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Abstract 

Biogas can be an important alternative energy source for the sustainable development of the energy sector. To 

understand the performance of the family-size biodigester in Bangladesh, a household level survey on randomly 

selected 360 biodigester adopters was conducted. It is evident from the study that adoption of biodigester at the 

household level is economically and environmentally viable. Most of the biodigesters were constructed for single 

household and production of biogas was sufficient for cooking for single household. About 35% of biodigesters 

generated surplus gas from which they earned money by selling the surplus gas. About 91% of the biodigesters were 

feed with cow dung, one of the optimal biogases producing substrates, which has easy access in their own households. 

The factor analysis suggests that the most important factors to make biodigester economically viable are: capacity of 

biodigester, availability of substrates, amount of investment for biodigester, and economic benefits derived from 

biodigester.     
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1. Introduction  

In most developing countries, cooking is a dirty and time-consuming job that involves burning solid fuels to produce 

fire. Worldwide, approximately 3 billion people are burning solid fuels, including biomass, agricultural residues and 

charcoal, for their daily cooking (Venkata, Michael, Sumi, & Srilata, 2015). Solid wood fuels used for cooking and 

heating, represent approximately 55% of global wood harvest and 9% of primary energy (UN FAO, 2013; REN21 

Secretariat, 2013). However, about 50% of the wood fuel harvest is unsustainable (Bailis, Drigo, Ghilardi,& Masera, 

2015). Cooking over a 3-stone fire in a home is equivalent to burning 400 cigarettes in an hour that release toxic smoke 

and emissions which mostly affect women and children (EFC, 2012). A study by Global Health revealed that inefficient 

cook stoves to be the largest environmental threat (GEC, 2012). Worldwide about 70,000 people die per year because of 

household air pollution (IHME, 2017). Thus, cooking by solid fuels is a challenge as inefficient systems of cooking 

have a major impact on health, environment and economy (UN, 2015a). The overdependence on solid fuels as primary 

source of cooking fuel has led to global climate change, and environmental pollution, and thus leading to human health 

problems (Otun, Ojo, Ajibade, & Babatola, 2015). The continuous burning of solid fuels leads to long term health 

problems, largely among the women and children of the households. In addition to major contribution to climate change, 

environmental pollution and health, global depletion of solid fuels has led to the search for alternative sources of energy. 

Improvement of renewable and sustainable energy source is the best strategy to meet the country’s energy demand 

(Donald, 1998; Das, Sahoo, & Rana, 2018).  

Biogas is an alternative promising substitute to solid fuel and capable of replacing current energy supply and can only 

be considered as the best for meeting the demand and assurance of imminent energy in a sustainable manner (Corro, 

Paniagua, Pal, Banelos, & Rosas, 2013; Mel, Yong, Avicenna, Ihsan & Setyobudi, 2015). Biogas is assumed a green 

sustainable gas produced by the anaerobic digestion (AD) of organic agricultural waste, manure, municipal waste, plant 

materials, sewage, green waste or food waste. It can be produced from locally available raw materials and recycled 
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waste and is agreed environmentally friendly and neutralizing greenhouse effects and thus contributed climate change 

mitigation (Clements, Trimborn, Welland, & Amon, 2006; McCarl, 2010; Zahariev, Penkov, & Aladjadjiyan, 214; Das 

et al., 2018; Hosseinpour, Hosseini, Mehdipour, Hemmasi, & Ali, 2020). This process produces gases which contains 

roughly 50-70% methane (CH4), 30-40% carbon dioxide (CO2), and trace amounts of other gases (USDA, 2014). It has 

positive environmental impact due to the reduction of CO2 and CH4)-the cause of global warming (Uzodinma, Ofoefule, 

Eze, & Onwuka, 2007).   

Biogas energy is currently used in the developing world, especially in Asia to meet energy demand by low-income 

households and prevent the environmental and health effects of solid fuel use (Gautam, Baral, & Herat, 2009). It is an 

alternative choice for households that have access to sufficient organic feedstocks suitable for biogas production 

(IRENA, 2017). About 50 million biogas digesters have been installed to generate gas for cooking worldwide (Clemens, 

Bailis, Nyambane,. & Ndung’u, 2018). The majority of the biogas digesters are installed in Asia, particularly in China 

(Chen, Zhao, Ren, & Wang, 2012; Putti, Tsan, Mehta, & Kammila, 2015; Wang et al., 2016) and India (IRENA, 2017; 

Putti et al. 2015) Approximately, 300,000 biodigesters are installed in Nepal (Bajgain & Shakya, 2005, Saroj, 2012) and 

another 300,000 in Vietnam, Bangladesh, Cambodia, Indonesia, and Pakistan (IRENA, 2017; Clemens et al., 2018).  

Being a densely populated country having limited natural resources, Bangladesh has been severely suffering from the 

energy crisis since past few decades. Bangladesh is one of the fastest growing economies in the Southern-Asia, with 64% 

of the total population are living in rural areas (Suntrace, 2018). More than 90% of the rural people depend on biomass 

fuels to meet the energy needs for cooking, still only 62.4% of these people have access to electricity (Kabir, Palash, & 

Bauer, 2012; Rahman, Melville, Edwards, Fulford,. & Thwala, 2019). An uninterrupted energy supply is key to ensuring 

sustainable economic growth within a nation like Bangladesh, where recent economic growth has contributed to the 

public’s insatiable demand for energy (Hasan & Ammenberg, 2019). Households in Bangladesh rely heavily on solid 

biomass for cooking; large majorities use wood and dry cow dung as their primary cooking fuels (Samira, Parveen, 

Salam, & Azad, 2020). This is particularly true in rural areas, where over 82% of households report using biomass fuels 

as primary energy (WHO, 2016). The disadvantages of the biomass fuels are many: (i) they are inefficient energy 

carries and the heat release rate is difficult to control; (ii) they release harmful gases; and (iii) the current rate of 

extraction is unsustainable (Parawira, 2009). Moreover, regeneration limit of biomass fuels has already been beyond the 

population growth in Bangladesh (Goffar, 2007; Kabir et al., 2012). Fuels like LPG burned in advanced stoves emit less 

pollution than unprocessed wood or cow dung. But LPG is incredibly expensive and beyond the capacity for most of the 

rural households. Clean fuels like ethanol, advanced gasifier stoves, and solar stoves are almost absent. Due to dearth of 

fossil fuel reserve, the only way to minimize the supply-demand gaps in the energy sector is moving towards the 

alternative renewable energy sources. The programs of generating alternative energy resources with low carbon 

emission from both the government and the private investors are still on the early stages. But there have been some 

notable achievements as some rural people by their own efforts have started generation of biogas energy at household 

level. Thus, biogas can be a substitute of traditional solid fuels and can meet the rural energy demand in Bangladesh.   

If the supply of energy is not increased according to its demand, there would be serious adverse consequences on the 

nation’s economic development. As a result, nation would suffer from the assertion of energy security for future 

generation. The energy growth programs in a developing country like Bangladesh are heavily dependent on the 

sustaining relationship between energy consumption and economic growth, energy consumption and Human 

Development Index, biomass fuel consumption and economic growth and different energy sources providing world 

energy demand. A long-term effective, comprehensive and integrated energy policy should be formulated in order to 

ensure energy security over short, medium and long terms for the country. The policy should ensure tapping of all 

possible sources of energy, adequate supply and equitable access to renewable energy for all segments of the society. 

Due emphasis must be given on the usage of the renewable energy sources and extensive research and development 

programs should be conducted for the further development of renewable energy technologies.   

1.1 Statement of the Research Problem and Objectives 

Although there has been extensive academic research into the prospects and constraints of domestic biogas technology 

in the developing world (Van Nes & Nhete, 2007; Gautam et al., 2009; Greben & Oelofse, 2009, Parawira, 2009; Bond 

& Tepleton, 2011; Amigun, Parawira, Musango, Aboyade, & Badmos, 2012; Ghimire, 2013; Surendra, Takara, 

Hasimoto, & Khanal, 2014; Sunset, & Gerrit , 2017; Rahman, et al., 2019; Hasan & Ammenberg, 2019), very few 

research is available in the context of Bangladesh. Biogas programs in Bangladesh is still very limited. Most of the 

literature about biogas programs in Bangladesh discussed its potential and feasibility of biogas programs (Samira et al. 

2020; Nes, Boers, & Khurshed-Ul-Islam,2005; Nes, & Nhete, 2007; Kabir et al. 2012; Salma, Rahman, & Yousuf, 2014; 

Shahrul, Hassan, Mamun, & Malek, 2007). But evaluation of the performance of the existing biodigesters is essential to 

make the biogas program successful and sustainable. This study attempts to evaluate the performance of the existing 

biodigesters in Bangladesh. The 7th Sustainable Development Goal (SDG) includes the target of ensuring universal 
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access to affordable, reliable and modern energy services by 2030 (UN, 2015b). Another important challenge is the 

security of energy supply. To achieve these challenging goals, understanding the present status of affordable, reliable 

and clean energy that suit the economic and geographical conditions is needed. The objectives of this desktop study 

were to investigate the performance, the economic and environmental benefits associated with installation of 

biodigesters in Bangladesh.  

1.2 Data Collection and Methodology 

This study was based on cross-section data collected using four-stage cluster sampling. At the first stage, 20 districts 

from 64 districts of Bangladesh were selected randomly. At the second stage, one upazilla from each selected district 

were randomly selected. At the third stage, two unions from each selected upazilla were selected randomly yielding a 

total of 40 unions. As there is no sampling frame of biodigester adaptors and the biodigester adaptors are very limited in 

number, all the biodigester adaptors of the selected unions were detected using snowball sampling technique and 

interviewed by a structured questionnaire. A total of 360 biodigester adaptors were identified and each of selected 

adaptor was interviewed by a structured questionnaire. The survey was carried out in January 2017. The first digester 

was installed in 2006, but almost 98% of the biodigesters were installed before January 2015, so most adaptors 

possessed more than two years of experience in biodigester use. Statistical software, SPSS was used to analyzed the 

data. Various statistical tools, such as summary measures and factor analysis were carried out to meet the objectives of 

the study.  

2. Results and Discussion 

2.1 Background Characteristics of the Respondents  

Respondents’ background characteristics are associated with the adoption of biogas technologies in rural areas. Thus, 

this subsection summarizes background characteristics of the biodigester adaptors and is presented in Table 1. The 

tabulation of biodigester adaptors by religion indicates a majority were Muslim adherents (about 94%) and the rest were 

Hindu adherents. About 42% of the biodigester adaptors belonged to age below 40 years, about 32% of the biodigester 

adaptors were aged 40-49 years. Family size is an important stimulus for the adoption of biodigester because cost of 

cooking fuels for greater family size might be higher than for smaller family size. It is seen from the table that family 

size of about 53% of the biodigester adaptors were 5-6 and family size of about 19% of the biodigester adaptors were 

7-8.  Education is also an important catalyst for the adoption biodigester. More than 90% of the biodigester adaptors 

completed secondary or more level of education and about 23% of the biodigester adapters were completed graduate 

degrees. Occupation is also an important factor for adopting biodigester. It is seen from Table 4.1 that highest 

proportion (about 46%) of biodigester adaptors were businessmen, about 31% were farmers and about 20% were 

servicemen. Family income is also one of the most important factors for influencing people to adopt biogas digester. 

Table 4.2 shows that per month family income of about 16% of the biodigester adopters was more than BDT 40,000 and 

per month family income of about 61% of the biodigester adopters was more than BDT 20,000.  
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Table 1. Background characteristics of the biodigester adopters 

Characteristics  Percent   

Religion 

Muslim 94.3 

Hindu 5.7 

Age 

<30 16.0 

30-39 25.8 

40-49 32.0 

50-59 20.5 

≥60 5.8 

Family size 

≤4 23.8 

5-6 52.5 

7-8 19.3 

>8 4.5 

Education 

Primary 7.8 

Secondary 49.8 

Higher Secondary 19.5 

Graduate 18.5 

Post-graduate 4.5 

Occupation 

Agriculture 30.5 

Service 19.8 

Business  45.8 

Foreign Employment 1.8 

Others 2.3 

Per month family income (in BDT)* 

<5000 4.4 

5000-9999 5.0 

10000-19999 29.5 

20000-29999 30.5 

30000-39999 14.8 

40000-49999 4.8 

≥50000 11.0 

Number of adaptors  360 

                  * $1 = BDT 81.64 (as of 30 March 2020).  

2.2 Types of Biodigester 

Three types of domestic biodigester are popular in developing countries: (i) Chinese fixed dome, (ii) Indian floating 

drum and (iii) Taiwanese plastic tubular. These are small (5-10 m3) and mostly used to meet household energy demand 

for cooking and lighting. The Chinese fixed dome digester is often the design of choice because of its reliability, low 

maintenance requirements and long lifetime (Parawira, 2009). About 94% of the biodigesters in the study areas were 

family-sized constructed for domestic use and only 6% of the biogas digesters were constructed jointly (Table 2). About 

1.5-2.4𝑚3/day of biogas is considered sufficient to supply cooking requirements for a family of five (Bond & 

Templeton, 2011). In the study area, about 43% of the biodigesters generated less than 3 m3 of gas per day and about 50% 

of the biodigesters generated 3-6 m3/day. About 73% of the biodigesters supplied biogas to single cookstove and about 

19% of the biodigesters supplied gas to 2-3 cookstoves.  
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Table 2. Percent distribution of biodigester adopters according to the type of biodigester type 

Characteristics of biodigester Number of Adopter  Percent  

Digester Type   

Single  340 94.0 

Joint  20 6.0 

Total 360 100 

Digester size (in   )/day 

<3 156 43.3 

3 to less than 6 179 49.7 

6 and above 25 7.0 

Total 360 100 

No. of cook stoves per digester  

1 263 73.1 

2-3 69 19.2 

4 and more 28 7.0 

Total 360 100 

 

2.3 Reasons for Installation of Biodigester  

Biogas generation is one of the most promising solutions for organic waste management due to a renewable energy 

source, less production cost and low production of residual waste (Kiran, Trzcinsk, Ng, & Liu, 2014). In addition, the 

digestate produced by the AD is a nutrient-rich product that could be used as a soil conditioner and organic fertilizer. 

The production of biogas through AD offers significant advantages over other forms of bioenergy production. It has 

been evaluated as one of the most energy-efficient and environmentally beneficial technology for energy production 

(Weiland, 2010). It can drastically reduce greenhouse gases emissions compared to fossil fuels by utilizing locally 

available resources. In spite of its versatile benefits, adoption of biodigester and use of biogas depend on the attitude of 

the biodigester adopters towards biogas. The study results show that (in Table 3) biodigester adopters were interested to 

install biodigester because of availability of feedstocks in their own farms (about 90%), environmentally friendly (about 

79%), and financially sound technology (about 86%). About 88% of the biodigester adopters were satisfied with the 

performance of their biodigesters. These results clearly indicate that Bangladesh contain congenial environment for 

adopting biodigester technology 

Table 3. Percent distribution of biodigester adopters according to reasons of adapting biodigester  

Reasons for adopting biodigester  Percent* 

Feedstocks are available in own household  89.5 

Biogas use is environmentally friendly  78.7 

Biogas is financially viable  85.9 

Due to scarcity of solid fuels  67.8 

Government and non-government agencies inspired    17.8 

Others  7.1      

Whether satisfied with the performance of biodigester  

Satisfied 88.1 

Did not satisfy 11.9 

Total number of adopters  360 

            * Total percent is not 100 because of multiple response  

2.4 Economy of Biodigester 

The economy of biogas plant is characterized by initial investment, couple of operation and maintenance cost, mostly 

practice free raw materials (animal dung, poultry litter, households’ solid wastes etc.) and finally income generate from 

the production of biogas. Other external values such as production of biofertilizer, reduction of CO2 emission, reduction 

of health cost, decrease time for cooking and for collecting cooking fuels would be added. In each of these cases, the 

financial feasibility of the facility depends largely on whether the outputs in form of gas and slurry can substitute for 

costly fuels, fertilizer, or feed that were previously purchased while, at the same time, abating pollution (Amigun, et al. 

2007).    
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2.5 Initial Investment  

One of the major constraints for domestic biodigester adoption is high installation, operating and maintenance costs, 

which puts it out of financial reach of many rural households (Surendra et al., 2014). Because of high upfront cost, it 

becomes difficult for most of the farmers to invest such amount initially. Adoption of domestic biodigester also depends 

on program strategy. Household level adoption can be enhanced by an integrated program approach, including 

technology standardization, quality control, and integrated farming using biogas and bio-slurry (Mwirigi et al. 2014). 

Although initial investment for the construction of biodigester is higher compared to traditional fossil fuels, but viewed 

over time, biogas becomes economically worthwhile considering all externalities (environmental and health benefits, 

employment generation etc.) and when lower operating costs are taken into account (Bahauddin & Salauddin, 2012).    

Biodigesters in Bangladesh, in majority of the cases, are financed in two ways – a flat rate subsidy from the government 

on the investment cost and cash contribution from respective plant owners to fill gap. The subsidy provided by the 

government is insufficient to meet the total cost of installation and a gap exists which the farmers must bridge. This gap 

is either filled by cash of their own or by credit received from financing institutions on some pre-defined terms and 

conditions. Total investment cost of biodigesters from adopters’ side ranged from BDT 5,000 for biodigesters having 

capacity less than 3m3/day to BDT 240,000 for biodigesters of capacity 12m3/day or more (Table 4). The average 

construction cost of about 43% of the biodigesters having capacity of less than 3m3/day was BDT 27,560. The average 

construction cost of about 50% of the biodigesters having capacity of 3-6 m3/day was BDT40,222.  On an average, 

cost for installation of a biodigester was BDT 35,111.  

Table 4. Percent distribution of adopters according to the average initial cost for construction of biodigester 

Digester size (in m
3
) Average cost (in BDT) Number (Percent) Minimum Maximum 

<3 27,560 156 (43.3) 5,000 60,000 

3-6 40,222 179 (49.7) 7,000 80,000 

6-9 57,900 10 (2.7) 28,000 120,000 

9-12 102,500 5 (1.4) 37,500 175,000 

12 and above 122,500 10 (2.7) 60,000 240,000 

Total 38,377 360 (100)   

The cost for installation of biodigester was reasonable and farmers could easily afford this amount. According to about 

98% of the biodigester adaptors, installation cost of biodigester in Bangladesh was reasonable or cheap (Table 5). The 

cost for construction of about 97% of the biodigester was cash contribution of the respective biodigester adopters and 

only 7% of the biodigester adopters received credit from financial institution. Annual operation and maintenance costs 

for biodigesters were related to repairing, maintenance and replacement costs (Kandapal, Joshi, & Singh, 1991). In 

about 81% of the biodigesters, operation and maintenance costs were not needed because the family members operated 

and maintained the biodigesters. Annual operation and maintenance costs were less than BDT 1000 for about 8% biogas 

digesters and more than BDT 3000 for about 6% of the biogas digesters. Monthly cost of biogas for cooking per 

cookstove was less than BDT 300 for about 74% of the households and monthly cost for cooking per cookstove was 

BDT 600 or more for about 17.2% households. At present, cooking cost for natural gas per cookstove is BDT 975 and 

average cooking cost for solid fuels per household is BDT 1060 (Samira et al., 2020) indicating that cost for cooking by 

using biogas is considerably less than for cooking by using natural gas or biomass fuels.  

Table 5. Initial invest for the construction of biogas digesters  

Particulars about investment  Percent 
Whether installation cost is low-cost or expensive 
Low-cost 98.0 
Expensive  2.0 
Source of investment  
Own savings 93.0 
Loan 7.0 
Annual operation and maintenance cost (in BDT) 
No cost  81.4 
<1000 7.5 
1000~3000 4.8 
>3000 6.4 
Monthly cost for cooking per household (in BDT) 
<300 74.0 
300-599 5.8 
≥600 17.2 
Total 360 
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2.6 Feedstock for Biodigester  

The cost and availability of feedstock significantly affect the price of biofuels. A wide range of agricultural crops, 

residues, manure, and organic wastes are potentially available for use as feedstocks of AD in agricultural households. If 

biodegradable wastes are easily available as feedstocks, the benefits in dealing with the biodegradable waste could be 

twofold: (i) economic value of biogas and its digestate; and (ii) environmental cost avoided in some other ways such 

disposal in landfill (Jones, 2010).  However, the economic benefits of outputs may become low if the feedstock are 

costly such as transport and storage or have to be purchased. Theoretical any biodegradable biomass can be used as 

feedstock for biogas production. However, potential of biodegradable biomass to generate biogas through AD varies in 

terms of C/N ratios. Biomass with a C/N ratio between 20 to 30 has been reported to produce optimal biogas 

composition (FAO, 1996; das Neves, Converti, & Penna, 2009; Sagagi, Garbu, & Usman, 2009). Animal manure (e.g. 

pig, sheep, and cattle dung) have a higher C/N ratio of 18-30, leaves animal manure are suitable substrates for AD 

giving high biogas yields and could provide additional benefits to farmers. In the study area, about 91% of the 

biodigester adopters feed with cow dung and about 9% of the biodigester adopters feed with poultry litter for biogas 

generation (Table 6). It has been realized that co-digestion can improve biogas production and stability (Karki, Gautam, 

& Karki, 1994; Risberg, Sun, Lev�́�n,  Horn, & Achn�̈�rer, 2013; Moustakasa, Rehanb, Loizidoua, Nizamic, & Naqvi, 

2020; Li et al. 2020). Organic kitchen wastes co-digested with cattle manure improves the biogas production potential 

as compared to cattle manure alone (Otun et al., 2015; Abebe, 2017). Consequently, costs for biogas generation by using 

cow dung or poultry dropping alone are not favorable due to their relatively low biogas yield in comparison with 

co-digestion with more biodegradable wastes such as kitchen wastes (Moller, Sommer, & Ahring, 2004; Aragaw, 

Andargie, & Gessesse, 2013). The tasks of collecting, stirring and feeding the substrates into the biodigester were 

largely performed by households’ members of the biogas diester adaptors. Almost all the biogas diesters are family size 

and are situated near the cattle and poultry shed from where substrates are collected.  Availability and easy access to 

feedstocks for biogas generation is one of important catalysts for sustainable generation of biogas for domestic biogas 

generation in Bangladesh.  

Table 6. Percent distribution of biogas diesters according to feed substrate  

Feed substrate  Percent 

Types of substrate   

Cow dung  90.8 

Poultry droppings 8.9 

Others  0.3 

Source of collection of substrates 

Own farmhouse 92.5 

Purchase  1.7 

Partially purchase and partially from own farmhouse 5.6 

Total number of adopters  360 

 

2.7 Benefits Derived from Biodigesters  

Quantification of benefits from biodigester is crucial in order to assess the success and sustainability of the biodigester 

program. Benefits from biodigester can be classified into two categories: monetary and environmental. Family size 

biodigesters are usually constructed for household use only. In the study area, 65% of the biogas digesters generated 

biogas only to meet the need for cooking of adopter’s family. Generated biogas from rest of the biodigesters was used 

both for meeting cooking needs of own family and the surplus biogas was sold in the neighbor households. About 13% 

of the biodigester adaptors earned less than BDT 600 per month and about 7% of the biodigester adopters earned BDT 

2000 or more from selling surplus biogas (Table 7). Bio slurry is the biproduct of biogas generation. About 73% of the 

biogas digester adopters used bio-slurry for use of own agricultural field as fertilizer. About 11% of the biodigester 

adopters sold bio-slurry of BDT 5000~10000 per year after meeting the needs of own agricultural field.   

Furthermore, the bio-digester is also thought to improve the environment-indoors and outdoors. The indoors 

environment is enhanced by reduction in the incidents of illness from burning coal, and firewood, and outdoors by 

reduction in carbon dioxide (CO2) and Sulphur dioxide (SO2) emissions (Pei-dong, Guomei, & Gang, 2007). Research 

investigation proved lower greenhouse gas (GHG) emissions from biofuels in comparison to conventional fossil fuels 

and biomass fuels (Huang, Khanna, Onal, & Chen, 2013; Silva-Martínez, Sanches-Pereira, Ortiz, Galindo, Coelho, 

2020). Before installation of biogas digester, a household typically used firewood, and stalk and straw for cooking 

purposes. The main benefits incurred from a biogas in relation to household are replacement of commercial fuels by 

biogas, the reduction in the time needed to collect firewood, and since fertilizer can be replaced by the residue of biogas 

https://www.sciencedirect.com/science/article/pii/S0960148120302275#!
https://www.sciencedirect.com/science/article/abs/pii/S0960148120305887#!
https://www.sciencedirect.com/science/article/abs/pii/S0960148120305887#!
https://www.sciencedirect.com/science/article/abs/pii/S0960148120305887#!
https://www.sciencedirect.com/science/article/abs/pii/S0960148120305887#!
https://www.sciencedirect.com/science/article/abs/pii/S0960148120305887#!
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production, a reduction of cost the costs these products. Moreover, growing biofuel production would reduce the cost of 

conventional fuels by reducing the dependency on petroleum fuel. Thus, biogas generation through AD provides a 

valuable gas for cooking, better livelihoods in rural areas through health benefit, income generation from surplus time 

and selling surplus gas after consumption, earning foreign currency from carbon trading etc. (Von EiJi, 2012; Walekhwa, 

Mugisha, & Drake, 2009; Jabeen et al., 2020).   

Table 7. Percent distribution of digesters according to amount of money earned after using biogas for their own cooking 

Monthly income from biogas (in BDT) Percent 

Use only for household cooking   65.0 

<600 13.3 

600~900 3.1 

900~1200 7.0 

1200~2000 4.9 

2000 and more 6.7 

Annual income from bio-slurry (in 

BDT) 

 

Use only for own farm 73.3 

<5000 6.1 

5000~10,000 11.1 

>10,000 9.5 

Total number of adopters  360 

 

2.8 Influencing Factors for Economic Viability of Biodigester  

A factor analysis was performed to identify the influencing factors for economic benefits from biodigester. Factor 

analysis is a generic term for statistical techniques concerned with the reduction of a set of observable variables in terms 

of a small number of latent factors.  

The intrinsic interest of factor analysis is in the “underlying factors”. The factor analysis model can be expressed in 

matrix notation: 

𝑥 =  𝜇 + 𝛬𝑓 + 𝑈                                       (1) 

Where   

x: whether biodigester economically viable  

Λ: *𝜆𝑖𝑗+ is a p×k matrix of constants, called the matrix of factor loadings. 

f : random vector representing the k common factors. 

U: random vector representing p unique factors associated with the original variables.   

Equation (1) can be used to find linear combinations of variables to explain set of observations of many variables used 

in the study. This equation extracts influential common factors that make the biodigester economically viable. A factor 

can be estimated as a linear combination of the original variables as:   

�̂�𝑗𝑘 = ∑ 𝑊𝑗𝑖 𝑋𝑖𝑘 
𝑝
𝑖=1                                     (2) 

where Xik is the standardized value of the ith variable for case k and Wji  is the factor score coefficient for the jth factor 

and the ith variable.  

One part of the output from a factor analysis is a matrix of factor loadings. A decision needs to be made regarding what 

constitutes a significant loading. A rule of thumb frequently used is that the absolute value of a factor loading greater 

than 0.3 is considered significant, greater than 0.4 is more important and greater than 0.5 is very important (Lawley & 

Maxwell, 1971). Thus, rotated factor loadings greater than 0.4 are bold underlined to assist the interpretation of the 

meanings of the factors. Factor analysis was used to establish the correlation between 12 observed variables of whether 

biogas become economically viable or not. The number of factor components (FCs) extracted was based on criterion by 

Kaiser (1960) where the FC(s) with eigen values greater than 1 were considered. The variables produced unrelated 

components with eigen values greater than 1, all cumulatively accounting for 72% of the variance of the data set. 

https://www.sciencedirect.com/science/article/abs/pii/S0960148120303748#!
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Factor analysis extracted four factors each with eigen value greater than 1 (Table 8). For economically viable 

biodigester, the first factor was loaded on the observed variables “biodigester size”, “No. of cookstoves per biodigester” 

and “No. of households per biodigester”. The subset of observed variables loaded on the first factor are related to the 

capacity of biodigester and thus the first factor can be named as “biodigester capacity”. The second factor is loaded on 

the subset of observed variables: “substrates feed with biodigester”, “No. of cattle owned by adopter’s household” and 

“No. of poultry owned by adopter’s household”. The subset of observed variables constituted the second factor was 

related to “easy access to substrates” and thus the second factor for the economic viability of biodigester is “availability 

and easy access to substrates” for feeding biodigester. The third factor is loaded on the subset of observed variables: 

“Amount of initial investment”, “Annual maintenance cost” and “Source of substrates”. The subset of observed 

variables constituted the third factor was related to “Amount of Investment for Biodigester” and thus the second factor 

for the economic viability of biodigester is “amount of investment for biodigester”. The fourth factor is loaded on the 

subset of observed variables: “Operation life time of biodigester”, “Monthly income from selling surplus gas” and 

“Income from bio-slurry”. The subset of observed variables constituted the fourth factor was related to “Economic 

benefit derived from biodigester” and thus the second factor for the economic viability of biodigester is “Economic 

benefit derived from biodigester”. 

Table 8. Rotated component matrix of the selected characteristics 

Observed Variables   Extracted Factors Communalities 

Factor 1 Factor 2 Factor 3 Factor 4 

Digester size 0.920 0.040 -0.091 -0.025 0.857 

Amount of initial investment  0.355 0.351 0.407 0.197 0.453 

Annual maintenance cost  0.079 -0.014 0.771 0.000 0.601 

Operation life time of biodigester  -.062 -0.087 -0.233 -0.689 0.541 

No. of cookstoves per digester  0.958 0.115 0.148 0.047 0.955 

Substrates feed to biodigester  0.009 0.901 0.025 -0.015 0.813 

Source of substrates  0.031 -0.044 0.742 0.038 0.555 

No. of cattle owned by household   -0.170 0.827 -0.002 0.040 0.715 

No. of poultry owned by 

household   

-0.008 0.869 -0.066 -0.008 0.760 

No. of households per biodigester  0.969 0.098 0.127 0.045 0.966 

Monthly income from biogas  0.105 0.015 0.198 0.860 0.789 

Monthly income from bio-slurry 0.034 -0.088 -0.138 0.813 0.688 

Eigen value 4.451 1.753 1.397 1.095  

Percent of variance  37.088 14.606 11.642 9.124  

Cumulative variance (%) 37.088 51.695 63.337 72.461  

Bartlett’s Test(Approx. χ2) 2706.981***     

Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy. 

0.779     

     ***p < 0.001. Extraction Method: Principal Component Analysis. Rotation Method: Varimax with  

         Kaiser Normalization. 

3. Conclusion 

Anaerobic digestion is a renewable energy source which can comfortably replace fossil fuel as an environment friendly 

process. The increasing demand for renewable energy compels the exploration of the increasing installation biogas 

digester especially in developing countries like Bangladesh. Biogas production addresses both waste reduction and 

energy production. High potential feedstock for biogas production, cow dung and poultry droppings, are readily 

available in own households in rural areas of Bangladesh. It is feasible to produce biogas from animal manure with 

simple equipment and a straight forward procedure. Even women family members can maintain the biogas digesters in 

Bangladesh involving no cash maintenance and operation costs. Biogas digester adaptors are satisfied with the 

performance of their biogas digester. Initial investment for the construction of biodigester is affordable and cheap. After 

meeting biodigester adopter’s household need for cooking, some adopters can sell surplus biogas to earn money. 

Moreover, the process of biogas production is not merely source of energy, but also used as source of organic fertilizer 

for the own agricultural field and for earning additional money from selling surplus bio-slurry. Biodigester adopters are 

satisfied with performance of biodigester. Thus, Bangladesh is an ideal place to adopt biodigester for generating 

domestic biogas. Generation of biogas will meet the increasing demand of energy mainly for cooking and lighting. Thus, 

biogas generation through AD provides a valuable gas for cooking, better livelihoods in rural areas through health 
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benefit, income generation from surplus time and selling surplus gas and bio-slurry after consumption, earning foreign 

currency from carbon trading etc. The economic viability of biogas generation depends on capacity of biodigester, 

availability and easy access to substrates, amount of investment for biodigester, and economic benefits derived from 

biodigester.  Biogas production from various wastes through anerobic digestion technology is growing worldwide and 

is considered ideal in many ways due to its economic and environmental benefits. In Bangladesh, the use of cow dung 

and poultry droppings for biogas generation is well established. However, the costs of only cow dung or poultry 

dropping digesters are not favorable due to their relatively low biogas yield in comparison with co-digestion with 

kitchen wastes. More research is needed to find the appropriate combination of available substrates to use co-digesting 

technology. Successful implementation of anaerobic digestion as a method of waste treatment has the potential to 

change the concept waste into that of a valuable resource which will lead to total utilization of renewable energy 

resources reducing energy requirement, creating more jobs and income, reducing costs, making it readily available and 

minimize environmental pollution.  
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