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ABSTRACT 

Electrification of the rural areas which are located far from the grid is comparatively more expensive due to 

the high cost associated with power transmission. Renewable energy-based hybrid micro-grid systems can be 

a cost-effective method for the supply of electricity in these remote areas. This study aims at assessing the 

technical and economic viability of a hybrid micro-grid system for rural areas of Bangladesh. A hybrid 

microgrid system consisting of PV solar cells, wind turbine, and Diesel Generator has been designed for 

remote regions of Kuakata, Patuakhali. A combination of different technologies capable of generating 

electricity has been used to ensure the reliable and continuous supply of electrical power. HOMER, simulation 

software, has been used for optimizing multiple energy sources to maintain an uninterrupted supply of power 

in a cost-effective way. Finally, cost analysis and consistency checking have been done by another simulation 

software called RETScreen.  
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INTRODUCTION: 

The use of fossil fuel for power generation has 

significantly increased global air pollution, water 

pollution, coastal pollution, deforestation and global 

climate deterioration over the centuries. Oil, natural 

gas, and coal together constitute 80% of global energy 

consumption (World Resource Institute, 2006). World 

Bank reported that 2.4 billion people rely on tra- 

ditional energy sources, while 1.6 billion people do 

not have access to electricity (World Bank, 2004). 

From statistics, the projected demand for electricity in 

developing countries is increasing by 4.6% annually 

(Ibrahim et al., 2002). Over the last few decades, a 

decline in fossil fuel reserves has been observed world- 

wide. Based on current reserves and consumption 

rates, the globe can maintain coal for 122 years, oil for 

42 years, and natural gas for 60 years (Lior, 2009). 

Therefore, it is vital to increase the use of renewable 

energy reducing the dependency on fossil fuel.  
 

In Bangladesh, natural gas is the major energy source 

contributing approximately 51% (10,450 MW) to the 

total power generation (Bangladesh Power Develop- 

ment Board, 2020). The present share of renewable 

energy in Bangladesh is only 1.5% (Electricity sector 

in Bangladesh) but the government’s goal is to gene- 

rate 10% of the total power from renewable sources. 

Hybrid microgrid system developed by the combin- 

ation of available renewable energy resources can be 

useful for this purpose. The feasibility of a hybrid 

microgrid system is dependent on the availability of 

solar and wind energy. The coastal area of Bangladesh 

has an average wind speed of 4 - 6m/s, which indi- 

cates that wind-based power plants can be imple- 

mented in the potential sites (Islam, 2003) but a stand- 

alone wind power system cannot ensure consistency 
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of power supply. Hence PV-Wind-Solar type hybrid 

microgrid system has been considered in this study. 

The hybrid microgrid has been designed for the 

remote areas of Kuakata based on available wind and 

solar resources there. Kuakata is a sub district of 

Patuakhali, located in the coastal region which makes 

it suitable for wind-based power systems. Homer is 

simulation software that is used for designing the 

hybrid model of a power system (Sattar et al., 2021).  
 

Financial analyses including Cost of Energy (COE), 

Net Present Cost (NPC), Payback year, cash flow 

analysis can also be done by HOMER. Another soft- 

ware that aids decision-makers in determining the 

technical and financial feasibility of renewable energy 

projects is RET Screen. Conventional energy projects 

may be modeled and compared against sustainable 

alternatives in this software. 
 

METHODOLOGY: 

The basic structure of the hybrid micro-grid system 

used in this study is given in Fig. 1. The system 

consists of PV Panel, wind turbine, diesel generator, 

Battery and Converter. There are two buses in the 

system; AC and DC buses. The output energy of solar 

PV is stored in a battery which is on the DC bus side. 

To convert AC from DC, the converter is used. Wind 

and diesel generators are operating at AC bus. Output 

power can be drawn from the ac bus.  
 

 

 
 

Fig. 1: The schematic diagram of hybrid 

pv-wind-diesel system (Monir et al., 2007). 
 

In this study, Design and optimization for the best 

hybrid model have been carried out by HOMER. The 

operating principle of HOMER is given below in Fig. 

2.  

 
 

Fig. 2: Block diagram of HOMER. 
 

The load demand, resources, and some other com- 

ponents detail with cost have been input in HOMER. 

The usual load of a small remote region having 500 

homes, one school, one market with 20 shops, one 

dairy farm, and 30 acres of agricultural land requiring 

irrigation has been considered. The load curve plotted 

from the assumed data is given in Fig. 3.  
 

 
 

Fig. 3: The daily load curve. 
 

Solar and wind resource available at Kuakata, Patua- 

khali that has been input to HOMER are shown in Fig. 

4.  
  

 
 

Fig. 4: Global Horizontal Radiation. 
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Fig. 5: Monthly solar radiation and wind speed at 

Kuakata (Islam, 2007). 
 

HOMER eliminated all infeasible systems and presen- 

ted the results in ascending order of net present cost 

(NPC). The economic feasibility of the most optimum 

model found from HOMER was checked by RET- 

screen. Fig. 6 shows the block diagram of RETScreen. 
 

 
 
 

Fig. 6: Block diagram of RETScreen. 
 

RESULTS AND DISCUSSION: 

The most optimized hybrid PV-Wind-Diesel power 

system found from HOMER based on available solar 

and wind resources of Kuakata is schematically 

presented in Fig. 7. 
 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 7: System architecture and specification. 
 

HOMER analyzed and optimized different hybrid 

models and showed the most feasible one at the top. 

Here four possible models have been presented in as- 

cending order of cost of energy (COE).Two of them 

are Wind-diesel models and another two are PV- 

Wind-Diesel models. As shown in Fig. 8. Wind-Die- 

sel model with one Generator is the least preferable in 

terms of cost-effectiveness whereas the PV-Wind- 

Diesel model with two generators is the most viable 

one (Mamun et al., 2020).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. 8: Optimization result with economic analysis. 
 

The most optimized model is shown at the top con- 

sisting of 2 Diesel generators with 125 kW and 50 kW 

capacities, 3 Enercon E33 wind turbines, and a 200 

kW PV array. The percentages of electrical energy 

production in different technologies of this system 

are: PV16 %, wind turbine 74 % and Diesel Generator 

10%. The renewable fraction of this model is 0.90. 

Details of electrical energy output from the simulation 

result are shown in Fig. 9. 
 

 
 

Fig. 9: The electrical energy output from different 

technology. 
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The economic viability of the most optimized model 

checked by RETScreen software seems promising. 

For a selling rate of 15 taka per kWh, the payback year 

has been found to be 3.2 years. The Cumulative cash 

flow for this selling price is shown in Fig. 10.  
 
 

 
 

Fig. 10: Cumulative cash flows graph from 

RETScreen. 
 

CONCLUSION: 

The hybrid system can bring enormous benefits to the 

remote areas where there is a severe crisis of reliable 

supply of electricity. The system is associated with 

very low emissions as the nonrenewable fraction of 

the system is only 0.10. The results indicate that the 

optimized wind-PV-diesel hybrid system is more 

cost-effective in terms of Net Present Cost (NPC) and 

Cost of Energy (COE) in comparison to the wind- 

diesel system. For a unit price of 15 taka payback year 

is only 3.2 years which indicates that the system is 

economically feasible. If implemented properly this 

system can be helpful to promote the socio-economic 

development of the local people. 
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