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SCALE BIOGAS PLANTS IN BANGLADESH BY USING DATA 
ENVELOPMENT ANALYSIS 
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Abstract 

 
The main objective of the study is to estimate technical efficiency of biogas plants in 
Bangladesh by using data envelopment analysis (DEA). The study employed farm 
level cross section data from five major biogas producing areas of Bangladesh. The 
non-parametric DEA approach applied to estimate the technical efficiency of 
biogas plants in the study areas. This paper developed a theoretical framework of 
DEA approach. The average technical efficiency of biogas plants in Bangladesh 
is 86 percent. This indicates a good potential for increasing biogas production by 
14 percent with the present technology and level of inputs. Only five farms achieved 
efficient score 1.00 and remaining fifty five farms having chance to promote their 
efficiency score with the help of peer groups through DEA approach. Peers groups 
of perfect efficient farms could be playing a vital role on inefficient farms to 
direct their inputs for efficiently producing biogas. 
 

 
I.  INTRODUCTION 

 
      Bangladesh has plentiful sources to supply of renewable energy. However, the 
consumption level of energy is very low (i.e. 200 kg oil equivalent/ year) compare 
to the developed countries (Gofran, 2007). Three types of energy are usually seen 
in Bangladesh like, traditional, commercial and renewable. The traditional energy 
(biomass) source transmits from agricultural residues, animal dung, municipality's 
wastage, leaves and trees. 
 

      Traditional energy has been contributing 60 percent of total energy consumption. 
Consumption level of traditional energy has already been exceeded the generative 
limit and in future, there should be created more energy related problems in 
Bangladesh. Only 4 percent and 30 percent of the total population has access to 
the natural gas and grid electr icity, respectively (Rouf and Haque, 2008). 
 

      Biogas can be best alternative source to mitigate the existing problem of 
energy, electricity crisis and protect the environment degradation as well as ensure 
health security of women. The metabolic activities engage in microbiological 
methanation for producing biogas is relying on: substrate temperature, retention time 
(flow through time), pH level, available nutrients, nitrogen reserve and 
Carbon/Nitrogen ratio, etc (Biogas digest,  2009). The biogas activities have started 
in Bangladesh since 1972. India and China also started the biogas activities since 
1923 (Prasad et al., 1974) and 1925 (APH, 1989), respectively.  
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      Both India and China have met with considerable success in extending the technology for 
use of general people. Since 1972, about 30,000 biogas plants are functioning to produce gas 
in Bangladesh. It was seen in Bangladesh that the production system of biogas plants were 
almost same (Ghimire, 2005). Alam (2008) has shown that 3 percent, 76 percent and 21 of total 
farms were good functioning, with defect but good functioning and poor functioning, 
respectively. Several government, non-government, private and international organizations 
are involved for extending the biogas plants across the country. 
 

     The literature on efficiency analysis is broadly divided into deterministic and stochastic 
frontier methodologies. The deterministic, nonparametric approach that developed out of 
mathematical programming to measure efficiency is known as data envelopment analysis 
(DEA), while the parametric approach which uses a stochastic production, cost, or profit 
function to estimate efficiency is called the stochastic frontier approach (SFA). DEA is 
commonly used to evaluate the efficiency of a number of producers. In the past, common 
criticisms of DEA related to its inability to account for the measurement error and to test for 
significance of the efficiency measures. Banker (1996), and Fare and Grosskopf (1995) 
proposed several statistical tests which have subsequently made DEA a powerful tool for 
efficiency analysis. One of the major limitations of the SFA is the restrictive assumption on 
the functional form of the production function and the distribution of the one-sided error term 
(Forsund, et al. 1980). 
      

     The efficiency level of these biogas plants obviously, differ with respect to uses of distinct 
inputs, regional variation, management of biogas plants, number of livestock as well as 
production of manure or poultry dropping. 
 

      The major aim of this study is to estimating technical efficiencies of biogas farms of 
different regions in Bangladesh though DEA approach. 
 

     The application of DEA model in biogas research has been reaching not at a considerable 
level but it has been beginning. 
 

II. METHODOLOGY 
 
Study area 
 

     The purpose would be better served where there were various types of biogas plants are 
available. Five districts selected from four divisions for this study namely: Noakhali, 
Mymensingh, Khulna, Manikganj and Rangpur. A number of villages had been selected from 
each district where biogas plants were available. All the biogas service provider agencies have 
been working in the study areas and also regionally, chosen these areas for representation of 
the country. These five districts selected due to having good representation of biogas plants 
across Bangladesh. There have some regional variation on the basis of education, farming 
system, adoption of technology, cultural and economic status, etc. 
 
Sample technique 
 
     Considering the time and resource constraints, sixty samples were taken for the study. 
Purposive random sampling technique was chosen for collection of data because it was 
difficult to collect data from biogas users. Twelve sampled farmers have been selected from 
each district. Thus, the study was based a set of field level primary data collected from the 
sampled farmers by direct interview with a set of interview schedule designed for the research 
 
 
 



Estimation of Technical Efficiency of Small                 71 
 
during l April to 7 May, 2009. Secondary data were collected from internet, different 
organisation and even some expert persons who are evolved in biogas activities. 
 
Description of variable input used for DEA 
 

     Cowdung and human labour had been considered as variable inputs and all fixed inputs 
did not account for this research due to linear programming approach consider for estimation 
of variable inputs. 
 
Cowdung/ poultry dropping (Xi): The biogas users were using cowdung as the main sharer 
of total input that apply into the biogas digester. Among the sixty farmers, fifty six farmers 
usually habituated to use cowdung and four farmers used poultry dropping. Among the five 
locations, Noakhali district used more cowdung for apply to the digester (Table 1). Table 1 
shows average amount of cowdung used to biogas digester for growing the bio-gases. 
 

Table 1 Amount of variable inputs used in different location 
 

 Amount of input in different locations  Variable 
inputs(unit) Noakhali Mymensingh Khulna Manikganj Rangpur 

All 

Cowdung/poultry 
dropping (kg) 

59.58 
(7.52) 

42.67 
(16.37) 

70.33 
(35.37) 

52.50 
(20.37) 

52.92 
(16.44) 

59.35 
(25.36) 

Human labour 
(hr/day) 

0.35 
(0.13) 

0.45 
(0.19) 

0.39 
(0.17) 

0.47 
(0.18) 

0.38 
(0.13) 

0.41 
(0.18) 

Figures in the parentheses indicate standard deviation  
Source: field survey, 2009 
 
Human Labour (X2): Usually, two types of labour were seen in the study area like, hired 
labour and family supplied labour. The family supplied labour especially, women were giving 
more labourious attention to collect the dung and apply the dung into the digester for 
production of biogas. Table 1 shows how long time was using for production of biogas. 
 
Output measure for DEA 
The existing main objective of a biogas producer is to optimum production of gas for cooking 
of food in sustainable way. Two forms of output were getting from using the manure and 
labour with some fixed variables like, biogas and slurry. 
 
Biogas (Yl): It is very difficult to measure the amount of biogas produced in Bangladesh due to 
unavailability of measurable indicator. Thus, researcher applied a technique to measure the 
biogas by considering how long time (hr/day) a stove was burning for cook. Table 2 show a 
stove was burning per day. 
 
Table 2 Amount of Output in different location 
Variable Amount of input in different locations All 
outputs (unit) Noakhali Mymensingh Khulna Manikganj Rangpur Regions 
Y1(hr/day) 2.62 

(1.58) 
3.79 

(1.49) 
3.83 

(1.17) 
3.12 

(1.06) 
3.25 

(0.40) 
3.67 

(1.60) 
Y2(kg/day) 30.83 

(3.88) 
22.75 
(7.60) 

37.75 
(18.77) 

27.75 
(7.35) 

27.83 
(8.84) 

29.68 
(11.37) 

Figures in the parentheses indicate standard deviation 
Source: field survey, 2009 
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Slurry (Y2): Biogas technology has two folded benefits i.e. fuel as energy source and slurry as 
bio-fertilizer of high nutrient value. After getting the gas from digester, there have some remaining 
by-product called slurry use in the agricultural field for producing crops or vegetables. 
Usually, biogas users utilise the slurry as composed into the field. Table 2 shows the slurry 
obtained from the biogas plants. 
 

MS Excel-solver method applied for estimating the efficiencies through DEA approach.  
 

 
III. THEORETICAL FRAMEWORK 

 

Data Envelopment Analysis 
     Data Envelopment Analysis (DEA) is a linear programming approach uses data on various inputs 
and outputs of firms, production units or decision making units to compare a piece-wise linear 
surface over the data. It is non-parametric in nature that originated by the result of sequence of 
linear programming problem one for each unit in the sample. Efficiency measurement begins with 
Farrel (1957) and proposed that the efficiency of firm consists of two components: technical 
efficiency and allocative efficiency. Technical efficiency is able to increase the output with using 
level of input constant and allocative efficiency attempt to use the inputs optimally where input 
price and production technologies are given. This concept was popularised through updated the 
mathematical programming of Farrell's single input and output technical efficiency estimate to 
the multiple output by Charnes, Cooper and Rodes (1978) in the course of CCR model based on 
constant return to scale (CRS) assumption. While all firms are functioning at optimal level one 
can operate the CRS assumptions for estimating the efficiency level (Hanh, 2009). Imperfect 
competition, constraints on finance, etc., may cause a firm to be not operating at optimal level. 
In 1984, Banker, Charnes, and Cooper developed more conceptualised theme on BCC model based 
on variable return to scale (VRS) (Coelli et al. 2005). The measurement of overall technical 
efficiency using output oriented DEA shown in Fig. l for a region. The problem considers two 
outputs (yl and y2) and one input (xl) where hold the input quantity fixed at particular level, 
represent the technology by production possibility curve in two dimensions, ZZ' denotes 
production possibility curve and the point A corresponds to an inefficient firm which lies below 
the curve, because ZZ' represents the upper bound of production possibilities. The firms B and C 
are operating their activities efficiently which lies on the ZZ' curve. The distance AB 
represents technical inefficiency (Fare, et al. 1994). That is, the distance amount by which output 
could be increased without requiring extra inputs. Hence a measure of output-oriented technical 
efficiency for point A is the ratio: TE= OA/OB. 
 
     Firm A could possibly increase the output without increasing inputs. This implies production 
at the point A in Fig 1 potentiality to lies on a curve ZZ' with the direction activities of firm B and C. 
Firm B and C are therefore usually referred to as the peer of firm A. 
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Technical efficiency of biogas users in Mymensingh district 
 

     Mymensingh is a renowned for crops growing area in Bangladesh. There have a lot of 
substrate to produce biogas for mitigating existing problem of gas and electricity within the 
locality. Table 3 shows that two farms in Mymensingh i.e. farm no. 7 and 8 were performing 
perfectly as their technical efficiency score were 1.00, respectively and remaining 10 farms 
were not performing efficiently. For example, farm no. 8 of Mymensingh and farm no. 3 of 
Khulna were peer of less efficient farm no. 1 of Mymensingh. This less efficient farm no. 1 
has opportunity to follow the activities of those two farms for increase the technical efficiency 
level of 1.00 (Appendix Table 1). Technical efficiency ranged from 0.73 to 1.00 with an average 
of 0.88 in Mymensingh. 
 
Technical Effciency of biogas users in Khulna district 
 

Table 3 shows that only two farms i.e. farm no. 3 and 7 having a good performance with a 
score of 1.00 and remaining ten farms were not functioning efficiently as their technical 
efficiency score were less than 1.00 in Khulna. Technical efficiency ranged 0.74 to 1.00 and 
with an average o1D.89 in Khulna. For example, farm no. 8 of Mymensingh, farm no. 3 and 
7 of Khulna were the peer of inefficient farm no. 8 of Khulna (Appendix Table 1). 
 
Table 3. Technical efficiency of output-oriented VRS DEA in the study areas. 
 

Farms Noakhali Mymensingh Khulna Manikganj Rangpur 
1 0.93 0.81 0.95 1.00 0.94 
2 0.96 0.93 0.89 0.87 0.77 
3 0.95 0.92 1.00 0.93 0.96 
4 0.91 0.86 0.99 0.96 0.87 
5 0.93 0.73 0.99 0.88 0.95 
6 0.82 0.97 0.92 0.96 0.88 
 0.89 1.00 1.00 0.90 0.71 
8 0.79 1.00 0.74 0.75 0.79 
9 0.81 0.80 0.81 0.71 0.93 
10 0.78 0.88 0.92 0.78 0.99 
11 0.73 0.91 0.83 0.7& 0.83. 
12 0.87 0.79 0.76 0.69 0.80 
Average TE 0.86 0.88 0.89 0.84 0.86 
Standard 
deviation 

0.10 0.08 0.11 0.09 0.09 

Max 0.73 0.73 0.74 0.69 0.71 
Min 0.96 1.00 1.00 1.00 0.99 
Grand average 0.86 
(Source: field survey, 2009) 
 
Technical Efficiency of biogas users in Manikganj district 
 

     Manikganj is the central place in the Bangladesh as well as close to the capital city 
`Dhaka'. Mostly, the biogas users in the Manikganj district were professionally occupied to 
the business rather than the other study areas. According to observation of Table 3, farm no. 
1 was working perfectly and remaining eleven farms have option to promote their technical 
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efficiency by increase output with given level of inputs. Technical efficiency ranged from 0.69 to 
1.00 with an average of 0.84 in the Manikganj. i Example, farm no. 8 of Mymensingh and farm no. 
3 and 7 of Khulna were playing a role as the peer groups of inefficient farm 12 of Manikganj 
(Appendix Table 1). 
 
Technical Efficiency of biogas producer in Rangpur 
 

      In Rangpur, Biogas users were usually habituated to agricultural profession. Table 3 shows that 
none of farms having capacity to produce biogas perfectly due to technical efficiency of all sampled 
farms in Rangpur didn't reach score 1.00. The ranges of technical efficiency were 0.71 to 0.99 with 
the average of 0.86 in Rangpur. Farm 8 of Mymensingh and farm no. 3 of Khulna was the peer 
groups as least efficient farm no. 7 of Rangpur (Appendix Table 1). 
 

     The average technical efficiency of all sample biogas users was about 86 percent. It indicates that 
about 14 percent inefficient existed among the biogas producers as well as potential for increase 14 
percent of total biogas production by improvement of efficiency with given input level. 
 

V. CONCLUSION AND POLICY RECOMMENDATION 
 

     The study was designed to estimate the technical efficiencies of biogas producer in different 
districts of Bangladesh by using of DEA method. Output-oriented VRS DEA approach is 
deterministic linear programming transform the inputs into the outputs. It is evident from Table 3 
that the average technical efficiency level was 86 percent. Thus, still there is an opportunity to 
promote the efficiency by 14 percent to achieve 100 percent efficient level. 
 

      Comparatively, Khulna districts performed comparatively better than other selected areas. The 
socio-economic behaviour of biogas users in Khulna was differed than others districts in terms of 
education, farm size, age of the family head and education, etc (Appendix Table 2). However, the 
differences of technical efficiencies of all districts were not so large due to using of manure and 
labours were not quite different. It is quite good result response to all farms but having a question 
on total volume of biogas production. The farmers are given the effort to produce biogas by 86 
percent efficient level but the total volume of biogas production was not too much due to 
adoption of low technology in study areas. Thus, this DEA technique follows the Schultz (1964) 
model on `poor but efficient' in the developing countries. GOs, NGOs, private entrepreneurship 
and international funding organization have to take initiative to implement high technology based 
biogas plants that could be mitigated the existing gas as well as electricity problems. 
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