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Abstract: Bangladesh has been using fossil fuel sources for the last years to generate electricity. The electricity power 

generation capacity of Bangladesh must enlarge to support the increasing electricity demand nowadays. As the 

conventional fuel resources are limited on the earth, renewable resources (ex: PV, wind) must be used in the future. The 

aim of this study is to design a hybrid electricity and hydrogen production system with the photovoltaic, wind turbine, 

hydro, diesel generator, electrolyzer, and reformer using Hybrid Optimization Model for Electric Renewable (HOMER) 

software under the study area Delduar, Tangail, Bangladesh (24
0
8.5

/
N, 89

0
54.1

/
E). This research focuses on maximum 

electricity generation using renewable energy sources with a minimum cost of energy (COE). According to the Homer 

optimization model, the levelized cost of energy (COE) based on a PV-wind-hydro-diesel generator-electrolyzer-

reformer-battery hybrid electricity generation system is $0.281, the net present cost is $3.22 million, and operating cost 

$60,401 with 99.5% renewable fraction respectively. Furthermore, the analysis confirms that hybrid PV-wind-hydro-

diesel generator-hydrogen power plant construction in Delduar, Tangail area is economically feasible. 

 
Index Terms: Power plant, Hydropower, Hydrogen production, Techno-economic feasibility 

 

 

1. Introduction 

Bangladesh is a feasible site for implementing the renewable energy system to alleviate the severe power crisis that 

is facing nowadays. The majority of the power generation in Bangladesh comes from the fossil fuels. The excessive use 

of fossil fuels causes environmental pollution. By contrast, reliable, cost-effective renewable energy sources can reduce 

environmental pollution [1]. In recent years, the solar, wind, and hydro energy technology progressed a lot. PV systems 

generate electricity using solar energy and offer advantages like minimal environmental impact [2]. In some parts of the 

world, a significant amount of the electrical energy is generated from solar and wind energy [3]. Lead-acid batteries are 

used to store excess electrical energy, but it is not appropriate for the long-term storage of energy [4]. For long-term use, 

converting the electrical energy into the hydrogen using an electrolyzer can be further used as fuel for fuel cells [5].An 

electrolyzer may convert electrical energy into hydrogen for long-term consumption, which can then be utilized as fuel  
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for fuel cells. As hydrogen is a clean fuel, hydrogen will be very beneficial for achieving sustainable development of the 

environment [6]. As opposed to hydrogen manufacturing, solar as well as wind energy can be the good alternative as 

well. Again, the maximum power point solar tracking control mechanism provides maximum generated power from the 

photovoltaic system to require the desired magnitude [7]. Due to the dependency on solar [8] and wind energy with 

respect to climate condition [9], continuous power production is not possible [10]. For getting continuous electricity an 

alternative traditional fossil fuel (ex: diesel) based power generation system should be used [11]. A hybrid system with 

photovoltaic, wind, and hydropower increases the efficiency of electric power production[12]. Therefore, hydrogen 

production offers a viable pathway for the production of the electricity relied on renewable sources and lessens the role 

of the fossil fuels in the industry. The production of hydrogen reduces the use of fossil fuels in the industry and provides 

a viable pathway for the generation of power from renewable sources. Many studies have focused on hydrogen 

production using electrolyzers in hybrid systems to generate electricity in recent years [13]. As electrolyzer has zero 

emission of harmful gases and uses renewable energy sources to produce hydrogen, that provides better transition for 

the sustainable environment [14].  

Several researchers have researched [15] by various methods[16], especially decision-making process[17], 

simulation[18], and so on[19]. Following to the simulation procedure, Lau et al. [20] proposed a way to meet the 

demand for rural areas for electricity power using conventional means such as a diesel generator. Shrestha et al. [21] 

represented the rising fossil fuel prices substantially impact rural people, and conventional energy generation accounts 

for CO2 emissions. Al-Falahi et al. [22] showed that the non-polluting and lifetime supply of PV and wind energy 

sources were a good contender for conventional energy sources. Laoun et al. [23] indicated the solar PV system for the 

hydrogen production as well as investigated the impact of each component of overall process. Yilmaz et al. [24] 

represented the four methods (photo-biological generation, photo-electrolysis, solar power, concentrated solar thermal 

energy) of the hydrogen production by using the solar energy.  Mojtaba et al. [25] showed the techno-economic 

feasibility of producing electricity and hydrogen in a hybrid power (photovoltaic-wind) system in Hendijan, Iran.  

Charvez-Ramirez et al. [26] represented the hybrid system of PV-wind-fuel cells to generate electrical energy and 

hydrogen for conversation into electricity by fuel cells at the University of Zacatecas, Mexico. The study of Joshi et al. 

[27] evaluated different system of photovoltaic-based hydrogen production methods in which solar thermal 

concentrating collectors had higher efficiency than photovoltaic systems. Yang et al. [28] represented a thermal, 

electricity generation hybrid system that consists of PV driven alkaline water electrolyzer for generating hydrogen, 

which was used to improve the efficiency of hydrogen production. 

Research on a hybrid electricity production system by M. A. Habib [29] proposed a hybrid electricity power plant 

for Rangpur, Bangladesh, in which the cost of energy (COE) is $0.348 per kWh. But in Tangail, Bangladesh, there is no 

such a hybrid generation system. So, a hybrid electricity system is proposed for the first time almost. 

The main aim of the study is to develop a sustainable hybrid power generation system and hydrogen production 

system with PV, wind turbine, battery, diesel generators, hydropower, electrolyzer, reformer, and hydrogen tank. The 

designed system focuses on maximum electricity production to use renewable sources with a minimum cost of energy. 

Homer software optimizes the hybrid system for a primary load demand that minimizes the cost of energy (COE) and 

the net present cost (NPC), increases the renewable energy fraction (RF), and reduces the emission of harmful gases. 

For the study area, an optimized hybrid system design is suggested for Delduar, Tangail, Bangladesh, which is one of 

the most remote areas of Bangladesh. This proposed hybrid system design can also be applied to other remote areas of 

Bangladesh.  

The remaining paper proceeds as follows: Section 2 shows the geographic characteristics of the study area; Section 

3 is methodology that introduces the simulation setup; Section 4 explains the techno-economic feasibility analysis of 

hybrid optimization, and the last one is the conclusions. 

2. Methodology 

2.1  Geographic characteristics 

The study area named Delduar is located in Tangail district in Bangladesh on the bank of the Dhaleshwari river at 

24
0
8.5

/
N latitude and 89

0
54.1

/
E longitude, which is displayed in the Fig. 1. In Fig. 1, the combination of the green and 

the red regions shows the whole boundary of Bangladesh [30], only the red color area indicates the location of Tangail, 

and the blue color demonstrates the inside (outside) river of Bangladesh.  
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Fig. 1. Map of Delduar, Tangail, Bangladesh 

2.2  Simulation setup 

The Homer software is an electricity energy modeling program for HRES. Homer software is a capable tool for 

designing, simulating that analyzes hybrid power systems. The program flowchart of Homer software for Delduar, 

Tangail, Bangladesh is shown in Fig. 2. 

 

 

Fig. 2. Homer software simulation setup for Delduar, Tangail, Bangladesh 

3. Techno-economic Analysis 

The Homer software is utilized for the technical economic feasibility of the solar-wind-hydro-hydrogen hybrid 

system. Solar radiation data and wind speed data for the Delduar, Tangail area are taken from the monthly NASA 

prediction of worldwide database and imported to the Homer software. Homer software website has been used to import 

input data of the hydrogen production system. Simulation processes have been carried out on data by 671,248 

simulations. In simulation, the equipment used for the solar-wind-hydro-hydrogen hybrid system is a 1kW Generic 

turbine, an Autosize Genset diesel generator, a 100kW hydro system, a 1 kW PV system, a 1 kW converter, a 1 kg 

hydrogen tank, and a 1 kW reformer for 25 years.  

Tangail 
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3.1  Analysis of wind energy 

The study area's potential for wind energy is achieved in the form of generated electricity. The proposed hybrid 

system wind turbine outputs by using Homer software show the technical-economic feasibility of the hybrid system. Fig. 

3 shows the average monthly wind speed data for the research area for different months. The data for wind resources 

have been taken from NASA's prediction of the worldwide energy resource database from the year of 1984 to 2013 [31]. 

According to the wind resources, few advanced parameters are presumed; the weibull value (k) is set around 2, which 

measures the wind speed distribution, the autocorrelation factor that quantifies the randomness of the wind is set to be 

0.85, the diurnal pattern strength is set to be 0.25 which implies how the wind speed differs with time in a day, and hour 

of peak wind speed is set to be 15. According to, Fig. 3 and Table-1, the average wind speed is higher in July, 

alleviating the shortage of PV power production and having a lower clearness index. According to Fig.3, the maximum 

and the minimum wind speeds are calculated to be 5.730 m/s in July and 3.160 m/s in November, respectively. 

 

 

Fig. 3. Wind speed data of different months 

The choice of an appropriate turbine is one of a wind power system's most visible components in constructing a 

wind system because of wind turbines' performance. This study's aim is the possibility or feasibility of hybrid power 

plants. A Generic 1kW wind turbine is considered a more appropriate turbine in this study. Fig. 4 shows the power 

output of the Generic turbine at 24 hours of the day and for the all months. From Fig. 4, the turbine has a maximum 

output depicted by the red color. The call bar of Fig. 4 is for better explanation and realizing of the data map (D-map).  

 

 

Fig. 4. Wind turbine output at all months per hour of the day in the study area 

3.2  Analysis of solar energy  

The area’s coordinates (longitude and latitude) are imported to the Homer program to verify the feasibility study of 

the solar energy potentiality in the Delduar, Tangail, Bangladesh area for the proposed hybrid power system. Monthly 

solar radiation data have been taken from the National Aeronautics and Space Administration (NASA) database from 

the year of 1983 to 2005 [32]. Table 1 shows the monthly average daily radiation, in which April represents the 

maximum solar radiation, and Fig. 5 indicates the clearness index, which is low for July and August. The annual 

calculated daily solar radiation is 4.75 𝑘𝑊ℎ/𝑚2/𝑑𝑎𝑦, and the yearly average clearness index is 0.533. In Fig.6, the 
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black color indicates the zero output of PV, and the changing color from black to yellow refers to the different 

magnitude of PV output. Fig. 6 demonstrates the photovoltaic system's output power in which the PV system's output 

range is between 1.96 kW to 161 kW for 12 hours per day based on each month.  

Table 1. Monthly PV-wind resource variation 

 

Month 

PV resource Wind resource 

Clearness index Daily radiation 

 (KWhm-2/Day) 

Average wind speed 

 (ms-1) 

January 0.633 4.340 3.630 

February 0.638 5.070 3.660 

March 0.630 5.870 4.040 
April 0.580 6.050 4.610 

May 0.500 5.510 4.950 

June 0.423 4.740 5.650 
July 0.385 4.260 5.730 

August 0.405 4.300 5.110 

September 0.405 3.910 4.330 

October 0.524 4.360 3.240 

November 0.620 4.390 3.160 

December 0.642 4.170 3.300 

 

 

Fig. 5. Solar daily radiation and clearness index of the research area 

 

Fig. 6. PV power output of different months per hour of the day 

 

Fig. 7. The altitude of PV array of all months 24 hour of the day
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Fig. 8. The azimuth of PV array of all months per hour of the day 

The placement method of the PV system is an essential technical factor that should note after checking the 

potentiality of solar energy for the research area. So, the efficiency of the photovoltaic system mainly depends on the 

positioning of PV panels in the proper place to absorb sunlight. Fig. 7 shows the altitude of PV panel positioning in the 

research area in degrees. Fig. 8 demonstrates the azimuth of a PV panel for different hours of the day in all months of 

the year. In Fig. 8, the azimuth angle is between -200
o
 to +200

o
. The negative and positive azimuth refers to before and 

after solar noon.  

3.3  Analysis of hydrogen potential 

The study of hydrogen production system provides technical-economic feasibility and evaluates a hybrid electricity 

generation system with solar, wind, and hydro. An electrolyzer produces hydrogen through water electrolysis by 

electricity. A reformer produces hydrogen by reforming hydrocarbon. The reformer in this project uses diesel to 

produce hydrogen. Monthly average hydrogen production from the reformer is shown in Fig. 9, in which the highest 

average monthly hydrogen output is 1.6 kg in August, and the lowest output is 0.97 kg in January.  The production of 

hydrogen from the reformer relies on different hours of a day based on different months in the year, illustrated in Fig. 

10, in which the highest hydrogen production from the reformer is 2.39 kg per hour for a few months and on particular 

days. Fig. 11 shows the hydrogen load for the feasible hybrid electricity system. The data’s shown in Fig. 11 have been 

loaded from Homer's site [33]. Homer software simulates and analyzes during various times of the day and for various 

months by importing standard data accessable on the Homer site through internet. According to Fig. 11, the highest 

loaded hydrogen equals 2.39 kg per hour. 

 

 

Fig. 9. Reformer monthly hydrogen output 

Fig. 12 demonstrates the study area's average monthly hydrogen load for different months. According to Fig. 12, 

the highest average monthly load of hydrogen is 1.6 kg in August, and the lowest is 0.98 kg in January. Fig. 13 shows 

the average monthly hydrogen production, and Table 2 shows the yearly hydrogen production from the reformer and 

electrolyzer. According to Fig. 13, The highest amount of hydrogen is produced in August with 13 kg/day, and January 

has the least amount of all months, with 8.9 kg of hydrogen production per day. The hydrogen produced is for future 

use that is stored in the hydrogen tank.  
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Fig. 10. Hydrogen output of Reformer for different months per hour of the day. 

 

Fig. 11. Hydrogen load per hours per day of any month 

 

Fig. 12. Hydrogen load monthly average data 

 

Fig. 13. Monthly average hydrogen production. 

Table 2. Yearly hydrogen production and consumption 

 Type Quantity % 

Hydrogen Production Electrolyzer 112 kg/year 2.72% 

Reformer 4001 kg/year 97.3% 

Hydrogen Consumption Hydrogen load 4,113 kg/year 100% 

Excess hydrogen  0 kg/year 0% 
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3.4  Estimation of electrical load 

The overall main load that the system must meet is referred to as the electric load [34]. According to Fig. 14, the 

average primary load of the study area, Delduar, Tangail, Bangladesh, is 2426.45 kWh/day, 405.71 kW peak, and a load 

factor of 0.25. The peak month is July. In the proposed system, the PV, hydro, wind, and diesel generator sources serve 

the electrical load shown in Fig. 15.  

 

 

Fig. 14. Yearly primary load per day per hour. 

3.5  Analysis of diesel generator potential 

Going through this hybrid power generation system, the diesel generator is utilized to serve the AC primary load. 

The diesel price is presumed as 0.92$/L. Homer's Autosize Genset diesel generator is set up with 25% minimum load 

ratio for diesel engines. In Fig. 16, the black color denotes the zero output of the diesel generator, and the changing 

color from black to red refers to the different values of diesel generator output. According to Fig. 16, the generator is 

mostly shut off or operating at maximum capacity. When the desired demand level of electricity is not met up by the 

renewable resources, at the time diesel generator is used as the backup source. When the wind speed, sun radiation, and 

water stream flow are all low, then the diesel generator is switched on. From Fig. 16, the highest level of electricity 

output will be 112 kW. Table 3 shows the outcome production data of generated electricity; total electrical production is 

4050 kW/year, mean electrical output is 112 kW, and fuel consumption is 1240 L. 

 

 

Fig.15. Electricity generation sources serve the electrical load. 

 

Fig. 16. Generator output power for everyday and every hour 
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Table 3. Generator production data of electricity 

 Quantity  Value 

Electrical Production 4050 kW/yr 

Mean Electrical Output 112 kW 

Minimum Electrical Output 112 kW 
Maximum Electrical Output 112 kW 

Fuel Consumption 1,240 L 

Specific Fuel Consumption 0.306 L/kWh 
Fuel Energy Input 12,201 kWh/yr 

Mean Electrical Efficiency 33.2 % 

3.6  Analysis of hydro power potential 

Hydropower generation utilizes the energy of falling water to generate electricity. The representation of this hybrid 

project is proposed according to the study area location Delduar, Tangail, near the bank of the Dhaleshwari river. The 

calculation of the average monthlystream flow of the Dhaleshwari river is shown in Fig. 17. The water discharge data 

for the Dhaleshwari river are obtained from the Bangladesh Water Development Board (BWDB), Tangail [35]. The 

average water discharge data have been taken from 2017 to 2020. The stream flow data is measured by the Acoustic 

Doppler Current Profiler (ADCP) meter, a hydro acoustic current meter. According to Fig. 17, the maximum average 

discharge of stream flow is in July, which is 701333 L/s, and the lowest average is in February, which is 4449.675 L/s. 

The hydro power output data is shown in Fig. 18. The Generic hydro 100kW has a nominal capacity of 98.1 kW. The 

annual production is 1,095,679 kWh/yr. 

 

 

Fig. 17. Average discharge calculation of the Dhaleshwari river 

 

Fig. 18. Hydropower output. 

3.7  Storage battery 

Due to fluctuation and the insufficient certainty of supply of renewable sources, batteries are required to fulfill the 

demand of electricity. In this study, Surrette 4 KS 25P [36] is the battery selected for energy storage which has a 

nominal voltage rated at 4 V with a capacity of 7.55 kWh. Fig. 19 depicts the battery's state of charge. In Fig. 19, the 

red color represents the maximum state of charge of battery, which is 100% in February and the blue color represents 

the almost minimum state of charge of battery which is 41.05% in September. 
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Fig. 19. State of charge of battery 

3.8  Analysis of converter 

The hybrid system must have a converter to maintain the energy flow between the AC and DC buses [37]. A 

converter can act as an inverter or as a rectifier. In this study, the converter efficiency as an inverter is set at 90%, and as 

a rectifier is set at 85%. The converter size is taken by using Homer's auto-size system. The Homer program has been 

used to simulate the inverter's average monthly input and output power for various months and is represented in Fig. 20 

and Fig. 21, respectively. According to Fig. 20 inverter's annual maximum power input is in July, which is 311.82 kW, 

and the yearly minimum power input is in January, which is 137.91 kW. From Fig. 21 inverter's annual maximum 

power output is in July, which is 280.63 kW, and the yearly minimum power output is in January, which is 124.12 kW. 

 

 

Fig. 20. Inverter power input monthly averages. 

3.9  System analysis for suggested hybrid power plant 

For evaluating the performance of different systems, all input data are supplied to the Homer software that 

simulates and generates the various optimization solutions with different hybrid setups. Homer software has a robust 

interface and accurate analyzing capabilities for the hybrid energy system. The Homer software simulation has been 

done for this project's lifetime of 25 years. Fig. 22 shows the optimization results from the Homer software as Homer's 

key target is to get the hybrid electricity generation model with the minimum cost of energy. The results in Fig. 22 show 

the optimized net present cost (NPC) and the cost of energy (COE).  Among the all optimized hybrid configuration 

options, the lowest cost of energy for the proposed hybrid system; is PV(162kW), wind turbine (6 kW), hydro (98.1 

kW), diesel generator (450 kW), electrolyzer (1 kW), reformer (3 kW) and battery (365), is $0.281 with 99.5% 

renewable fraction that has a tremendous environmental contribution and the net present cost is $3.22 million as well. 

For the proposed hybrid system model, the average electricity production is shown in Table 4. According to Table 4, 

hydropower generates the most significant amount of electricity, whereas other hybrid system components, including 

wind turbines, photovoltaics, and diesel generators, are less effective. The average monthly electricity production of the 

proposed hybrid system is represented in Fig. 23. The highest electricity from PV, wind, hydro, and diesel generators is 

produced in March and the lowest in September. This hybrid system also has some excess electricity shown in Fig. 24. 

According to Fig. 24, the maximum monthly surplus energy is 134.89 kW in January, and the minimum monthly 

surplus energy is 43.28 kW in August. This excess electricity can be stored in the battery or used to generate more 

hydrogen. The electrical energy produced from renewable sources decreases the emission of CO2, SO2, and Nitrogen 

oxide. The emissions of different gases are shown in Table-5 from the PV-wind-diesel-hydro-electrolyzer-reformer 
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hybrid option, in which the highest emission of Carbon Dioxide is 3,246 kg/year. Thus, hybrid PV-wind-diesel-hydro-

electrolyzer-reformer power plant construction in Delduar, Tangail is economically suited, and the project proposal is 

technically viable. So, the hybrid power plant development in the research area will be a great scope for renewable 

technology. 

 

 

Fig. 21. Inverter power output monthly averages 

 

Fig. 22. Simulation result from Homer software 

Table 4. Average production of electricity of proposed hybrid system of PV, wind, hydro, diesel generator, electrolyzer, and reformer.  

Production kWh/yr % 

Generic flat plate PV 245,984 18.2 

Diesel Generator 4,050 0.300 

Generic 1 kW 4,591 0.340 
Hydro 1,095,679 81.1 

Total 1,350,304 100 

 

 

Fig. 23. Monthly average electric production of the proposed hybrid system of PV, wind, hydro, diesel generator, electrolyzer, reformer, and battery
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Fig. 24. Excess electrical production monthly average of proposed hybrid system of PV, wind, hydro, diesel generator, electrolyzer, reformer and 

battery. 

Table 5. Emission rates of different gases. 

Quantity Value (kg/year) 

Carbon Dioxide 3,246 

Carbon Monoxide 20.5 

Unburned Hydrocarbons 0.893 

Particulate Matter 0.124 

Sulfur Dioxide 7.95 

Nitrogen Oxides 19.2 

3.10  Sensitivity analysis 

Diesel price is considered a sensitivity parameter. Different values of diesel price, i.e., $0.92/L, $1.00/L, and 

$1.2/L, affect the cost of energy (COE). For $0.92/L, $1.00/L, and $1.2/L diesel price, the COE will be increased to 

$0.271, $0.273, and $0.278, respectively. Based on diesel prices, the hybrid system is analyzed. Different values of 

diesel prices do not affect the production of electricity.  

4.  Conclusions  

The current study examines the hybridized system's electrification potential of the study area by simulating with 

minimum COE and controlling the emission of harmful gasses. Among the various hybrid system options, PV-wind-

hydro-diesel generator-electrolyzer-reformer based hybrid system with battery is the most optimal feasible solution. The 

results of Homer software processing also showed that the study area has a lot of potential for renewable energy, 

especially hydropower energy. But the renewable energies are not always available. So, the diesel generator with 

renewable energy sources will be the best techno-economic feasible solution. The simulation result of Homer software 

shows that the COE of the optimized system is $0.281. The simulation also indicates that the proposed hybrid system 

reduces carbon emissions. Thus, this research suggests that constructing a hybrid PV-wind-hydro power plant in the 

Delduar, Tangail, Bangladesh area is both technically and economically feasible. 
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