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Abstract 
 

The world´s future energy generation needs to be sustainable without negative impact on 

people´s health or on our nature. Within present trends to develop energy scenarios with 

diminishing use of fossil fuels, nuclear power etc. it seems difficult to meet an increasing need 

for energy. Incorporation of renewable energy sources within the energy sector could mitigate 

future energy crises in a sustainable way. 

Bangladesh is a south Asian developing country with great prospects of renewable energy 

resources. Severe energy crisis such as shortage on electricity generation over the decades is one 

of the major problems in the country. This problem could be reduced by introducing renewable 

energy resources at a large-scale within the power sector. 

Renewable energy sources are increasingly used due to its availability and it has little negative 

impact on the environment. Solar energy and biomass are great and valuable resources in the 

green energy field. In this thesis, a feasibility study of a hybrid renewable energy system, HRES, 

including biogas fueled internal combustion engines, driving an electrical generator and solar 

PV in vicinity to urban areas in Bangladesh was analyzed using HOMER software. 

The HRES system was designed for electricity generation in a community near Dhaka city in the 

Gazipur district where great resources of solar and biomass are available. In the proposed hybrid 

system, a 40-kW biogas electric generator is integrated with 80 kW of PV panels and the analysis 

shows an energy price of €0.1435/kWh. 
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Sammanfattning 

Världens framtida energigenerering behöver vara hållbar, utan negativ påverkan på människors 

hälsa eller på naturen. I den nuvarande trenden att utveckla energiscenarier där användningen av 

fossila bränslen, kärnkraft etc. minskar, verkar det vara svår att möta det växande energibehovet. 

Integreringen av förnybara energikällor inom energisektorn skulle kunna mildra framtida 

energikriser på ett hållbart sätt. 

Bangladesh är ett utvecklingsland i södra Asien med stora möjligheter och förnybara 

energiresurser. Bristen på elektricitet under flera årtionden har varit krisartad och har utgjort ett 

av landets största problem. Detta problem skulle kunna minskas genom införandet av förnybara 

energikällor i stor skala inom el-sektorn. 

Förnybara energikällor används alltmer dels på grund av tillgängligheten och dels har de liten 

negativ inverkan på miljön. Solenergi och biomassa är stora och värdefulla resurser inom 

området grön energi. I denna avhandling analyseras en genomförbarhetsstudie av ett förnybart 

energihybridsystem som inklusive förbränningsmotorer med biogasbränsle, driver en elektrisk 

generator och solceller placerade i närheten av urbana områden i Bangladesh. 

Genomförbarhetsstudien har utförts med programvaran HOMER. 

Ett HRES-system - ett förnybart energihybridsystem - är konstruerat i detta arbete för el-

generering i ett samhälle nära Dhaka i Gazipur-distriktet. I området är stora resurser av sol och 

biomassa tillgängliga. I det föreslagna hybridsystemet integreras en 40 kW biogas elektrisk 

generator med 80 kW PV-paneler och systemet visar ett energipris på € 0,1435 / kWh. 

 

HRES = hybrid renewable energy system = förnybart energihybridsystem 

PV = photovoltaic = solceller för el-generering 
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1. Introduction 

 

1.1 Background 
 

Energy is an obligatory requirement for economic growth and human development which leads 

to a strong reciprocal relationship between economic development and energy utilization. 

Demand for power is increasing as the increasing rate of global population. Use of fossil fuels 

and nuclear power should be reduced significantly by the upcoming decades due to the injurious 

effect on the environment. So, the question is how the future energy supply will be secured. 

Renewable energy resources will be the key to solve this problem because they are the only 

option to mitigate future energy crisis by a climatically sustainable way. Renewable energy 

resources are enormous in the world and it could also be re-used. This type of energy could be 

subdivided into three major areas and the annual availability of these respective resources 

globally is [1]: 

• solar energy 10.8.1014 MWh /year 

• planetary energy (gravitation) 2.6.1010 MWh/year 

• geothermal energy 2.7.1011 MWh/year 

The annual renewable energy supply exceeds the global annual energy demand by several 

orders of magnitude. These resources are huge on the earth, but the availability of most 

renewable energy sources fluctuates over the year. So, this sector still needs more technological 

development to harness such sustainable sources. Hybrid Renewable Energy Systems will then 

be great solutions for the future energy crisis. Environmental benefits of this kind of systems 

are significantly promising, because these systems regulate irregular renewable resources, and 

greenhouse gas emissions from these systems are negligible. HRES is a combined system with 

one renewable and one conventional energy sources or between renewable sources with or 

without conventional sources, that works grid-connected or in a stand-alone system. These 

systems have some limitations in terms of fuel flexibility, reliability and economic benefits 

[15]. 

Geographically, Bangladesh is in a suitable place for harnessing sustainable energy from 

sources like biomass, solar radiation, wind, and hydropower. Current electricity generation 

entirely depends on natural gas and coal which could be reduced by renewable resources in an 

environment-friendly and cost-effective way. 

A large portion of the total energy demand of the country is supplied by various biomass-based 

fuels. The main sources of biomass are agricultural residues, food wastes, municipal solid 

wastes, and animal dung [2]. Solid waste generation in major cities is increasing due to rapid 

urbanization. In city areas, disposal of solid waste is a major concern for proper management. 

These wastes are always dumped in the open land and rivers, polluting the environment 

seriously and causes diseases like cholera, malaria, typhoid etc. Sustainable usage of these 

wastes such as waste incineration, digestion of organic wastes or biogas production would be 

a great solution for proper waste management as well as generating gas or electricity. The 

capital city of Bangladesh is divided into two separate units for the administrative purpose 

which are Dhaka South city corporation and Dhaka North city corporation. Solid waste 

generation by both units is 3300 tons/day and 2700 tons/day respectively [3]. A large part of 

this waste is bio-degradable which could be utilized for generating electricity in the nearby 

area.  
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A recent waste management system is proposed for Dhaka city which is shown in figure 1:1. 

 

 
Figure 1:1 Proposed solid waste management system in Dhaka city [3]. 

 

Compare to the European Union´s waste hierarchy, this proposal is a standard layout for waste 

management in Bangladesh. The EU´s waste hierarchy is one of the best strategies for receiving 

greater resource efficiency in waste management systems. Five steps of this structure are given 

as follows [4]- 

• prevention 

• preparing for reuse 

• recycling 

• other use, e.g. energy recovery 

• disposal, e.g. landfill 

The EU has followed this hierarchy aiming at minimizing waste disposal focusing on waste 

prevention, reuse, recycling, and energy recovery. Prevention of waste generation is still an 

implausible challenge in Bangladesh due to the increasing rate of population, urbanization, lack 

of awareness etc. Recycling and reuse are common in many areas while waste to energy plant 

and landfilling for generation of biogas would be promising steps for the country. As an 

agricultural country, agricultural residues and animal dung could also be utilized for biogas 

generation. 

Bangladesh is a South Asian developing country, which is located between 20.30 and 26.38 ̊  

north latitude and 88.04 and 92.44 ̊ east longitude with an area of 147,570 km2. The incident 

sunlight year around are abundant in the country. Daily average solar radiation varries between 

4 to 6.5 kWh/m2 [5]. There are many technologies that can be used for electricity generation  

from solar radiation such as Concentrating Solar Power (CSP), Solar Home System (SHS), 

Solar Photovoltaic cells (PV) etc. Among all of them, Solar photovoltaic technology is a 

promising technology which is becoming more popular in both urban and remote areas in the 

country. Introducing solar energy on a large-scale to generate electricity would fulfill the 

energy demand of the country and reduce greenhouse gas emissions to the environment. 
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A combined renewable energy system including biogas fueled electric generator and solar 

photovoltaic cells near Dhaka city would be a sustainable energy source for generating 

electricity and enhance the present energy situation of the city. 

 

1.2 Present energy scenario in Bangladesh 
 

Energy is an essential element for socio-economic development for every nation in the world. 

Adequate energy supply is one of the major issues for the overall development and 

improvement of the lifestyle of human being in any country in this modern era. The global 

energy demand is growing rapidly due to the increasing rate of population and technological 

development [6]. 

Electricity demand in Bangladesh is increasing with the rapid growth rate of population and 

urbanization. As a developing country, Bangladesh needs to generate more power to meet the 

socio-economic, technological and industrial development of the country. Current power 

generation units of the country are entirely dependent on fossil fuels, especially on natural gas, 

coal, and oil. The primary energy consumption was raised to 311 MWh in 2013 that is almost 

double compared to 172 MWh in 2002. However, the availability of such primary energy 

sources is very limited [6]. Natural gas is produced from different gas fields which are available 

naturally in the country. The country needs to import coal mainly from Indonesia, Australia and 

South Africa; diesel and furnace oil from United Arab Emirates, Thailand, Indonesia and 

Malaysia. Different types of primary energy sources and power plants in December 2014 is 

shown in figure 1:2. 

 

 

Figure 1:2 Total installed electricity generation capacity in December 2014 (Bangladesh) (A) 

fuel type (B) plant type [6]. 
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According to BPDB (Bangladesh Power Development Board), the installed electricity 

generation capacity is 16,046 MW including captive power by the end of 2017. As on January 

2019, total installed power including renewable and captive power is (17764+ 290+ 2800) = 

20,854 MW [7]. This amount is not enough as the primary energy consumption of the country. 

The economic growth, rapid urbanization and industrial revolution of the country lead to a 

cumulative power demand. The need for energy in every sector is rapidly growing. This 

problem can be reduced by incorporating more renewable energy resources into the area of 

electricity generation. The government of Bangladesh has taken a systematic approach towards 

renewable energy development to meet the increasing demand for electricity [7]. 

 

1.3 Available renewable energy resources in Bangladesh 

 

Our world is switching to non-carbon sources for energy generation and demand for renewable 

energy is increasing. One important objective for any developing countries is to supply 

necessary electric power for its citizens and without utilizing renewable sources to reach that 

goal is quite difficult. Utilization of renewable resources is a key factor to alleviate energy 

scarcity both in urban and rural areas of Bangladesh. The country has a vast potential in various 

kinds of renewable sources like solar, wind, biomass, hydro and so on. 

 

1.3.1 Biomass 

 

Naturally, Biomass is one of the promising and huge potential renewable sources in 

Bangladesh. In the country, available biomass resources are agricultural crop residues, food 

wastes, cow dung, and poultry wastes, municipal solid wastes. Nowadays biomass and biogas- 

based power plant are being installed in Bangladesh. Energy generation by using biomass fuels 

with biogas plants could be a great solution to both economic and environmental problems. 

Manure from cattle, goats, buffaloes, sheep, and poultry (chicken and ducks) are the common 

animal wastes in Bangladesh. These wastes are often used as fertilizer in farms. Biogas 

production and power generation by using animal manure may become a sustainable solution 

for the energy crisis in remote and rural areas of Bangladesh. This technology is also useful for 

the proper management of animal manure in these areas. 

The generation of wastes in the city areas of Bangladesh is increasing day by day due to the 

high rate of urbanization. In urban areas, the disposal of wastes is a major concern for proper 

management [8]. These wastes are always dumped in open land and rivers polluting the 

environment seriously and causing many harmful diseases. Waste management has become a 

serious issue to promote a healthy environment in urban areas. According to a waste database 

of Bangladesh 2009, the percentage of different physical composition in municipal solid waste 

is shown in figure 1:3. 
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Figure 1:3 Average physical composition of urban solid waste [8]. 

 

The high percentage of organic waste, both food waste from domestic sources and other 

organics from non-domestic sources, means that great potential lies in recycling this organic 

waste into organic fertilizer through aerobic composting or into biogas through anaerobic 

digestion and then to generate electricity. The socio-political point of view of Bangladesh shows 

that MSW, municipal solid waste, has a mass potentiality to produce biogas and used as biofuels 

which may meet the energy crisis of the country. The government of Bangladesh should 

investigate the feasibility of such important resources by starting a pilot project where these 

wastes could be used to generate energy. Advancement of this kind of project would eventually 

empower the use of solid waste derived energy in urban areas of Bangladesh. 

Bangladesh is an agricultural country. Every year the country cultivates huge amounts of crops 

and vegetables which produce residues that can be used to generate energy. Rice straw, rice 

husk, bagasse from sugarcane and jute stick cover about 46% of the total biomass energy [2]. 

Crop residues are used not only as a renewable energy source but also for cooking and raw 

manufacturing material. Table 1:1 shows present renewable energy scenario for power 

generation in Bangladesh. 

 

Table 1:1 Installed power generation capacity from renewable resources [9]. 

Technology  Off-grid (MW) On-grid (MW) Total (MW) 

Solar  291.12 47.53 338.65 

Wind  2 0.90 2.90 

Hydro  - 230 230 

Biogas to electricity 0.68 - 0.68 

Biomass to 

electricity 

 

0.40 - 0.40 

Total  294.20 278.43 572.63 
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1.3.2 Solar energy 

 

Bangladesh geographically located in a suitable place for utilizing solar energy, and solar 

radiation can be used the year around. Daily average solar radiation is around 4 to 6.5 kWh/m2 

[5]. There are many technologies available that are used for generating electricity from solar 

radiation such as CSP, PV cells, SHS etc. Among all of them, Solar PV is one of the popular 

technologies in both urban and remote areas in the country. Solar home systems are highly 

decentralized and particularly suitable for the village side. There are many governmental and 

nongovernmental organizations which promote and support people to install solar panels for 

harvesting solar energy, such as BPDB, IDCOL, Grameen Shakti and so on. The government 

has already introduced ́ ´500 MW solar power mission´´ to promote the use of renewable energy 

resources in the country [7]. The relationship between government and private initiatives 

promoting renewable technologies are accounted for in table 1:2. 

 

Table 1:2 Initiatives from both public and private sectors to generate energy from renewable 

resources [10]. 

Renewable resources Potential  Stake-holders 

Solar  Enormous Public and private sector 

Wind  Resource mapping required Public and private public 

partnership 

Hydro  Limited potential in micro or 

mini hydro (5 MW); estimate 

potential is about 500 MW 

Public sector 

Domestic biogas system Around 8.6 million cubic-

meter 

Both public and private 

sector 

Rice husk-based biomass 

gasification power plants 

300 MW considering 2 kg of 

husk consumption per kWh 

Private sector 

Cattle waste based biogas 

power plants 

350 MW considering 0.752 

m3 of biogas consumption 

per kWh 

Private sector 

 

1.3.3 Wind energy 

 

The potentiality of wind energy has not so far fully explored in Bangladesh due to lack of 

reliable wind speed. Wind power project is suitable in some windy locations, e.g. coastal areas, 

off-shore islands, river sides. The country has a 724 km long coastline and many small islands 

in the Bay of Bengal. A seasonal variation in wind speed prevails in the country, with a strong 

potential from April to September and very weak potential during the rest of the year. Recently, 

different studies have been undertaken to assess the wind energy resource of the country [11]. 

The results of these studies demonstrate that it is feasible to install wind turbine in small scale 

in the coastline. 

 

To generate electricity using wind energy, BPDB installed 900 kW capacity grid-connected 

wind plant at Muhuri dam area in Feni, which consist of 4 turbine each of 225 kW. In Kutubdia 

island another project of 1 MW wind-battery hybrid power plant was built, where 50 wind 

turbines installed, and the installed capacity of each turbine here is 25 kW [7]. 
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1.3.4 Hydropower 

 

Hydropower is another important renewable resource in Bangladesh. According to the 

Sustainable and Renewable Energy Development Authority of Bangladesh, there is a 230 MW 

hydroelectric power plant which is located at Kaptai in the south-east region of the country [9]. 

In addition, the country has two potential sites for constructing two medium size new hydro- 

power plants across the rivers Matamuhuri and Sangu in the same region. 

There is little chance of geothermal power and further research and development would be 

needed to exploit wave or tidal power. In general, tidal power could be a great source of 

renewable energy, which can be established in the coastal areas of the country. 

 

1.4 Aim and objective 
 

 

The aim of this study is to make a feasibility analysis for the design of a Biogas-photovoltaic 

hybrid system. This study will explore the possibilities for systems that can generate electricity 

in vicinity to urban areas in Bangladesh. Following possibilities could be gained from this 

study. 

• demonstrate the biomass and solar energy potentials and proper utilization of those 

renewable resources in the selected area. 

• using HOMER pro software, a feasible design of a Biogas-PV hybrid system for 

electricity generation which could be distributed in a community near the selected 

location. 

• examine the levelized cost of energy, net present cost and maintenance cost of the 

proposed HRES system. 

• make an analysis of pros and cons for installing large-scale hybrid renewable energy 

system in Bangladesh. 

The objective is to decrease the use of fossil fuels and the connected CO2 emissions while 

increasing the use of sustainable energy and contribute to energy independence. 

 

There are limitations for this study. This is a theoretical study based on calculations using 
empirical data gathered from literature and databases, and practical experiments will not be 
performed except for managing the HOMER software. 

 

 

 

 



8 
 

2. Methodology and theory 

 

2.1 Method 
 

In this study HOMER Pro software will be used for designing the desired HRES system 

including biogas electric generator and solar photovoltaics. The fundamental data will be 

accumulated from selected area. A study will show the potential for the generation of 

electricity from hybrid system in vicinity to urban areas in Bangladesh. HOMER software is 

used for calculating all possible solutions based on available resources and demonstrate the 

optimal results. 

A literature review was made to acquire the necessary information for this thesis. The present 

energy scenario, energy crisis and prospects of renewable energy in Bangladesh is analyzed 

initially. Furthermore, a feasible location for a system design of hybrid power generation, with 

available biomass and solar resources, was identified.  

Assessment of biomass and solar resources are collected from Sustainable and Renewable 

Energy Development Authority of Bangladesh (SREDA), NASA Surface meteorology and 

Solar Energy database. The data of biomass resources are assumed as an approximate value 

because the exact data is not available. The load profile for a community near selected location 

is also assumed. 

 

2.1.1 HOMER Pro software 

 

The HOMER (Hybrid Optimization of Multiple Electric Renewables) is a microgrid software, 

which navigates the difficulties of building cost effective microgrid system design for both off- 

grid and grid-connected mode. 

It is a computer simulation software which is developed by National Renewable Energy 

Laboratory in the United States. Different types of renewable resources and components are 

used to design the system. Three primary activities of this software are [12]- 

• simulation 

• optimization and 

• sensitivity analysis 

 

Through the simulation process this software determines the lifecycle cost and the feasibility 

of the designed power system. HOMER can simulate different power configurations such as- 

combination of PV array, generators, wind turbines, run-off-river hydro turbines, battery banks 

etc. with off grid and grid connected system that can serve electrical loads and thermal loads 

[19]. In optimization process, the most cost-effective way to meet the electric demand can be 

determined. HOMER also has an option to do sensitivity analysis which assess the effect of 

uncertainty or changes in the variables and repeats the optimization process for each sensitivity 

variable [13]. 

 

Different technical configurations, variation in components and fuel costs, availability of 

resources make it difficult to select most efficient and feasible system, but the optimization and 

sensitivity analysis algorithms of HOMER make it easier to find and evaluate the best possible 
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system configuration. Depending on components size (e.g., generator size, PV panel size, wind 

turbine size etc.) the simulation results also varies significantly [13]. 

 

2.1.2 Nature of the selected area 

 

Site selection is an important issue for installing any power generation plant. It is dependent on 

many factors like the availability of raw materials, transportation, environmental safety, 

produced heat or electricity transportation after generation. Selection of places is essential so 

that the environment or living spaces do not face any problems from the energy generation. In 

this work, it is observed to design expected plants nearby the major city corporations. The area 

could be set in an area like Gazipur as an example close to the Dhaka city within 30 km range. 

The capital city is considered here, and the same rules can be applied near to all other major 

city corporations. 

The latitude and longitude of Gazipur district is 23.99 ̊ N and 90.42 ̊ E. As a place close to 

Dhaka city, the municipal solid waste generated by the capital city and from Gazipur city could 

be utilize here. In addition, there are many poultry and cattle farms available in nearby areas. 

Poultry wastes and manure from cattle farms also usage as biomass resources. The average 

solar radiation of this city is also suitable for installing Photovoltaic system. The following 

figure shows the solar resource map for Bangladesh [14]. 

 

 

Figure 2:1 Global horizontal irradiation in Bangladesh [14]. 
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2.1.3 Hybrid system 

 

Energy sources such as sun, biomass, wind, ocean, geothermal etc. are cost effective and 

environment-friendly alternatives to conventional energy sources. The unavailability of such 

sustainable sources all around the year has led to exploration towards the area of hybrid 

renewable energy systems. HRES is a combined power generation unit between renewable and 

fossil energy sources or only with renewable energy sources. This hybrid system is still an 

emerging research area in the energy sector. Utilization of such renewable energy resources by 

using HRES would be a great solution to the future energy crisis in the world. The efficiency 

of HRES system is much higher than a single power source. Because this system utilizes two 

or more renewable resources and store energy in a backup energy storage system to meet the 

load demand at any time [15]. 

 

2.2 Biogas technology 

 

Biogas is a combustible mixture of gases which consists mainly of methane (CH4) and carbon 

dioxide (CO2). Biogas is produced by the breakdown of organic matter in the anaerobic 

bacterial decomposition process. Anaerobic digestion is an indigenous to natural ecosystems 

which represent the microbiological conversion of organic matter to CH4 or CO2 in the absence 

of oxygen (O2). Table 2:1 shows the different components of biogas. 
 

Table 2:1 Composition of biogas [16]. 

Gas  Percentage (%) 

CH4 55-70  

CO2 30-45  

Hydrogen sulphide (H2S) 

Hydrogen (H2) 

Ammonia (NH3) 

1-2  

Carbon monoxide (CO) trace 

Nitrogen (N2) trace 

O2 trace 

 

 

2.2.1 Digestion of organic waste 

 

Anaerobic digestion of municipal solid waste is a potential solution for waste treatment as well 

as secure energy supply in developing countries. Various techniques and measurements are 

currently applied to the proper treatment and management of municipal solid waste. Organic 

parts of the municipal solid waste could be digested under anaerobic co-digestion method 

effectively. This is also known as anaerobic co-fermentation process. This process is generally 

used for enhancing yields of anaerobic digestion of solid organic wastes because of its several 

advantages. For instance, alternation of toxic elements and increased load of biodegradable 

organic matter, the enhanced symmetry of nutrients, the synergistic effect of microorganisms 

and better biogas production are the dynamic benefits that are achieved in a co-fermentation 
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method [17]. Following figure shows a general block diagram of a biogas plant for organic 

waste treatment. 

 

Figure 2:2 General block diagram of a biogas plant for organic waste treatment using CHP 

[18]. 

 

2.2.2 Electricity generation from biogas 

 

Generally, biogas is utilized for heat generation from direct combustion, electricity generation 

by using fuel cells, micro-turbines, combustion engines and generators etc. or CHP generation. 

Biogas can also be used in vehicles as biomethane which is upgraded biogas. 

The calorific value of biogas is around 22 MJ/m3, which can generate 6 kWh of electricity. The 

efficiency of converting biogas to electricity is around 35-40 % of electricity, whereas heat 

generation is around 45-50% and others are mechanical losses. So, extractable heat from biogas 

to electricity generation plant could also be used for heating applications [12]. 

By using direct combustion process, biogas is burning in a burner for heat generation. The 

generated heat can either be utilized nearby, locally or transported by pipeline to the clients 

situated at long distances. 

Biogas could be converted directly into electricity by using a fuel cell, where a chemical 

reaction takes places to generate electricity. The essential working principle of an ordinary fuel 

cell is that biogas as fuel is consistently sustained to the anode terminal and oxygen from air as 

an oxidant is nourished continuously to the cathode terminal and thus reaction occurs resulting 

in electrical currents [12]. 

In micro-turbine systems, biogas is mixed with the compressed air at high pressure into a 

combustion reservoir. Inside the reservoir, the air biogas mixture is burned, which causes the 

increase of temperature and expansion of the gas mixture. The warm gases discharged through 

the turbine, which connected with the alternator for electricity generation.  
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2.3 Solar energy and photovoltaic systems 

The largest source of sustainable energy is the sun and every year around 10.8.1014 MWh solar 

energy reaches the earth surface which is approximately 10,000 times greater than global 

primary energy demand [1]. So, it is necessary to find proper technologies for utilize this 

abundant source of energy. There are several technologies developed to utilize direct sunlight 

such as, solar thermal power plants, photovoltaics systems, solar collectors for water heating, 

solar heating and cooling systems, photolysis systems for fuel production etc. 

 

2.3.1 Solar radiation 

 

The sun is the key source of renewable energy and the central point of the entire solar system. 

Solar radiation is the radiant energy which is diffused by the sun.  Nuclear fusion creates the 

radiant power of the sun and fusion reactions can take place continuously during sunshine. 

During fusion reactions four H2 nuclei (protons) fuse to form one He nucleus (alpha particle). 

The alpha particle consists of two neutrons and two protons. Besides, this reaction generates 

energy and creates two positrons e+ and two neutrons. The fusion reaction during sunshine is 

illustrated as follows [1]. 

41
1p → ⍺2

4  + 2e+ + 2ve + ΔE                                                                                                       (1)  

ΔE= Radiant flux from the sun: Φe,S= 3,8* 1026 W 

 

 

Figure 2:3 Fusion of four H2 nuclei to form one He nucleus (alpha particle) [1]. 

 

Some radiation is lost to the atmosphere due to reflections, absorptions, and scattering (rayleigh 

scattering – blue sky). 

 

2.3.2 Solar irradiance 

 

Solar irradiance is the rate of energy per unit area on a surface received from the sun. It is 

expressed as watt per square meter (W/m2). 

The global irradiance of horizontal surface according to Dr. Fredric Ottermo`s lecture: 

EG, hor – at best about 1000 W/m2 

Global annual irradiation, HG, hor= ∫year EG, hor dt                                                                                     (2) 
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2.3.3 Solar PV system 

 

Solar PV systems are designed to utilize sunlight directly into electricity by using solar panels, 

solar cells, solar inverters etc. The word photovoltaic is derived from the photo which means 

light and volta which is nothing but electrical voltage. In a solar panel, the cells are 

semiconductor devices that convert solar radiation into electrical energy. When sunlight is 

shining on the PV modules, it absorbs this radiation and generates electricity. 

 

2.3.4 Solar cells 

 

A solar cell is made by semiconductor materials, such as crystalline silicon, polycrystalline 

silicon, and amorphous silicon. A Solar cell has a unique structure like a diode. It creates a 

potential energy barrier within a semiconductor device. The incoming photon from sunlight 

absorbed in the depletion region which creates a hole in that region and electron-hole 

recombination occurs. So that a high flow of electron occurs which creates an electrical current 

[1]. Following figure demonstrate the internal mechanism of a solar cell. 
 

 

Figure 2:4 The solar cell-A diode (Dr. Fredric Ottermo`s lecture). 

 

Figure 2:5 shows an equivalent electrical circuit for a conventional p-n junction solar cells, 

where Iph stands for constant current source, Rs is a series resistance to express the voltage drop 

when current is flowing and Rsh is shunt resistance, which describes the leakage currents at the 

cell edges. 
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Figure 2:5 Simple equivalent circuit (one diode model) for a conventional p-n junction solar 

cell [19]. 

 

2.3.5 PV module and array  

 

Photovoltaic power system uses PV panels comprising an array of cells which are connected 

in parallel or in series in a PV module. The cells are made up of semiconductor materials. 

Many cells are connected in series connection because of achieving higher voltage output and 

in parallel connection for getting higher current as possible [20]. 
 

 

Figure 2:6 An array of cells is connected in series in a PV module. 

 

If a cell is shaded in a PV module then the power output of whole module could be affected, 

because too much current is flowing over the shaded cell where negative voltage found over 

the cell. The amount of losses due to shading could be mitigate by using bypass diodes. 
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3. Design and optimization of Biogas-PV hybrid system 

 

3.1 Design and modelling of biogas-PV hybrid system 

 

In this study, a biogas fueled electric generator is used to design the HRES. Biogas is used to 

operate the combustion engine, which is derived from available biomass resources. The 

existing chemical energy of biogas converted to mechanical energy by using combustion 

engines, which is driving an electrical generator to produce electricity. Solar PV panels are 

also used as renewable resources. The converter is used to converting DC current to AC current 

and battery is used for energy storing purpose. As an AC coupled hybrid system, the system 

can be extended to the grid if needed. A general illustration of this system from HOMER Pro 

software is shown in figure 3:1. 
 

 

Figure 3:1 A simple illustration of a biogas-PV hybrid system with battery storage system, 

taken from the HOMER software. 

 

3.1.1 Load profile 

 

In this study, an average daily load of 170 kWh/day for a community in Gazipur district is 

assumed, where peak load demand occurs during July. Generally, daily electricity consumption 

rate in Bangladesh is higher in the evening time for residential usage. The load profile menu 

in HOMER software demonstrates the hourly electricity consumption in a day and further in 

a month. A primary load is defined as an electric demand that must be operable according to 

a certain schedule, which can model anything that uses electricity [12]. In every time step, 

HOMER dispatches the power generating equipment’s of the system to serve the total assumed 

primary load [13].  Figure 3:2 shows the assumed load profile for the selected community. 
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Figure 3:2 Load profile as an estimation from HOMER. 

 

3.1.2 Biogas electric generator 

  

A combustion engine generator for biogas is a kind of device which consumes biogas from 

biomass fuels for generating electric energy. It generates electricity and heat at a very low 

efficiency due to the low heating value of biogas [12]. Generally, electric generators are 

available of all sizes. In this study a 40-kW generator is used for the proposed system. During 

simulation process, HOMER can consider the system both with and without generator. It is 

better to select the smallest size generator to serve the peak load, because small sized generators 

typically operate with lower cost than larger ones [13]. 

As biomass is available in the selected region, fuel cost is considered zero here. The total cost 

of installation of generator is set to €40800 capital cost, €28500 replacement cost, operational 

and maintenance cost €0.050/hour. The major aim of this generator is to generate electricity to 

fulfil the peak demand both in summer and winter season as required [21]. The details of 

generator inputs are showed in figure 3:3. 
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Figure 3:3 Generaor modelling in HOMER. 

 

3.1.3 Solar PV panels 

 

Solar PV panels are used with biogas electric generator for hybrid power system configuration. 

Utilization of abundant sun light with proper technologies like photovoltaic systems are 

important in energy generation scenarios for the future. The price of PV panels has been reduced 

significantly during the last few years and it will continue its downslope for the future. Besides, 

the maintenance cost is also very low for photovoltaic panels compared to generators and the 

replacement cost is often equal or slightly less than the capital cost [12]. 

Generic flat plate PV panels is used in this study. The rated capacity of photovoltaic system is 

80 kW and the capital cost are set to €63500 for the whole system whereas the replacement cost 

is €56000. Figure 3:4 shows the cost estimation, lifetime years and derating factor of the PV 

system. 

 

 

 

 

 

 



18 
 

 

Figure 3:4 PV array modelling in HOMER. 

 

3.1.4 Battery storage system 

 

Batteries are used to store energy in this power generation system which can store energy 

depending on its capacity. Battery stores excess energy produced by PV panels. There are 

various types of battery available, among them generic lead-acid type batteries are selected 

here. Generic lead-acid type battery is an example of kinetic storage model. The technical 

characteristics and cost of this batteries are as follows. 

 

Table 3:1 Technical and economic characteristics of batteries. 

Parameter  value 

Nominal voltage 12 V 

Nominal capacity 1 kWh 

Maximum capacity 83.4 Ah 

Round trip efficiency 80% 

Quantity  20 

Capital cost €3000 

Replacement cost €2600 

Operation and maintenance cost €10/year  
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3.1.5 Converter 

 

Any electrical system that comprise both AC and DC equipment needs to have converter. It 

converts DC current into AC current which is generated by PV panels and stored in batteries, 

because most of the home appliances use AC electricity. For opposite operation such as AC to 

DC conversion bidirectional converter is used which is called rectifier. The inverter and 

rectifier efficiencies for this study are assumed 95% and 90% respectively. The rated capacity 

and cost estimation of the converter are as follows. 

 

Table 3:2 Converter size and cost estimation. 

Parameter  Value  

Capacity  80 kW 

Capital cost €8000 

Replacement cost €8000 

Operation and maintenance cost €20/year 

Life time  15 years 

  

3.2 Biomass resource assessment 

There is different source of biomass available in the selected site, and the major biomass are 

municipal solid waste which is generated by the nearby cities. The average daily solid waste 

generation by the Dhaka city is around 6000 tons which is much. Besides, in Gazipur district 

there are many cattle and poultry farms available and manure from these farms could also be 

utilized. So, adequate biogas generation could be possible from these reachable biomass 

resources. For this study it is assumed that the average daily biomass is around 100 tons which 

is available in the selected site. 

Biomass energy assessment including fuel price, carbon content, gasification ratio and lower 

heating vale of biogas are showed in figure 3:5. 

 

 

Figure 3:5 Monthly available biomass resources. 
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3.3 Solar resource assessment 
 

Bangladesh has a huge prospect in solar energy generation and utilization over the year, where 

the daily average solar radiation is around 4 to 6.5 kWh/m2 [5]. The assessment of solar 
radiation which is used for this simulation are obtained from NASA satellite surface 
meteorology and solar energy database. 
 

Daily average solar radiation in the selected location was found 4.65 kWh/m2. Monthly average 
solar radiation data and the average clearness index in the chosen site is given below. 

 

 

Figure 3:6 Monthly average solar radiation at the selected location. 

 

Clearness index is a measure of the clearness of the atmosphere which is a fraction of the 

incident solar radiation that is transmitted through the atmosphere to hit the earth surface. The 

clearness index has a high value under good sunny conditions and low value under cloudy 

conditions. 
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4. Results and conclusions  

 

4.1 Results analysis 
 

The simulation of proposed biogas-PV hybrid system shows various results which is optimized 

using HOMER. Simulation and optimization results are demonstrated in the following sections. 

 

4.1.1 Simulation 

 

HOMER simulates a system by using energy balance calculations depending on energy demand 

and supply in each hourly time step of the year [20]. For each time step, the software compares 

the energy demand and supply and calculates the flow of energy for every system configuration. 

HOMER performs these energy balance calculations for each system configuration and 

determines whether a system configuration is feasible or not and repeats the optimization results 

for different sensitivity variables. 

 

4.1.2 Optimization 

 

The optimization results show the optimal hybrid system design based on the lowest net 

present cost (NPC) or lowest cost of energy (COE) with the ability to supply electricity without 

any deficit by utilizing available renewable energy resources [12]. 

The optimization results display all the feasible solutions for the selected sensitivity case which 

can be displayed either categorized or in overall form. In overall optimization results it shows 

top ranked system configuration according to total NPC. The categorized result table shows the 

least-cost system including both NPC and COE. The following figure shows the categorized 

optimization results for the optimal hybrid system configuration. 

 

 

Figure 4:1 Categorized optimization results from HOMER. 

 

The annual power generation by the proposed biogas-PV hybrid system is 87,991 kWh where 

photovoltaic system produces 51.8% and biogas generator produce 48.2% of the total power. 
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Figure 4:2 demonstrate the monthly average electricity generation scenario, total NPC, 

levelized COE and operating cost of the desired hybrid system from HOMER software. 

 

 

Figure 4:2 Monthly average electricity generation by the biogas-PV hbrid system.  

 

4.1.3 Pros and cons analysis 

 

Optimization results shows the total net present cost of the proposed system is €155,073.30 

with an operating cost of €4297.91 which gives energy price is €0.1435/kWh. In comparison 

with current electricity price in Bangladesh this energy price is quite more. Present electricity 

prices in Bangladesh varies depending on electricity consumption range. 

 

Table 4:1 Present electricity price scenario in Bangladesh [22]. 

Electricity consumption range (kWh) Price (€/kWh) 

0-50 0.038 

0-75 0.044 

76-200 0.060 

201-300 0.063 

301-400 0.067 

401-600 0.103 

Above 600 0.119 

• (1 euro = 90 Bangladeshi taka) 
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From table 4:1 it shows that this HRES system is not cost-effective compare to conventional 

power generation units in Bangladesh. The primary energy resources for conventional power 

generation plants is limited in amount and the country needs to import some fossil fuels like 

crude oil, coal etc. from other countries. The price of electricity also rising significantly, and 

it will continue its cumulative trends. So, implementation of HRES system in large scale will 

be a tangible alternative for conventional power plants in future. Hybrid renewable energy 

system is still new and an emerging energy generation system in Bangladesh. There are several 

HRES systems existing in remote areas, which operate as small-scale energy generating units 

for single or multiple houses. 

On the other hand, this type of renewable power generation plant has no negative impact on 

environment and it has good prospects for the future. The greenhouse gas emissions to the 

environment by such energy generation plant is very low and the scenario of annual emissions 

by proposed HRES system is showed in table 4:2. 

 

Table 4:2 Emissions scenario of proposed HRES system from HOMER. 
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4.2 Conclusions 

 

The world is moving towards renewable energy sources for generating electricity to mitigate 

future energy crisis as well as reducing burning of fossil fuels to save the earth from its 

detrimental effect. The prospects of renewable energy already demonstrate in developed 

countries and this energy sector is growing significantly all around the world. 

As a developing country Bangladesh facing a power shortage over the decades and needs to 

generate more power to meet the socio-economic, technological and industrial development 

of the country. The current power generation sector is almost entirely dependent on natural 

gases which is limited as national reserves and seems to last no more than 15-20 years [23]. 

So, renewable energy sources can play a vital role to enhance energy generation sector in 

future and to meet the growing energy demand of the country. 

The country has good prospects for a renewable energy sector as the availability of renewable 

sources are very good and mainly consists of solar radiation and biomass. This thesis has 

presented a design for a biogas-PV hybrid system for electricity generation. The calculations were 

made by using HOMER software. A location for the system was chosen near Dhaka city where 

solar radiation and biomass resources are available. One conclusion is that this design could be 

used in all Bangladesh locations near major cities. 

Another conclusion is that HOMER works for a row of general calculations, but the illustrations 

in the HOMER software and the icons within are too simple, give you no options, and should 

preferably not be used as illustrations for more detailed studies. 

COE, the cost of energy was found to be €0.1435/kWh which is equal to 12.9 BDT/kWh (1 

euro = 90 BDT) for this proposed hybrid system from HOMER software. It is a little too high 

compared with current electricity price in Bangladesh, but the environmental gain is high so a 

third conclusion after making the literature review, is that with the forecasted increasing 

electricity prices this design will be in favour for the future. 
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