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Abstract 

Electricity crises are a major issue in Pakistan. The demand growth rate is higher as compared to the generation growth 
rate. The rural regions even require more consideration as compared to urban regions. Reliable and affordable electricity 
supply is necessary for education, health and other developmental growth especially for rural regions. Renewable energy 
resources have huge potential in Pakistan, also it is low-cost clean energy. This paper presented the design and sizing of 
the hybrid renewable energy system for rural region of province Khyber-Pakhtunkhwa, Pakistan, which is not connected 
to the national grid and the people are deprived of basic electricity needs. HOMER software is used for feasibility 
analysis to design reliable and economical system. The most feasible and optimized system suggested in this study that 
meet the electric load demand is PV/Diesel/battery system.  
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1. Introduction  

Reliable and affordable electricity access is the basic necessity of developing countries to improve the social and 
economic life of the people [1]. Developing countries such as Pakistan face major electricity crises. The situation is 
going worse and the demand is increases rapidly while the generation capacity is insufficient.  For electricity generation 
the conventional sources such as thermal, hydro and nuclear are used, which is deficient to meet the electricity demand 
and produces hazardous harmful emissions [2]. 
 
Renewable energy resources are the low-cost clean energy sources which include hydro, PV, wind, and biomass etc. 
Renewable energy is an alternate source that can be used to alleviate the country's energy shortages. [3]. Due to the 
intermittent behaviour of renewable sources the hybrid renewable energy systems are suitable as it is more reliable and 
economical. Hybrid systems use batteries as a backup and diesel generator for quick response to the reliability and 
stability issues due to intermittent behaviour of renewable sources. Hybrid systems can be used for both small scale load 
such as residential and commercial and for large scale such as for cities and rural areas [4].  

2. Literature review 

For the design of hybrid systems various algorithms and software’s are used such as HOMER pro, RET Screen, INSEL 
and RAPSIM. In [5], HOMER programme is being used to analyse the social, economic and environmental factors of 
micro-grid for rural area of Province Baluchistan, country Pakistan which is not connected to the utility due to physical 
and economical constraints. In [4], the technical and economic scrutiny of micro-grid is presented using HOMER 
programme for the rural region of Punjab province of Pakistan. The sources considered are solar, biogas, wind and 
biomass. In [2], viability study of hybrid renewable system has been discussed for rural locality in Pakistan. In [6], the 
financial and environmental analysis of hybrid energy system has been presented for rural region in Bangladesh using 
HOMER software. In [7], micro-grid consist of PV/wind/diesel/batteries is modelled for village in India using HOMER 
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software and it is compared with only DG system in terms of economics, fuel consumption and emissions. The results 
show that the micro-grid is more economical and environmentally friendly in comparison to the only DG source. In [8], 
the optimization and sensitivity analysis of two micro-grids, on is interconnected and other autonomous, has been 
discussed using HOMER software. In [9], the feasibility and economic analysis of hybrid micro-grid has been presented. 
 
This paper described the design and feasibility study of islanded hybrid micro-grid for rural region of province Khyber 
Pakhtunkhwa, Pakistan, which is not connected to the existing grids. The coordinates of the area are 32° 26.2' North and 
69° 57.8' East. Optimization is performed to design economical and reliable system. 

3. Electric load assessment 

The estimated load data of the rural region taken under consideration is collected, which is not connected to the existing 
grids of the country and is deprived of basic electricity needs. The seasonal load profiles are generated and are 
incorporated in HOMER for simulations. The estimated daily average load is 5898.8 kWh/day and the estimated annual 
load is 245.78 kW and the estimated peak load is 433.83 kW. The daily electric load profile is shown in “Fig. 1”. 
 

 
Fig. 1. Daily electric load profile 

4. Renewable energy resources assessment 

The solar radiation and wind speed records are obtained from National Aeronautics and Space Administration (NASA). 
“Fig. 2” depicts the mean monthly solar radiation, whereas “Fig. 3” depicts the mean monthly wind speed. The per year 
mean solar irradiance is 5.33 kWh/m2/day and the wind speed is 5.76 m/s. 

5. Methodology  

5.1. HOMER 

HOMER (Hybrid Optimization of Multiple Energy Resources) is utilized in this study for the design and modelling of 
stand-alone hybrid micro-grid. HOMER is a well-known software, which is used by many researchers and in numerous 
studies for the design, sizing, and technical, financial and environmental scrutiny of renewable based hybrid micro-grids 
[10].  
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Fig. 2. Average monthly solar radiations 

 

 
Fig. 3. Average monthly wind speed 

 
HOMER was created in 1993 by National Renewable Energy Laboratory (NREL) in US[11]. It is utilize to simulate and 
model both islanded and grid-tied systems. HOMER executes the three fundamental algorithms, simulation, 
optimization, and sensitivity analysis for the cost-effective and optimal design, sizing, and feasibility investigation of 
energy systems using the Net present cost (NPC), Cost of energy (COE), initial capital cost, operation and maintenance 
cost (O&M), and replacement cost. For simulation, various input variables such as average solar radiations, wind 
profiles, hydro profiles, biomass data, fuel data, electric load data, thermal load data and different costs and specification 
of components are required [10], [12], [13]. The total NPC is given by “Eq. (1)” [14]. 
   

 
𝑁𝑃𝐶 =

𝐴𝐶

𝐶𝑅𝐹 (𝑖, 𝑅 )
 

(1) 

Where: 
 ACtotal = total annualized cost of the system 
 i = annual real interest rate 
 Rproj = project lifetime 
 CRF = capital recovery factor  
 
CRF is given by “Eq. (2)” [14]. 
 

 
𝐶𝑅𝐹 (𝑖, 𝑛) =

𝑖(1 + 𝑖)

(1 + 𝑖) − 1
 

(2) 

 
Where: 
 n = number of years 
 i = annual real interest 
 
i is given by “Eq. (3)” [15]. 
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𝑖 =
𝑖 − 𝐹

1 + 𝑓
 

(3) 

Where:   
 i' = nominal interest rate 
 F = expected inflation rate 
 
The COE is the cost per kWh of useful output energy by the system and is given by “Eq. (5.4)” [14]. 
 

 
𝐶𝑂𝐸 =

𝐴𝐶

𝐸 ,

 
(4) 

 
Where:  
Eann,total = total useful energy per annum produced by the system. 
 
In simulation the energy balance calculations are performed by the HOMER for each time interval of the year. These 
calculations compare the energy supplied by the system and the load available at that time interval and evaluate the 
energy flows from and to components of the system. If the batteries and diesel generator are considered than it also 
determines the generator operation period and batteries charging and discharging period. These energy calculations 
determine the feasibility of the various configuration and the costs. Optimization provide a list of different viable optimal 
configurations based on the NPC and technical evaluation. At last sensitivity analysis can be performed to analyse the 
optimal system results and performance by varying certain input variables such as wind speed, solar radiations and fuel 
price etc. Optimization process is repeat for each sensitivity variable [10], [16]. 

5.2. System description  

The five components are taken into account in the simulations for the design of the system. The components are 
discussed below. 

5.2.1 Solar panels (PV) 

A generic flat plate solar panel is considered with initial capital cost of Rs. 40600/kW and O&M cost of Rs. 406/kW/year, 
based on the market survey. The lifetime is considered 25 years and the derating factor is 80%. 

5.2.2 Wind turbine 

Hummer wind turbine of 1 kw is considered with initial capital cost of Rs. 900000/kW, O&M cost of Rs. 
18000/turbine/year and replacement cost of Rs. 700000/turbine, based on the market survey. The lifetime is considered 
25 years. 

5.2.3 Diesel generator 

Built in auto size model from HOMER library is considered, with minimum load ratio of 25%. The capital cost is 
considered of Rs. 23449/kW, O&M cost of Rs. 0.126/hour/kW and replacement cost of Rs. 16414.3/kW, based on the 
marker survey. 

5.2.4 Batteries  

The renewable energy resources have intermittency behaviour, they are not always available and not always supply rated 
power. Thus, the batteries are used to make the system more reliable and efficient by storing the excess renewable power. 
When renewable is unavailable or deficient than the store power is used to supply to the load. The capital and 
replacement cost are considered Rs. 55000/battery and Rs. 50120/battery, based on the market survey. The lifetime is 
considered six years. 

5.2.5 Converter  
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The converter can be operated both as an inverter and rectifier. The operation of converter is reliant on energy exchange 
between the components and the load. The capital cost is considered Rs. 10800/kW and the replacement cost is Rs. 
7800/kw, based on the market survey. The lifetime is considered 15 years and the efficiency is 95%. 

5.2.6 Sensitivity variables  

The sensitivity variables such as diesel price, expected inflation rate and nominal interest rate are required for the cost 
analysis of the system. The current value of the variables listed in “Table 1” is considered for simulations.   
 

Table 1. Sensitivity variables 
Variables  Values  Units  

Diesel fuel price 113 Rs/L [17] 
Expected inflation rate 9.05 % [18] 
Nominal interest rate 7.00 % [19] 
Life-time of the project 25 years 

6. Simulation results  

The simulation and optimization results suggested that the most reliable, cost effective and optimize configuration 
according to the electric load requirements is the grouping of PV solar panels, diesel generator and batteries. “Fig. 4” 
depicts the configuration of the system. The optimization results are shown is “Table 2”. To meet the load requirements 
with continuous supply of energy required diesel generator of 480 kW, solar panel system of 2,663 kW and total 1850 
batteries (each of 12V and 201Ah) having 37 strings in parallel and 50 batteries in each string are required. The COE is 
Rs. 10.95 and total NPC of the system is Rs. 761 million.  
 

 
Fig. 4. Schematic model of the configuration 

 
Table 2. Optimization results of the configuration 

Components Values  Units  

Diesel generator 480 kW 
PV 2,663 kW 
Battery 12V 37 (50 batteries in each string) Strings 
System converter 452 kW 
COE 10.95 Rs  
NPC 761 Rs. Million 
Dispatch strategy Combined dispatch strategy  

 
The monthly average generation by the diesel generator and PV is depict in “Fig. 5”. The total generation by the system 
is 4,650,120 kWh/year. The share of PV is 4,521,345 kWh/year while the diesel generator is 128,775 kWh/year in the 
total power generation by the system. Overall, the PV contribution is higher and 97.2% of power is produced by it, thus 
PV is mainly operated to satisfy the electric load and to charge the batteries. The diesel generator share (2.77%) is very 
low, thus it used to supply energy to the load when PV is deficient or unavailable and the batteries are also discharged 
to its minimum limit.  
 
“Fig. 6” summarized the NPC of the system. Overall, the cost of the batteries is highest follow by the PV because the 
load is mainly supported by the PV and the batteries. The batteries are used to store excess generation by PV and supply 
it to the load when PV is unavailable. The nominal cash flow (non-discounted) is shown in “Fig. 7”. Initially when the 
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project is started i.e., at year zero the initial cost of the system will arise which is Rs. 266 million. Then at the end of 
each year O&M cost and fuel cost of the system will arise which is Rs. 1.1 million and Rs. 4.1 million. The replacement 
cost of the batteries will arise at the end of every sixth year which is 92.7 million and the replacement cost of the 
converter will arise at the end of fifteenth year which is Rs. 3.5 million. After the end of the project, the salvage value 
will arise that is Rs. 84.06 million. 

 

 
Fig. 5. Monthly average electric power production of the configuration 

 

 
Fig. 6. Cost summary of the configuration 

 

 
Fig. 7. Cash flow of the configuration 

7. Conclusion 

Developing nations such as Pakistan require reliable and affordable electricity access and most of their rural regions 
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deprived of basic electricity needs due to physical and economic constraints of grid extension. Globally electricity is 
produced by conventional sources such as thermal and nuclear, that increases the generation cost and produces serious 
hazardous environmental pollution. The renewable energy is now become the trend in developed nations for sustainable 
developments because it is environmentally friendly and have low O&M cost. 
 
This paper presented the feasibility study of the islanded hybrid micro-grid for the rural off-grid region of Pakistan using 
HOMER software. The grouping of 480 kW diesel generator, 2,663 kW solar system and 1850 batteries (each of 12V 
and 201Ah), is the most economical and optimize configuration that meet the load. 
 
Moreover, it is suggested that the hybrid renewable energy technology is more feasible alternative to supply affordable, 
reliable and economical electricity to the rural regions of Pakistan, to improve the social lifestyle of people that are 
deprived of basic electricity needs. 
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