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Abstract: This paper proposes multiple optimal combinations of renewable and nonrenewable energy systems for
Nilphamari, Bangladesh. The Nilphamari relies mainly on on-grid electricity system. Therefore, the optimal
combination of hybrid energy systems related to renewable and nonrenewable options is proposed to mitigate grid
dependency. This hybrid energy system generates electricity for the consumption loads of the project area in which the
natural resource potentials like solar, wind, hydro, and diesel are available. All power sources and resources data are
included in the Homer software carefully. Finally, the Homer software is applied for viable techno-economic
investigations especially cost of energy (COE) and net present cost (NPC) for the proposed hybrid system in Nilphamari,
Bangladesh. The optimization result indicates that $0.224/kWh is the minimal COE. The proposed system has an
operating cost of $16,156.16, a COE of $0.241/kWh, an NPC of $2,961,790.00, and a CO, output of 3,373 kg per year.
The proposed system's legitimacy, as determined by the LCOE and the NPC, was confirmed by optimization analysis.
Within a few years of the project's lifetime, the system is estimated to pay for itself completely. The evaluations yielded
the best system configurations, hybrid system costs, fuel savings, and CO, emission reductions.

Index Terms: Hydro, hybrid, COE, Nilphamari, Homer pro.

1. Introduction

The demand for energy has grown quite quickly in recent years due to the development of cutting-edge technology
and improved energy consumption. As of right now, the two main energy sources for producing power on a global scale
are nuclear and fossil fuels. Petrol, coal, and natural gas are examples of fossil fuel energy sources. In addition to
harming the ecosystem, fossil fuels release a lot of dangerous substances into the atmosphere. The use of
environmentally friendly renewable energy sources is the opposite. In comparison to non-renewable energy sources,
renewable energy is the best source for producing power [1]. A hybrid energy system is made up of two or more energy
sources, such as solar, wind [2], hydro, and diesel energy systems, as well as an energy storage device, controller, and
power conditioning unit [3]. The world's fastest-growing method of generating electricity is the hybrid electrification
system [4]. In light of environmental protection and electricity consumption, a hybrid electrification system might be
the greatest option for producing electricity. Hybrid energy systems can be divided into three categories for
electrification: off-grid distribution systems, off-grid based on direct supply, and grid-connected modes. Numerous
researchers have optimized the hybrid energy system [5] utilizing economic analysis [6] in terms of various metrics [7]
such life cycle cost, NPC, and COE of the system [8]. Fuel savings and a dependable power supply are the main goals
of a hybrid electric system. Performance of the system is improved by the alternation between power generating sources

This work is open access and licensed under the Creative Commons CC BY 4.0 License. Volume 12 (2022), Issue 5



The Best Techno-economic Aspects of the Feasibility Study Concerning the Proposed PV-
Wind-hydro Hybrid System in Nilphamari, Bangladesh

and renewable energy sources [9]. Energy system research can proceed in a number of ways, particularly optimization
[10,11], which was dependent on simulations [12] and decision-making processes [13,14]. In the area of the electrical
power market, the analysis is impossible and profitable [15].

A hybrid energy system combines several methods for generating and storing energy, or it uses two or more
different fuels to power a generator. The economic viability of a PV, diesel, and battery hybrid system backed by NPC,
COE, and RF was determined by Lanre et al. [16]. The performance of a hybrid PV, wind, diesel, and battery
combination supporting hourly measurement was examined by Fazia et al. [17] using the Homer program. Mixed-
integer applied arithmetic was developed by Andre et al. [18] to simulate system behavior and provided integrated
sizing and scheduling of wind, PV, diesel, and battery-based hybrid systems. Off-grid intermittent renewable energy
source (IRES) combining biogas combined heat and power (CHP) and solar power (PV) to generate electricity was the
subject of a techno-economic analysis by Castellanos et al. [19] using Homer software, Sen et al. [20] presented a
hybrid electric system with renewable resources, including solar photovoltaic (PV), solar thermal power (SHP), wind
turbines, and biodiesel generators, and determined the optimum off-grid alternative to the conventional grid. Gonzalez
et al. [21] showed the ideal size for grid-connected hybrid PV-wind power systems, taking into account the system's
lowest life cycle cost. A continuous power supply was proposed by M. M. Rashid et al. [22] by combining conventional
and unconventional energy sources. A grid-connected PV system based on excess electricity, unmet load, NPC, RF, and
CO2 emissions % was presented by Ramli et al. [23]. The optimal hybrid power system configuration for a specific
geographic area was determined by Kolhe et al. [24] using techno-economic research to identify the sensitivity
characteristics, COE, yearly average wind speed, and sun irradiation.

The research-based on the study and analysis of hybrid energy options for electricity production in Rangpur [22].
But, there is no hybrid energy production system in Nilphamari. This analysis helps to choose a hybrid energy option
for electricity production and reduce the problem created by the lack of electricity in the region of Nilphamari.

This paper implements a combination of solar, wind, micro-hydro, and diesel system based on actual load profiles
for Nilphamari. Therefore, if the suggested system is implemented, long-term electricity production will be possible and
reduced grid dependency of Nilphamari.

The remaining of the paper proceeds as follows: Section 2 materials and methods; Section 3 discusses results and
discussion, and the last one is research conclusion.

2. Materials and methods

2.1 Simulation setup

This paper discusses the hybrid power system consisting of PV, hydro, wind, diesel generator, reformer, and
electrolyzer, as shown in Fig.1. In the proposed system, the diesel generator power plant is incorporated with another
energy source, PV, wind, hydro, reformer, and electrolyzer.
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Fig.1. The schematic diagram of the hybrid energy system, Nilphamari.

2.2 Site location

The Nilphamari locate at latitude 25° 56.2' N and longitude 88° 50.4' E. The location of the project area is shown in
Fig.2 [25]. Bangladesh map is the combination of green and red color. The green and red color regions indicate the
boundary of Bangladesh and the red color region especially for the Nilphamari location in Fig.2.
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Fig.2. Location of Nilphamari, Bangladesh.

2.3 Consumption

Consumption represents the amount of energy that has been consumed over a specific time (kwh) by the load. This
paper shows two consumptions; electric consumption and other is hydrogen consumption.

2.3.1 Electric Consumption

The term "electricity consumption" refers to how many kWh the load has used up in a given amount of time. The
pace at which electrical energy is consumed for a required output rating was referred to as the electricity demand (kKW).
The proposed system requires 2602kWh/day and has a peak of 518 kW load [26]. Fig.3 shows the electrical production;
of PV, hydro, wind, and diesel generators. The hydro-generator produces the maximum and the wind turbine produces
minimum electricity. In the proposed system, the following generation sources serve the electrical load. The monthly
load profile for electric consumption is shown in Fig.4. The maximum monthly average load is 398.37 kW in August
and the minimum is 266.73kW in January.
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Fig.3. The electrical production of the hybrid system
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Fig.4. Monthly load profile for electric consumption, Nilphamari.
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2.3.2 Hydrogen Consumption

Hydrogen consumption represents the amount of hydrogen energy that has been consumed over a specific time
(kwWh) by the load. The proposed system requires 11 kg/day of hydrogen and has a peak of 2.393 kg/hr [27]. The
following generation sources serve the hydrogen load of the system. The hydrogen production of the proposed system is
shown in Fig.5. The reformer and electrolyzer are used to generate the hydrogen. The monthly load profile for hydrogen
consumption is shown in Fig.6. The average monthly maximum load is 1.60 kg/hr in August, and the minimum load is
0.37 kg/hr in January.
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Fig.5. Hydrogen production.

[3%]

Average monthly load (kg/hr)

Il —|
=
{ Z
|
|
]
]

0.5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Fig.6. Monthly load for hydrogen consumption.

2.4 Renewable energy resources

Renewable energy resources are such as solar energy, wind energy, hydro energy, biomass, biogas energy, etc.
Through the project area solar, wind, and hydro energy resources are used for optimization.

2.4.1 Solar resource

Based on the location of the project area, the annual average daily solar radiation of the area is 5.85 kWh/m?/
day [28]. Fig.7 shows the monthly average daily solar radiation and clearness index. According to Fig.7, in October,
solar radiation is maximum i.e., 6.080 kWh/m?/ day whereas, in May, solar radiation is minimum i.e., 5.680kWh/m?/
day.
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Fig.7. Solar resource

2.4.2 Hydro Resource

According to the statistics (January 2016 — December 2020) of the Bangladesh Water Development Board (BWDB)
[29], Rangpur in Bangladesh. The annual average stream flow for the river of Teesta is 899,752.35 L/s. The maximum
stream flow in July is 2,512,522.00 L/s and the minimum stream flow in February is 63,277.170 L/s, as shown in Fig.8.
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Fig.8. Hydro resource.

2.4.3 Wind Resource

For this assessment, the project area's wind resource is taken into consideration. Homer describes the wind speed
using the site's latitude information obtained from NASA (national aeronautics and space administration, USA) via the
internet. [30]. The annual average wind speed data is 3.91 m/s. The maximum wind speed data in June is 4.980 m/s and
the minimum wind speed data in December is 2.800 m/s, as illustrated in Fig.9.
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Fig.9. Wind Resource.

2.5 Power sources

This project uses different combined power sources such as PV, wind, hydro, diesel generator, electrolyzer, and
reformer to get efficient power to fulfill the consumption load.

2.5.1 PV system

The name "photovoltaic" is taken from the Greek words "photo,” which means light, and "voltaic," which means
voltage. Photovoltaic systems use sunlight to generate electricity. To determine the clearness index for the PV system,
Homer employs the standard global horizontal radiation. The entire amount of radiation that hits the surface of the globe
is known as global horizontal radiation. But the amount of radiation impacting the PV array's surface determines how
much power it can produce. Homer must therefore determine the amount of radiation that has been incident on the PV
array's surface. In this project, the Peimar Inc. PV module is used. Table 1 shows the PV output. In Table 1, the rated
capacity of PV is 254 kW, the annual production is 486,337 kWh/yr and LCOE is 0.268 $/kWh. Fig.10 demonstrates
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PV power output at different months per hour of the day. In Fig.10, the black color represents the zero output and the
yellow color represents the maximum output which is 261 kW.

Table 1. PV output.

Parameters Quantity
Rated Capacity 254 kW
Specific Yield 1,913 kWh/kW
PV Penetration 51.2%
Total Production 486,337 kW
LCOE 0.268 $/kWh
300 kw
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Fig.10. PV power output at different months per hour of the day.

2.5.2 Wind Turbine

A wind turbine is an energy-generating machine that is propelled by the wind's kinetic energy. Table 2 displays the
output of wind turbines. From Table 2, the wind turbine’s total electrical production is 1,304 kWh/yr, rated capacity is
2.00 kW. Fig.11 demonstrates wind turbine output at different months per hour of the day. According to Fig.11, the
black color represents the zero output and the red color represents the maximum output of 2.0 kKW.

Table 2. Wind turbine output.

Parameters Quantity
Wind Turbine Total Production 1,304 kWh/yr
Wind Turbine Lifetime 25.0 years
Rated Capacity 2.00 kw
Hours of Operation 5,864 hrs/yr
2.0 kw
1.6 kW
By
3 1.2 kW
Yt
(o]
] 0.80 kw
%
0.40 kw
0 kw

Day of year

Fig.11. Wind turbine output at different months per hour of the day.

2.5.3 Diesel generator

A generator is a device that transforms mechanical energy into electrical energy. Power output from the diesel
generator system output is shown in Table 3. According to Table 3, the rated capacity is 570 kW using diesel as fuel,
electric production is 4,231 kWh/yr, fuel consumption is 1,289 L, fixed generation cost is 58.0 $/hr, generator fuel price
is 1.00 $/L, electrical production is 4,231 kWh/yr, marginal generation cost is 0.248 $/kWh. Fig.12 shows diesel
generator output at different months per hour of the day. In Fig.12, the black color represents the zero output and the red
color represent the maximum output in KW. The maximum diesel generator output is 192 kW and the minimum output

is 142 kKW.
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Table 3. Generator output.

Parameters Quantity
Capacity 570 kW
Operational Life 517 yr
Fuel Consumption 1,289 L

Hours of Operation 29.0 hrs/yr

Fixed Generation Cost 58.0 $/hr

Generator Fuel Diesel

Generator Fuel Price 1.00 $/L
Electrical Production 4,231 kWh/yr
0.248 $/kWh

Marginal Generation Cost

200 kw
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120 kw
BO kw

40 kw

Hour of day
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Fig.12. Diesel generator output at different months per hour of the day.

2.5.4 Hydropower

Hydropower, also referred to as water power, generates electricity using falling or swiftly moving water. This
project uses hydropower to produce electricity in the Teesta of Nilphamari. Hydropower output is shown in  Table 4.
Table 4 demonstrates rated capacity 92.0 kW, operation hours 8,760 hrs/yr, levelized cost 0.00378 $/kWh, capacity
factor 128%, total production 1,027,199 kWh/yr, maximum output 117 kW, hydro penetration 108%. Fig.13 shows
hydropower output at different months per hour of the day. In Fig.13, the black color represents the lowest output and
the red color represents the maximum output in KW. The maximum hydro output and the minimum output are 117 kW.

Table 4. Hydropower output.

Parameters Quantity
Rated Capacity 92.0 kW
Operation Hours 8,760 hrs/yr
Levelized Cost 0.00378 $/kWh
Capacity Factor 128 %
Total Production 1,027,199 kWh/yr
Maximum Output 117 kW
Hydro Penetration 108 %
24 180 kw
18 152 kw
5 . 124 kw
b 96 kw
56
5 GS W
T
c r T T 1 40 ':‘A:
a0 180 270 365
Day of year

Fig.13. Hydropower output at different months per hour of the day.
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2.5.5 Electrolyzer

The electrolyzer is a device that uses electricity to chemically separate the molecules of hydrogen and oxygen in
order to produce hydrogen. [31]. In this project, the electrolyzer is used to generate hydrogen. The generic electrolyzer
output is shown in Table 5. According to Table 5 the electrolyzer rated capacity is 100 kW, the total annual production
is 2,422 kglyr, hours of operation is 6,148 hr/yr, operating expenses are 1,000 $/yr, the capacity factor is 12.8%, and
total production is 2,422 kg/yr. Electrolyzer output at different months per hour of day the shown in Fig.14 in which the
black color represents the zero output, and the red color represents the maximum output in kW. The maximum

electrolyzer output is 2.15 kg/hr, and the minimum output is 0 kg/hr.

Table 5. Electrolyzer output

Parameters Quantity
Rated Capacity 100 kW
Total Input Energy 112,413 kWh/yr
Hours of Operation 6,148 hrlyr
Operating Expenses 1,000 $/yr
Capacity Factor 12.8 %
Total Production 2,422 kglyr
Specific Consumption 46.4 kWh/kg
Mean Output 0.277 kg/hr
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Fig.14. Electrolyzer output at different months per hour of the day.

2.5.6 Reformer

The reformer is a device that separates pure hydrogen from hydrocarbons and supplies it to fuel cells. [32]. In this
project, the reformer is used to generate hydrogen from diesel fuels. The generic reformer output is shown in Table 6.
Table 6 shows the reformer rated capacity 3.00 kg/hr, hours of operation 3,317 hr/yr, capacity factor 0.0709%, total

production 1,863 kg/yr, and maximum output 2.39 kg/hr. Fig.15 reformer output at different months of hour of the day.

In Fig.15, the black color represents the zero output and the red color represent the maximum output in KW. Th
maximum reformer output is 2.39 kg/hr and the minimum output is 0 kg/hr.

Table 6. Reformer output

Parameters Quantity
Rated Capacity 3.00 kg/hr
Hours of Operation 3,317 hrlyr
Capacity Factor 0.0709 %
Total Production 1,863 kaglyr

2.5 ka/hr

MM o+ 1 - (A

1.5 kg/hr

> )
MM A e
' X g/hr

5 18 1L
:E’ 0.50 kg/hr

T T T T y -0 kg/hr

1 S0 180 270 365

Day of year

Fig.15. Reformer output at different months of hour of the day.

2.5.7 Hydrogen Tank

A hydrogen tank is such type of tank that is used for the storage purpose of hydrogen in the form of liquid which
used in this project. Table 7 shows the hydrogen tank output of the proposed hybrid system.
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Table 7. Hydrogen tank output

Parameters Quantity
Hydrogen Storage Capacity 1.00 kg
Content at Beginning of Year 0.100 kg
Tank Autonomy 0.307 hr
Energy Storage Capacity 33.3 kWh
Content at End of Year 1.00 kg

Table 7 shows the hydrogen tank output of the proposed hybrid system. The hydrogen storage capacity is 1.00 kg,
content at beginning of the year is 0.100 kg, tank autonomy is 0.307 hr, energy storage capacity is 33.3 kwWh, and
content at end of the year is 1.00 kg. Fig.16 demonstrates hydrogen tank output at different months per hour of the day.
In Fig.16, the black color represents the zero output and the red color represents the maximum output in kW. The

maximum average storage is 1.00kg and the minimum average is 0.60 kg.

Hour of day

Day of vear

Fig.16. Hydrogen tank output at different months per hour of the day.

2.6 Storages

A battery or storage device uses an electrochemical oxidation-reduction mechanism to convert the chemical energy
held in its active components directly into electric energy. This project uses the Surrette 4 KS 25P storage system. The
Surrette 4 KS 25P battery, which is designed exclusively for solar and other renewable energy applications, is a solid
option for medium- and large-sized charge storage. [33]. Table 8 shows the storage output. Table 8 expresses the rated

capacity as 3,305 kWh.

Table 8. Storage output.

Parameters Quantity
Rated Capacity 3,305 kWh
Annual Throughput 158,052 kWh/yr
Autonomy 18.3 hr
Expected Life 20.0 yr

Losses 35,341 kWh/yr

The annual throughput is 158,052 kWh/yr, autonomy is 18.3 hr, expected life is 20.0 yr, and losses are 35,341
kWh/yr. Fig.17 shows storage output at different months per hour of the day. In Fig.17, the black color represents the
lowest output and the red color represents the maximum output in a percentage. The maximum average storage is 99.98%

in January and the minimum average storage is 90.15% in August.
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Fig.17. Storage output at different months per hour of the day
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2.7 Converter

This project uses a system converter, which includes an inverter that converts DC power to AC power and a
rectifier that converts AC power to DC power. Table 9 shows the converter output. Table 9 shows the system converter
capacity 433 kW, mean output 52.1 kW, capacity factor 12.0%, hours of operation 3,521 hrs/yr, energy output 456,244
kWh/yr, energy losses 50,694 kWh/yr. Fig.18 shows storage output at different months per hour of the day (a) Inverter
output and (b) Rectifier output. In Fig.18, the black color represents the zero output and the red color represent the
maximum output in KW. The maximum average output of the inverter and rectifier is 381 kW and 99 kW respectively,
and the minimum average output of the inverter and rectifier is 0 kKW.

Table 9. Converter output.

Quantity inverter rectifier unit
Capacity 433 433 kw
Mean Output 52.1 16.6 kw
Minimum Output 0 0 kw
Maximum Output 381 99.6 kw
Capacity Factor 12.0 3.84 %
Hours of Operation 3,521 4,778 hrs/yr
Energy Out 456,244 145,606 KWh/yr
Energy In 506,938 171,302 kWhlyr
Losses 50,694 25,695 kWh/yr

O AR

3

5 % i 2o =
Day of year

(@) Inverter output

Hour of day

Day of vear

(b) Rectifier output

Fig.18. Converter output at different months per any hour of the day (a) Inverter output (b) Rectifier output

3. Result and Discussion

Based on the component combinations provided as input data, Homer simulates every potential system
configuration, tossing out impractical configurations that can't be implemented given the recommended load, the
available resources, and the established limitations. According to the total net present cost, some feasible combinations
are presented in ascending order, as shown in Fig.19. The optimization outputs are presented in a categorical format.
Fig.19 illustrates all possible system configurations according to cost efficiency for a particular set of sensitivity
variables. Four parameters are considered to find an optimal system; COE, RF, NPC, and CO, emissions. The
optimization result shows that the minimum COE is $0.224/kWh. In the proposed system the COE is $0.241/kWh, NPC
is 2,961,790.00, operating cost $16,156.16 and CO, 3,373 kg/yr. Fig.19 displays the most cost-effective configurations
from each possible combination; PV, wind, hydro, electrolyzer, and reformer in which one possible configuration is
selected for the proposed project.
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Fig.19. Optimization results in a categorized form.

3.1 Sensitivity parameters

Diesel cost is regarded as a sensitivity parameter. The COE is successively $0.224, $0.226, and $0.228 based on
the three distinct diesel price levels of $0.90/L, $1.00/L, and $1.08/L. The renewable proportion for the three sensitivity
parameters is 99.6%. For all models, these sensitivity variables are investigated.

3.2 Compare Economics

Homer calculates the actual discount rate (in percent), which is needed to convert between one-time and recurring
costs. This process is known as economics. The economics of the project are shown in Table 10 that indicates the
present worth is $37,181, the annual worth is 2,876 $/yr, the return on investment is 86.1%, the internal rate of return is
10.3% and simple payback is 24.20 yr.

Table 10. Economic of the project.

Metrics value
Present worth ($) $37,181
Annual worth ($/yr) $2,876
Return on investment (%) 86.1
Internal rate of return (%) 10.3
Simple payback (yr) 24.20

3.3 Emissions

In this hybrid system, several gases are emitted; carbon dioxide, carbon monoxide, sulfur dioxide, nitrogen oxides,
etc. The emission of the hybrid system is shown in Table 11 in which the emission of various gases; carbon dioxide
3,373 Kkglyr, carbon monoxide 21.3 kg/yr, unburned hydrocarbons 0.928 kg/yr, particulate matter 0.129 kg/yr, sulfur
dioxide 8.26 kg/yr, nitrogen oxides 20.0 kg/yr. All over the emissions are comparatively less per year.

Table 11. The emission of the project.

Parameters value
Carbon Dioxide 3,373 kglyr
Carbon Monoxide 21.3 kglyr
Unburned Hydrocarbons 0.928 kglyr
Particulate Matter 0.129 kglyr
Sulfur Dioxide 8.26 kglyr
Nitrogen Oxides 20.0 kglyr

Table 11 shows the emission of various gases; carbon dioxide 3,373 kg/yr, carbon monoxide 21.3 kg/yr, unburned
hydrocarbons 0.928 kg/yr, particulate matter 0.129 kg/yr, sulfur dioxide 8.26 kg/yr, nitrogen oxides 20.0 kg/yr. All over
the emissions are comparatively less per year.
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3.4 Renewable Penetration

The term "penetration” refers to the proportion of power produced by a certain resource. [34]. Renewable
penetration can refer to the percentage of the total electricity generated relative to the total electricity consumed.

Table 12. Renewable penetration shows with (a) capacity-based metrics (b) energy-based metrics and (c) peak values.

Capacity based metrics value

Nominal renewable capacity divided by total nominal capacity 38.9%

Usable renewable capacity divided by total capacity 34.2%
(a

Energy-based metrics value

Total renewable production divided by load 153%

Total renewable production divided by generation 99.7%

One minus total nonrenewable production divided by the load 99.6%
(b)

Peak values value

Renewable output divided by load (HOMER standard) 126,669%

Renewable output divided by total generation 100%

One minus nonrenewable output divided by the total load 100%

©

Table 12 shows the renewable penetration with (a) capacity-based metrics, (b) energy-based metrics, and (c) Peak
values of the project. For the capacity-based metrics, nominal renewable capacity divided by total nominal capacity is
38.9%, and usable renewable capacity divided by total capacity is 34.2%. For the energy-based metrics, total renewable
production divided by load is 153%, and total renewable production divided by generation is 99.7%. For the peak
values, renewable output divided by load (Homer standard) is 126,669%, and renewable output divided by total
generation is 100%.

4. Conclusion

Homer software is used to present optimal configurations and sensitivity analyses for the models under
consideration. The ideal system size for the suggested hybrid system is as follows: 254 kW of solar power, 92 kW of
hydropower, 570 kW of diesel power, 438 batteries, 433 kW of converter power, 3 kW of reformer power, and 100
electrolyzers. The construction is deemed to be more palatable when the environment's primary determining factor is
taken into account because it emits the least CO, (3373 kg/yr). As a result, it can be advised that the project area
prioritize environmental issues as a workable solution.

References

[1] M. A. Habib, K. M. A. Kabir, and J. Tanimoto, “Evolutionary Game Analysis For Sustainable Environment Under Two Power
Generation Systems,” Evergreen Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, vol. 09, no. 02, pp.
323-341, 2022.

[2] M. A. Habib, “Wind Speed Data And Statistical Analysis For Rangpur District In Bangladesh,” Journal of Electrical
Engineering, Electronics, Control and Computer Science — JEEECCS, vol.8, Issue 30, pp. 1-10, 2022.

[3] M. A. Elhadidy, “Performance evaluation of hybrid (wind/solar/diesel) power systems,” Renewable Energy, vol. 26, pp. 401—
413, Jul. 2002. Doi: 10.1016/S0960-1481(01)00139-2.

[4] J. Thake, “The Micro-Hydro Pelton Turbine Manual: Design, Manufacture and Installation for Small-Scale Hydro-Power,”
ITDG Publishing, pp. 1-10, 2001.

[5] N. Phuangpornpitak and S. Kumar, “SK. PV hybrid systems for rural electrification in Thailand,” Renewable and Sustainable
Energy Reviews, vol. 11, pp. 1530-1543, Sep. 2007. Doi: 10.1016/j.rser.2005.11.008.

[6] J. Kenfack, F. P. Neirac, T. T. Tatietse, D. Mayer, M. Fogue, and A. Lejeune, “Microhydro-PV-hybrid system: Sizing a small
hydro-PV-hybrid system for rural electrification in developing countries,” Renewable energy, vol. 34, no. 10, pp. 2259-2263,
2009.

[7] A.B. Kanase-Patil, R. P. Saini, and M. P. Sharma, “Development of IREOM model based on seasonally varying load profile for
hilly remote areas of Uttarakhand state in India,” Energy, vol. 36, no. 9, pp. 5690-5702, 2011.

[8] A. Arnette and C. W. Zobel, “An optimization model for regional renewable energy development,” Renewable and Sustainable
Energy Reviews, vol. 16, no. 7, pp. 46064615, 2012.

[9]1 K. Rajashekara, “Hybrid fuel-cell strategies for clean power generation,” IEEE Transactions on Industry Applications, vol. 41,
pp. 682—689, 2005.

Volume 12 (2022), Issue 5 35


https://www.tj.kyushu-u.ac.jp/evergreen/contents/EG2022-9_2_content/pdf/323-341.pdf
https://www.tj.kyushu-u.ac.jp/evergreen/contents/EG2022-9_2_content/pdf/323-341.pdf
https://www.tj.kyushu-u.ac.jp/evergreen/contents/EG2022-9_2_content/pdf/323-341.pdf
https://jeeeccs.net/index.php/journal/article/view/284/0
https://jeeeccs.net/index.php/journal/article/view/284/0
https://www.sciencedirect.com/science/article/abs/pii/S0960148101001392
https://www.sciencedirect.com/science/article/abs/pii/S0960148101001392
https://www.semanticscholar.org/paper/The-Micro-Hydro-Pelton-Turbine-Manual%3A-Design%2C-and-Thake/d0fd72d5bc9a6863f52edd0b1aa53d22603d7147
https://www.semanticscholar.org/paper/The-Micro-Hydro-Pelton-Turbine-Manual%3A-Design%2C-and-Thake/d0fd72d5bc9a6863f52edd0b1aa53d22603d7147
https://www.researchgate.net/publication/222544510_SK_PV_hybrid_systems_for_rural_electrification_in_Thailand
https://www.researchgate.net/publication/222544510_SK_PV_hybrid_systems_for_rural_electrification_in_Thailand
https://econpapers.repec.org/article/eeerenene/v_3a34_3ay_3a2009_3ai_3a10_3ap_3a2259-2263.htm
https://econpapers.repec.org/article/eeerenene/v_3a34_3ay_3a2009_3ai_3a10_3ap_3a2259-2263.htm
https://econpapers.repec.org/article/eeerenene/v_3a34_3ay_3a2009_3ai_3a10_3ap_3a2259-2263.htm
https://ideas.repec.org/a/eee/energy/v36y2011i9p5690-5702.html
https://ideas.repec.org/a/eee/energy/v36y2011i9p5690-5702.html
https://www.researchgate.net/publication/257547998_An_optimization_model_for_regional_renewable_energy_development
https://ieeexplore.ieee.org/document/1432990
https://ieeexplore.ieee.org/document/1432990

The Best Techno-economic Aspects of the Feasibility Study Concerning the Proposed PV-
Wind-hydro Hybrid System in Nilphamari, Bangladesh

[10] M. A. Habib, ““Can People Detect Dilemma Strength in A 2 Player 2 Strategy Game?’: A Survey Game.” Interdisciplinary
Graduate School of Engineering Sciences, Kyushu University, Oct. 24, pp. 116-117, 2019. Doi: 10.15017/2552956.

[11] M. A. Habib, K M Ariful Kabir, and J. Tanimoto, “‘Do humans play according to the game theory when facing the social
dilemma situation?” A survey study.,” Evergreen Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, vol.
7,no. 1, pp. 7-14, Mar. 2020. Doi: 10.5109/2740936.

[12] M. A. Habib, M. Tanaka, and J. Tanimoto, “How does conformity promote the enhancement of cooperation in the network
reciprocity in spatial prisoner’s dilemma games?,” Chaos, Solitons & Fractals, vol. 138, pp. 109997, Sep. 2020. Doi:
10.1016/j.chaos.2020.109997.

[13] M. U. Rashid, M. A. Habib, and M. M. Hasan, “Design and construction of the solar photovoltaic simulation system with the
implementation of mppt and boost converter using matlab/simulink,” Asian Journal of Current Research, 3(1): ISSN: 2456-
804X, pp. 27-36, 2018.

[14] M. A. Habib, “The application of asymmetric game in the electrical power market,” Journal of Electrical Engineering,
Electronics, Control and Computer Science —JEEECCS (Accepted), 2022.

[15] M. A. Habib, “Game Theory, Electrical Power Market and Dilemmas,” Journal of Electrical Engineering, Electronics, Control
and Computer Science — JEEECCS, vol. 8, no. Issue 29, pp 33-42, 2022.

[16] L. Olatomiwa, S. Mekhilef, A. S. N. Huda, and O. S. Ohunakin, “Economic evaluation of hybrid energy systems for rural
electrification in six geo-political zones of Nigeria,” Renewable Energy, vol. 83, no. C, pp. 435-446, 2015.

[17] F. Baghdadi, K. Mohammedi, S. Diaf, and O. Behar, “Feasibility study and energy conversion analysis of stand-alone hybrid
renewable energy system,” Energy Conversion and Management, vol. 105, pp. 471-479, Nov. 2015. Doi:
10.1016/j.enconman.2015.07.051.

[18] A. Malheiro, P. M. Castro, R. M. Lima, and A. Estanqueiro, “Integrated sizing and scheduling of wind/PV/diesel/battery
isolated systems,” Renewable Energy, vol. 83, pp. 646—657, 2015.

[19] J. G. Castellanos, M. Walker, D. Poggio, M. Pourkashanian, and W. Nimmo, “Modelling an off-grid integrated renewable
energy system for rural electrification in India using photovoltaics and anaerobic digestion,” Renewable Energy, vol. 74, pp.
390-398, Feb. 2015. Doi: 10.1016/j.renene.2014.08.055.

[20] R. Sen and S. Bhattacharyya, “Off-grid electricity generation with renewable energy technologies in India: An application of
Homer,” Renewable Energy, vol. 62, pp. 388-398, Feb. 2014. Doi: 10.1016/j.renene.2013.07.028.

[21] A. Gonzalez Junca, J.-R. Riba, and A. Rius, “Optimal Sizing of a Hybrid Grid-Connected Photovoltaic-Wind-Biomass Power
System,” Sustainability, vol. 7, pp. 12787-12806, Sep. 2015. Doi: 10.3390/su70912787.

[22] M. U. Rashid, M. Rahman, M. A. Habib, and M. M. Hasan, “Study and analysis of hybrid energy options for electricity
production in rangpur, bangladesh,” Asian Journal of Current Research,vol.3(1), pp. 9-14, 2018, ISSN: 2456-804X.

[23] M. A. M. Ramli, A. Hiendro, K. Sedraoui, and S. Twaha, “Optimal sizing of grid-connected photovoltaic energy system in
Saudi Arabia,” Renewable Energy, vol. 75, pp. 489-495, Mar. 2015. Doi: 10.1016/j.renene.2014.10.028.

[24] M. L. Kolhe, 1. Ranaweera, and A. G. B. S. Gunawardana, “Techno-economic sizing of off-grid hybrid renewable energy
system for rural electrification in Sri Lanka,” Sustainable Energy Technologies and Assessments, vol. 11, pp. 53-64, 2015.

[25] "Bangladesh Map" https://gisgeography.com/bangladesh-map/

[26] "Load profile" https://www.homerenergy.com/products/pro/docs/latest/load_profile_menu.html

[27] "Hydrogen load profile" https://www.homerenergy.com/products/pro/docs/latest/hydrogen_load.html

[28] "Solar resource™ https://www.homerenergy.com/products/pro/docs/latest/solar_ghi_resource.html

[29] "Hydro resource" http://bwdb.rangpurdiv.gov.bd/

[30] "Wind resource™ https://www.homerenergy.com/products/pro/docs/latest/wind_resource.html

[31] “Electrolizer” https://www.cummins.com/news/2020/11/16/electrolyzers-101-what-they-are-how-they- work-  and-where-
they-fit-green-economy

[32] “Reformer” https://www.homerenergy.com/products/pro/docs/latest/reformer_efficiency.html

[33] “Battery” https://ressupply.com/batteries-and-enclosures/rolls-surrette-4-ks-25p-battery

[34] “Penetration” https://www.homerenergy.com/products/pro/docs/latest/renewable_penetration.html

Authors’ Profiles

Engineering, Begum Rokeya University, Rangpur, Bangladesh. He has completed his B. Sc degree in Department
of Electrical and Electronic Engineering, Begum Rokeya University, Rangpur. His research is in the field of
energy engineering.

ﬁ Md. Sariful Islam is currently working as Research Assistant of Department of Electrical and Electronic
=

Md. Ahsan Habib is currently working as Associate Professor Department of Electrical and Electronic
Engineering, Begum Rokeya University, Rangpur, Bangladesh. He received his PhD in Energy at Kyushu
University, Fukuoka city, Japan. He received B.Sc in Applied Physics, Electronics & Communication Engineering,
University of Dhaka. His research is in the field of renewable energy.

36 Volume 12 (2022), Issue 5


https://catalog.lib.kyushu-u.ac.jp/opac_download_md/2552956/p116.pdf
https://catalog.lib.kyushu-u.ac.jp/opac_download_md/2552956/p116.pdf
http://www.tj.kyushu-u.ac.jp/evergreen/contents/EG2020-7_1_content/pdf/Pages_7-14.pdf
http://www.tj.kyushu-u.ac.jp/evergreen/contents/EG2020-7_1_content/pdf/Pages_7-14.pdf
http://www.tj.kyushu-u.ac.jp/evergreen/contents/EG2020-7_1_content/pdf/Pages_7-14.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0960077920303969#!
https://www.sciencedirect.com/science/article/abs/pii/S0960077920303969#!
https://www.sciencedirect.com/science/article/abs/pii/S0960077920303969#!
https://www.ikprress.org/index.php/AJOCR/article/view/424
https://www.ikprress.org/index.php/AJOCR/article/view/424
https://www.ikprress.org/index.php/AJOCR/article/view/424
https://www.researchgate.net/publication/359510882_Game_Theory_Electrical_Power_Market_and_Dilemmas
https://www.researchgate.net/publication/359510882_Game_Theory_Electrical_Power_Market_and_Dilemmas
https://ideas.repec.org/a/eee/renene/v83y2015icp435-446.html
https://ideas.repec.org/a/eee/renene/v83y2015icp435-446.html
https://www.academia.edu/19515562/Feasibility_study_and_energy_conversion_analysis_of_stand-alone_hybrid_renewable_energy_system
https://www.academia.edu/19515562/Feasibility_study_and_energy_conversion_analysis_of_stand-alone_hybrid_renewable_energy_system
https://www.academia.edu/19515562/Feasibility_study_and_energy_conversion_analysis_of_stand-alone_hybrid_renewable_energy_system
https://repositorio.lneg.pt/handle/10400.9/2958?locale=en
https://repositorio.lneg.pt/handle/10400.9/2958?locale=en
https://www.sciencedirect.com/science/article/abs/pii/S0960148114005254
https://www.sciencedirect.com/science/article/abs/pii/S0960148114005254
https://www.sciencedirect.com/science/article/abs/pii/S0960148114005254
https://www.researchgate.net/publication/273795522_Off-grid_electricity_generation_with_renewable_energy_technologies_in_India_An_application_of_HOMER
https://www.researchgate.net/publication/273795522_Off-grid_electricity_generation_with_renewable_energy_technologies_in_India_An_application_of_HOMER
https://www.mdpi.com/2071-1050/7/9/12787/htm
https://www.mdpi.com/2071-1050/7/9/12787/htm
https://www.researchgate.net/publication/332173316_STUDY_AND_ANALYSIS_OF_HYBRID_ENERGY_OPTIONS_FOR_ELECTRICITY_PRODUCTION_IN_RANGPUR_BANGLADESH
https://www.researchgate.net/publication/332173316_STUDY_AND_ANALYSIS_OF_HYBRID_ENERGY_OPTIONS_FOR_ELECTRICITY_PRODUCTION_IN_RANGPUR_BANGLADESH
https://www.sciencedirect.com/science/article/abs/pii/S0960148114006557
https://www.sciencedirect.com/science/article/abs/pii/S0960148114006557
https://daneshyari.com/article/preview/8123210.pdf
https://daneshyari.com/article/preview/8123210.pdf
https://gisgeography.com/bangladesh-map/
https://www.homerenergy.com/products/pro/docs/latest/load_profile_menu.html
https://www.homerenergy.com/products/pro/docs/latest/hydrogen_load.html
https://www.homerenergy.com/products/pro/docs/latest/solar_ghi_resource.html
http://bwdb.rangpurdiv.gov.bd/
https://www.homerenergy.com/products/pro/docs/latest/wind_resource.html
https://www.cummins.com/news/2020/11/16/electrolyzers-101-what-they-are-how-they-%09work-%20%20%09and-where-they-fit-green-economy
https://www.cummins.com/news/2020/11/16/electrolyzers-101-what-they-are-how-they-%09work-%20%20%09and-where-they-fit-green-economy
https://www.homerenergy.com/products/pro/docs/latest/reformer_efficiency.html
https://ressupply.com/batteries-and-enclosures/rolls-surrette-4-ks-25p-battery
https://www.homerenergy.com/products/pro/docs/latest/renewable_penetration.html

The Best Techno-economic Aspects of the Feasibility Study Concerning the Proposed PV-
Wind-hydro Hybrid System in Nilphamari, Bangladesh

Nuhim Ahamed Noman is currently working as Research Assistant of Department of Electrical and Electronic Engineering, Begum
Rokeya University, Rangpur, Bangladesh. He has completed his B. Sc degree in Department of Electrical and Electronic Engineering,
Begum Rokeya University, Rangpur. His research is in the field of energy engineering.

How to cite this paper: Md. Sariful Islam, Nuhim Ahamed Noman, Md. Ahsan Habib, "The Best Techno-economic Aspects of the
Feasibility Study Concerning the Proposed PV-Wind-hydro Hybrid System in Nilphamari, Bangladesh”, International Journal of
Education and Management Engineering (IJEME), Vol.12, No.5, pp. 24-37, 2022. DOI:10.5815/ijeme.2022.05.04

Volume 12 (2022), Issue 5 37



