m/s wind speed at hub height 0f 50m 
the COE is 0.0537 USD/kWh and the NPC is also much lower 
than models. As the Hotel Safid site has good potential for 
wind and solar energies for future studies it can be increased 
by size to generate much electricity to electrify whole the 
province. 

VIII. CONCLUSION AND FUTURE SCOPE 

    This paper is conducted on the cost optimization of the 
hybrid system and explores the power output of the hybrid 
system at two different locations in Afghanistan. for both sites 
hybrid of solar and wind energy systems connected to the grid 
was feasible and economical. For economic comparison and 
finding the cost-effectiveness of the HREs configuration, the 
key performance factors like NPC, COE, and several 
sensitivity analyses such as GHI, Wind speed, and Hub height 
have been studied. The result of optimization reveals that 
using the RES can decrease the price of electricity up to 30% 
and 50% compare to the imported power. As renewable 
energies are the clean energies and pollution-free 
implementation of them would be beneficial both 
economically and environmentally for both districts. 
There are so many aspects that are necessary for future scope 
in the power sector of Afghanistan, as Afghanistan is blessed 
with vast REs every province of the country has its potential 
for electricity generation, so it needs for academic researches 
and investment then the country could be self-reliant in the 
power sector. For further analysis of the wind potential, 
additional meteorological towers should be installed, more 
accurate, economic, and implementable areas for wind and 
solar energies inside the country should be studied. This paper 
can be used as a guideline on the modeling of hybrid systems 
in Afghanistan and also it would be applicable in different 
regions around the world with similar resources 
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