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ABSTRACT: Lack of access to electricity is one of the major impediments to the economic growth and 

development for any developing country. As well as limited reserve of conventional fuel and geo-location of 

Bangladesh arise the demand to find an effective alternative energy source for rural electrification. This 

document approaches a poultry-home based power generation model for rural Bangladesh and diagnosis its 

feasibility through HOMER, a micro power modelling and optimization software. The introduction on 

renewable energy and its importance is followed by present energy state in Bangladesh and prospect of biogas 

electrification technology, specially focused on poultry litter base system. Theoretical foundations on formation 

of biogas and electricity generation process are also presented. Main objective of the study is to diminish 

energy scarcity and connect rural people with the country’s development through electrification 
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I. INTRODUCTION 

Renewable energy comes from natural resources such as sunlight, wind, rain, tides, and geothermal heat, 

which are renewable (naturally replenished) [1].Mainstream forms of renewable energy: Wind power, Hydro 

power, Solar energy, Biomass, Biogas, Geothermal energy. Electric energy security is essential, yet the high 

cost and limited sources of fossil fuels, in addition to the need to reduce greenhouse gasses emission, have made 

renewable resources attractive in world energy-based economies [2]. 

 

Biogas technology, the generation of a combustible gas from anaerobic digestion, is a well-known 

technology [3]. But producing electricity from biogas is still relatively rare in most developing countries. 

 

To meet the ever-increasing demand of energy, renewable energy can open up new possibilities in 

developing countries [4]-[5]. Renewable energy resource biogas can be used for off-grid electricity generation 

as well as it can be added with grid electricity. Due to the abundance of raw materials it is effective for rural 

electrification in Bangladesh. First part of the paper discusses about biogas related attributes. Afterwards biogas 

prospect for Bangladesh specially potential of poultry based biogas and bio-electrification technology are 

perused. This paper aims to propose an off-grid power plant for only home and farm uses in rural Bangladesh 

using poultry litter as biogas resource. Furthermore HOMER simulated results are disclosed to study economic 

feasibility of the proposed model. 

 
 

II. BIOGAS 

Biogas is a flammable gas that accrues from the fermentation of biomass in biogas plants. Biogas can 

be produced utilizing anaerobic digesters. These plants can be fed with energy crops such as maize silage or 

biodegradable wastes including sewage sludge and food waste [6]. 

 

 
 

http://en.wikipedia.org/wiki/Natural_resource
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Rain
http://en.wikipedia.org/wiki/Tidal_energy
http://en.wikipedia.org/wiki/Geothermal_energy
http://en.wikipedia.org/wiki/Renewable_resource
http://en.wikipedia.org/wiki/Biodegradable_waste
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2.1 Biogas Composition  

     

Table -1: Biogas Composition [7] 

 

 

 

 

 

2.2 Biological and Chemical Stages 

The overall process can be described by the chemical reaction, where organic material such as glucose 

is biochemically digested into carbon dioxide (CO2) and methane (CH4) by the anaerobic microorganisms [8]. 

C6H12O6 → 3CO2 + 3CH4  
 

There are four key biological and chemical stages of anaerobic digestion [9]: 

   Hydrolysis 

   Acidogenesis 

   Acetogenesis 

   Methanogenesis 
 

Depending on temperature, there are two key processes [9]:  

 Mesophilic digestion (between 20°C and 40°C). 

 Thermophilic digestion(above  40°C)   
 

Types of biogas plants [10] 

 Floating cover digester 

  Fixed cover digester 

 The Balloon or Plastic Cover digester: 

 Fiber glass biogas plant 

 

III. PRESENT ENERGY STATE OF BANGLADESH 

 Natural Gas is used as main fuel for electricity generation in Bangladesh. Alarming issue is that, the 

country's gas reserves stand at 14.16 trillion cubic feet (tcf) as of June 2015 and 12.96 bcf (billion cubic feet) 

gases was extracted until May, 2015. If the current rate of extraction remains unchanged, the reserve would last 

until 2031[11]. 

Table -2: Installed capacity of BPDB power plants on December 2015[12] 
 

Fuel Type Capacity(Unit) Total (%) 

Coal 250.00 MW 2.14 % 

Gas 7434.00 MW 62.59 % 

HFO 2507.00 MW 21.11 % 

HSD 956.00 MW 8.05 % 

Hydro 230.00 MW 1.94 % 

Imported 500.00 MW 4.21 % 

Total 11877.00 MW 100 % 

 On the top of that, country provides electricity to only 74% of its population and maximum people in 

rural areas are living without electricity. Under this circumstance biogas based technology could be found 

effective for country‟s development [13]. 

Table -3:  Bangladesh’s power sector at a glance (June 2015) [14] 

 
Generation Capacity    : 11,534 MW* (June, 2015) 

Highest Generation      : 8,177 MW (13 August, 2015) 

Total Consumers          : 17.5 Million (June, 2015) 

   Transmission Line        : 9,695 ckt. km 

Distribution Line           : 3,26,000 km 

Distribution Loss           : 11.36% 

   Per Capita Generation  : 371 KWh 

   Access to Electricity      : 74% 

Typical Composition of Biogas 

Compound Chemical Properties % 

Methane CH4 50-75 

Carbon dioxide CO2 25-50 

Nitrogen N2 0-10 

Hydrogen H2 0-1 

Hydrogen sulphide H2S 0-3 

Oxygen O2 0-0 

http://en.wikipedia.org/wiki/Hydrolysis
http://en.wikipedia.org/wiki/Acetogenesis
http://en.wikipedia.org/wiki/Methanogenesis
http://en.wikipedia.org/wiki/Mesophilic
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IV. BIOGAS  PROSPECT IN BANGLADESH 

Biogas  mainly  from  animal  and  MSW (municipal solid waste) may  be  one  of  the  promising  

renewable  energy  resources  for Bangladesh.  MSW  contains  an  easily  biodegradable  organic  fraction  

(OF)  of  up  to  40%.  It  is  a potential  source  to  harness  basic  biogas  technology  for  cooking,  rural  and  

urban  electrification to provide electricity during periods of power shortfalls[15]-[17]. 
 

Table-4: Estimation of total biogas potential in Bangladesh [18] 
 

Cattle Dung  

 Total cattle population of Bangladesh = 23 million  

 Dung available = 230 million Kg/day  

 Gas that may be obtained = 3106 million m3(Mm3)/year  

 (1 kg of dung yields = 0.037 m3 gas, each cow yields = 10 Kg dung/day)  

Poultry Litter  

 Total poultry population (Chickens+ Ducks) of Bangladesh, (234+44) =278million  

 Total poultry litter that may be obtained = 27.8 million Kg/day  

 Gas that may be obtained = 750 Mm3/year  

 (1 kg litter yields = 0.074 m3 gas, each bird yields = 0.1 Kg litter/day)  

Human Excreta  

 Total human population of Bangladesh = 140 million  

 Excreta available = 56 million Kg/day  

 Gas that may be obtained = 1512 Mm3/year  

 (1 kg excreta yields = 0.074 m3 gas, Excreta per person = 0.4 Kg per day)  

Therefore total biogas potential in the country  

= 53Mm3/year. 

 

Effectively using this waste, per day approximately 20.5 MWh (mega watt hour) electricity could be 

generated, which may play a significant role in country‟s energy situation. 

 

4.1 Prospect of  Poultry Based Biogas 

Poultry is an emerging and important sector that has been contributing progressively to our economy 

for the past decade [19]-[22]. It is one of the fastest growing and most promising industries with the brightest of 

futures for our country.  

Along with this, the calorific value of poultry waste is higher than that of cow manure [23]. From 

“Poultry Business Directory 2015” we find the statistics about poultry farms and number of different types of 

poultry birds. 

Table 5.  Number of poultry farms in Bangladesh 

(Poultry Business Directory 2015) [24] 

 
No of poultry farms 

Grandparent farms 5 

Parent stock farms 32 

Commercial  farms 50,000 

Total (approx.) 50,037 
 

Table 6.  Number of Different Types of Poultry Birds& their wastes [24] 

Total number of poultry birds 

Bird Type Year 2014 

Broiler 8094784 

PS Layer 391580 

PS Commercial Broiler 502852360 

Commercial Layer 20157000 

Cock real 20157000 

Total (approx.) 550 million  

Waste (approx.) -55million kg/day 
 

 Per kg poultry waste may produce 22.5 cft gases as well as if the total poultry waste is used effectively, 

it may produce approximately 5500 Mwatt electricity which can be used to brighten rural life of Bangladesh with 

the light of progress. 

Bangladesh has now around 75,000 biogas projects built under the Infrastructure Development Company 

Limited (IDCOL), the Bangladesh Centre for Science and Industrial Research (BCSIR) and the Department of 

Youth Development (DYD) [25]. 
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V. PROPOSED MODEL 

Proposed model is an off-grid power plant for only home and farm uses using poultry litter. 
Model has three distinct outputs- 

 electricity,  

 cooking gas and 

 fertilizer for agriculture 

Digester Purify gas

Slurry used 

as fertilizer

Electricity

Cooking 

Gas

 
Figure 1: Outputs of Proposed model 

 

Off-grid can be stand-alone power system or mini-grids that desire to provide a smaller community 

with electricity. Off-grid electrification is an approach to access electricity used in countries and areas with little 

access to electricity, due to scattered or distant population.  

Proposed system is designed to function without the support of remote infrastructure, having 2 

generators, each of them has distinct eight working hours. So the off-grid power plant will serve for 16 hours in 

a day. Generator1 serves only poultry farm demands for 8 a.m. to 4 p.m. whereas generator2 servers 5 families 

with 5 lights and 5fans according to user demands, as well as also meet up farm demands for 6 p.m. to 2 a.m. 

This model proposes co-generation of electricity along with cooking gas for 5 families and slurry of the 

digester can be used as fertilizer for agriculture.  
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(b) 

 
Figure 2: Proposed model (a) electricity distribution (b) gas distribution for cooking purpose 

 

5.1 Methodology for Electricity Generation : 
Poultry waste should used as the raw material of biogas digester. Output gas of the digester contains H2S 

and moisture components and needs to be purified through H2S and moisture removal unit. Output of the 

moisture removal unit should feed as fuel for combustion engines, which convert it to mechanical energy, 

powering an electric generator to produce electricity and supply it to desired load. 

https://en.wikipedia.org/wiki/Stand-alone_power_system
https://en.wikipedia.org/w/index.php?title=Mini-grid&action=edit&redlink=1
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Generator produced heat can be utilized by using it for digester and moisture removal unit [26]-[28]. Also 

Slurry of the digester can be used as fertilizer, which has two benefits. Thus the overall system acts as an eco 

friendly system by keeping environment clean [29]. 

Moisture 

removal unit

H2S removal 

unit

Biogas plant

Poultry Farm

Generator

Heat

 Exchange

Compressor

Exhaust 

gas

Fresh air

Electricity

Droppings

Biogas

H2S free 

Moisture & 

H2S free 

biogas

Hot air

Exhaust 

gas

Household uses

 

Figure 3: Electricity Generation process 

5.2 Control Circuit: 

The normal speed of an electric power generator is maintained by a control system that balances the 

demand on the generator and the steam supplied to the generator, in reference to the power system frequency. In 

the event when the load voltage fluctuated from the desired value, the control system is designed to 

simultaneously recover the load voltage to get the desired controlled output from the generator. 

Digester produced gas is used as fuel of the DC gas generator. Generated emf of the generator can vary 

with different changing parameters of prime mover [30]. 

Generated emf, 
A

ZNP
Eg .

60


  

N =  rotational speed of armature in revolutions per min. (rpm) 

1

2

2

1

2

1

.
N

N

Eg

Eg

I

I
  

 Along with changing generated emf, terminal voltage of the generator may also be changed, 

Fluctuation of gas and voltage are harmful for connected loads. Thus we need to keep the terminal voltage fixed 

at a desired level. 

Digester Gas supplied 

through pipeline

 DC  generator
Armature 

coil

Load

Inverter

DC 

Load

DC-DC 

converter(Buck 

Converter)

Field coil

Gate pulse 

providing circuit for 
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Figure 4: Overall Power generation process 
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DC-DC converter is a suitable solution to protect the loads from over voltage. Output of the converter 

can be dominated by controlling duty cycle of the gate pulse of switching device.  Output of the converter should 

connect with the field coil and load should connect with the armature coil. For AC load armature coil output 

should pass through an inverter before connecting it with load. 

Field 
coil

RL=Load

Eg

ILIf

Rf=field 

resistance

IA

DC-DC 

Converter

 
Figure 5:  Electrical model of Power generation process 

 

5.3 Estimation  

 

Table-7: Estimation of the proposed Model 
 

Total Birds 

4000pcs 

Breader 

1000pcs 

Feeder 

3000pcs 

Droppings (1000 X 
245g)≈245kg(per 

day) 

(3000 X 
98g)≈294kg(per 

day) 

Total Biogas Resource: (245+294)kg 
=539kg 

≈530 kg 

Produced Gas:  530kg x 2.5 cft 

=1347.5 cft 
≈ 1300cft 

Cooking Gas= (5 x 80cft) 

            =400cft 

Electricity = (1Kwh x900cft)/22.5 cft 
=40kwh 

≈38kwh 

 

Estimation is done considering the farm has 4000 birds. Average amount of poultry droppings are used 

for calculating biogas. Amount of gas required per kWh electricity = 0.71 m 3 or 25cft (Considering 35% 

machine efficiency and30% carbon content) [23]. 

5.4   By products of the Model 

 Cooking facility 

 After purification of the gas, it can also serve cooking purpose. As we all know Bangladesh is facing a 

gas shortage problem. So rest of the gas that contains methane can be used for household purpose.  

 Fertilizer 

Bio-slurry may be considered as a good quality organic fertilizer in Bangladesh agriculture. Analysis of 

representative cow dung and poultry litter slurry samples from biogas plants made at the Bangladesh Agricultural 

Research Institute (BARI) and Dhaka University (DU) has shown that slurry contains a considerable amount of 

both macro and micro nutrients besides appreciable quantities of organic matter. Toxic heavy metal concentration 

in them is minimal [31]. 

Bio-slurry organic fertilizer is environmental friendly, has no toxic or harmful effects and can easily 

reduce the use of chemical fertilizers up to 50%. Nutrients from organic sources are more efficient than those 

from chemical sources. 

Table 8. Comparison of Biogas Fertilizer with Chemical Fertilizer 

Name Production with chemical fertilizer[ ton/hector] Production with biogas fertilizer [ton/hector] percentage 

Husk 8.28 9.02 8.93 

Corn 7.00 9.5 35.7 

Tula 3.13 3.97 26.8 

vegetable less much - 
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VI. HOMER ANALYSIS TO STUDY FEASIBILITY OF PROPOSED MODEL 

Hybrid Optimization Model for Electric Renewable (HOMER) software is used to find out the final 

optimization and sensitive analysis [32]-[36] and to study the economical feasibility of the proposed model by 

comparing between diesel and biogas resources. 

6.1 Resouce inputs: 
 

 
(a) 

 
(b) 

Figure 6: Resource inputs (a) Diesel inputs (b) Poultry litter inputs 

 

6.2 Analysis for Generator1: 
 

 
Figure 7: System with biogas generator ,diesel generator and load(for 8 a.m to 4 p.m) 

 

 
 

Figure 8: Schedule of  generator1 

 

 
(a) 

 
(b) 

Figure 9: (a) Cost curve of diesel generator1 (b) Efficiency curve of diesel generator1 
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(a) 

 
(b) 

 

Figure 10: (a) Cost curve of biogas generator1 (b) Efficiency curve of biogas generator1 

 

 
(a) 

 
(b) 

 

Figure 11: Load profile for generator 1 (a) Scaled data monthly average load profile (b) Scaled data daily load profile 

 
 

Figure 12: Optimization results of biogas generator and diesel generator 
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Figure 13: Cost comparison between biogas generator and diesel generator 

 

Figure 14: Sensitivity results of diesel generator1 Vs biogas generator1 (optimal system type) 
 

6.3 Analysis for Generator 2: 

 
Figure 15: System with biogas generator ,diesel generator and load(for 6 p.m to 2 a.m) 

 

 

 
Figure 16: Schedule of  generator2 
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(a) 

 
(b) 

 
Figure 17: (a) Cost curve of diesel generator2 (b) Efficiency curve of diesel generator2 

 

 
(a) 

 
(b) 

 
Figure 18: (a) Cost curve of biogas generator2 (b) Efficiency curve of biogas generator 

 

 
(a) 

 
(b) 

 

Figure 19: Load profile for generator2 (a) Scaled data daily load profile (b) Scaled data monthly average load profile 

 

 

Figure 20: Optimization results of biogas generator and diesel generator 
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Figure 21: Cost comparison between biogas generator and diesel generator 

 

Figure 22: Sensitivity results of diesel generator Vs biogas generator (optimal system type) 
 

6.4 Observation 

Assessment is carried out in the HOMER environment to observe the feasibility of proposed model for 

an off-grid home-farm system for rural Bangladesh. 

Fig-6 shows resource input parameters those are used for simulation. Analysis is done for two 

generators separately. For generator1, Fig- 9 & Fig-10 display cost curve and efficiency curve for diesel and gas 

generator respectively. Fig-17 and Fig-18 exhibit same parameters for generator 2. It is clearly observe in both 

cases that biogas generator provide much better efficiency than diesel generator. 

System overview, generator on-off schedule and load profiles for generator1 are shown in Fig-7, Fig-8 

and   Fig-11 accordingly. For generator 2, mentioned parameters are exposed in Fig-15, Fig-16 and Fig-19 

subsequently.  

Fig-13 and Fig-21 illustrates cost effective feature of biogas for both cases separately showing a huge 

difference between biogas and conventional fuel cost. 

The levelized COE (cost of energy) is the average cost per kWh of useful electrical energy produced by 

the system. HOMER uses the total net present cost (NPC) to represent the life-cycle cost of a system.  Costs 

may include capital costs, replacement costs, operating and maintenance costs, fuel costs, the cost of buying 

electricity from the grid, and miscellaneous costs such as penalties resulting from pollutant emissions. 

Optimization results of generator 1 and generator 2 are presented in Fig-12 and Fig-20 respectively. Both figures 

demonstrate that NPC and COE are much less for biogas based system compared to diesel based system. 

Optimization and sensitivity results of the proposed model clearly portrait the feasibility of poultry 

litter based bio-electrification technology. 
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VII. CONCLUDING REMARKS 
 Along with rest of the world, Bangladesh is also facing an accelerating crisis of the globally 

established fossil fuels, therefore immediate different breakthroughs for renewable energy is necessity to reach 

our electricity goal. Off-grid renewable energy systems are not only urgently needed to connect a vast number 

of people with a source of electricity, but are also most appropriate due to geographical constraints and costs for 

grid extension. In developed countries, minigrids are increasingly considered an option to improve energy 

security, power quality and reliability. In this document, an off-grid, poultry litter based power generation model 

is proposed and HOMER based assessment demonstrate the feasibility of the model for rural Bangladesh. 

Declining cost and increased performance of off-grid biogas based renewable energy systems are gradually 

rendering them more cost-competitive compared to alternatives. 
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