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ABSTRACT 

 

Biomass is the major source of energy supply in Bangladesh. A large portion of urban and most of 
the rural people use biomass to meet their energy demand specially for cooking. The future 
bioenergy supply of the country is unpredictable due to the lack of available scientific information. 
The aim of the study was to estimate bioenergy potential from major crops residues and wood fuels 
in Bangladesh. In this study, production of major crops such as rice, wheat, jute, sugarcane, mustard, 
coconut and lentil, as well as major wood products data from the year 1990 to 2009 were collected. 
The most appropriate residual coefficients were applied to determine the available biomass for 
bioenergy potential. The results showed that bioenergy potential from selected crops residues 
produced a total 525.87 MGJ (million giga joules) in 2009 where the contribution of rice crop 
residues was substantial (447.55 MGJ). However, the bioenergy potential from wood fuels was 
approximately 236.33 MGJ. A ‘status quo’ benchmark scenario and three alternative scenarios were 
developed to project the bioenergy potential up to 2020. The scenarios analysis showed that 
bioenergy potential from selected crops residues and wood fuels would rise to 711.27 MGJ and 
234.34 MGJ respectively under the benchmark, and at 853.43 MGJ and 403.36 MGJ respectively at 
higher growth levels. The study envisaged that intensifying management of existing forest resources, 
enhancing afforestation/reforestation programme in forested and non-forested areas with short and 
medium rotation tree species could enhance bioenergy potential. The study is useful to policy 
makers and entrepreneurs for promotion of future sustainable bioenergy of the country. 
KEY WORDS: Bioenergy, Potential, Crop residues, Wood fuels, Bangladesh. 

 
INTRODUCTION 

 
Biomass is organic matter of contemporary biological origin. It includes all forms of organic matter such as 

agricultural crops, trees, all types of plant residues, wood, animal wastes, municipal wastes, sewage sludge, and other 
organic waste materials. Biomass is the most common fuel for usage in energy purposes in domestic, commercial and 
industrial sectors in almost all developing countries. It is well known that biomass plays a vital role in rural energy supply in 
Asia and especially it has a high share in the total energy consumption in the South Asian countries including Bangladesh 
(FAO 1998). Bangladesh is one of the highest densely populated countries in the world with a population over 145 million, 
and area about 144.000 km2. Approximately 52.54% of the country’s land is used for agricultural practices and 17.50% for 
forest (BBS 2010a). The energy balance of the year 2000 estimated that the total primary energy supply (TPES) in 
Bangladesh was 1147.80 MGJ of which biomass fuel alone constituted about 57% of the TPES (Hossain 2005). Per capita 
energy consumption in Bangladesh is quite low. Per capita energy consumption was increased 5 GJ (giga joules) in 1977 
(Kennes et al. 1984) to 6.2 GJ in 2009, which is the lowest of the world (IEA 2009). Even within the country sides, the 
overall energy supply is still much lower than the demand mainly due to regional disparity in the availability of energy 
sources such as forests, crop land, and natural gas fields (FDH and Islam 1998). Only about 6% of the total populations 
have access to natural gas supply, and about 32% to the national grid electricity (LGED and FAO 2006; Islam et al. 2006). 
Due to the scarcity of modern energy supply, almost all rural people and a considerable proportion of urban people depend 
on biomass to meet their daily energy demand, especially for cooking.  

Various agricultural crop residues, wood fuels and animal dung are the main sources of supplying bioenergy in 
Bangladesh. The majority of the arable land is cultivated for producing rice, wheat, jute, sugarcane, mustard, coconut and 
lentils (BBS 2010b). These crops produce a substantial amount of residues. On the other hand, wood fuels are becoming 
scarce mainly due to the rapid shrinkage, degradation, and fragmentation of the forest resources (FAO 2000). It is estimated 
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that currently the gap between production and supply of wood fuels is over 3 million m3 annually and will be further wider 
with a shortfall about 3.3 million m3 per year by 2013 (MoEF 1992). Nonetheless, many biomass fuel-based industries such 
as food processing industries, agro-processing industries, and clay-based industries are heavily reliant on non-sustainable 
biomass sources. However, it has been reported that the major share of biomass energy is supplied from rice straw, rice 
husk, rice bran, wheat straw, jute stalk, sugarcane baggage, sugarcane molasses, straw from mustard seeds, coconut husk, 
coconut shell, lentil straw, fuelwood, leaves and twigs as well as from animal dung (Islam et al. 2006; BBS 2010a; Mondal 
and Denich 2010).  

In this context, assessment of the biomass resources is very important in Bangladesh. About 77% of the total 
populations live in rural areas, where availability of an affordable energy supply is an important component in the 
upliftment of the quality of life. However, there is a scarcity of energy supply of the rural economy and for satisfying the 
energy demand the most promising alternative is extraction of energy from biomass (LGED and FAO 2006). Both crop 
residues and wood fuels could offer a wide range of raw fuels as well as improved fuels such as briquette, pellet specially 
for household cooking and rural industries (Sattar 1996). Consequently, resource assessment is pre-requisite to know in 
which degree of extent bioenergy could contribute in meeting the rural energy demand for increasing population of the 
country. The study is important to policy makers, scientific communities, bioenergy entrepreneurs and other stakeholders 
for promotion of future bioenergy development in Bangladesh. The main objective of this study is to make an overview of 
bioenergy potentials from major agricultural crops residues and wood fuels in Bangladesh. Four scenarios i.e. a benchmark 
scenario and three alternation scenarios are developed to project the bioenergy potential up to the year 2020. Needless to say 
that GDP (gross domestic production) growth is greatly variable since economic conditions vary, sometimes drastically over 
time. Therefore, bioenergy estimation reported here does take into account economic criteria, and allow for the possibility 
of changing with economic conditions in the future. Furthermore, in this study the bioenergy potential is considered as the 
available potential that can be harvested easily without any technical restrictions.   

 
MATERIALS AND METHODS 

 

Data sources 
 

Data for this study were collected through a field survey conducted in Bangladesh from August to September 2010. 
Production data of major agricultural crops such as rice, jute, wheat, sugarcane, mustard, coconut and lentil during the 
period of 1990 to 2009 were collected from several publications of the Bangladesh Bureau of Statistics (BBS 2010a; BBS 
2010b; BBS 2009a; 2009b). The FAO (Food and Agricultural Organization of the United Nations) database (www.fao.org) 
were explored for gathering the data concerning forest products such as sawlogs and veneerlogs, plywood and split logs 
(sometimes called other industrial roundwood logs), pulpwood and particleboard, and fuelwood (FAO FAOSTAT Statistics 
Database 2009). 

 

Overview of residues and bioenergy potential 
 

Crop residues represent the non-edible plant parts which are left in the field after harvest and/or remain as bi-
products after crop processing e.g. extraction or milling (Bernard and Prieur 2007). Crop residues are generated by 
agriculture production. The wood fuels are mainly consisted of wood residues and fuelwood. The wood residues are 
generated from wood-processing industries such as sawmill and wood manufacturing industries for finished timber log, 
plywood, pulp and particleboard; while fuelwood is generally collected either from homestead forests and/or from 
government forests. It should be noted that the information provided here, only showed the gross amount of residues which 
are generated in theory and also considered as net available for energy potential. Fuelwood is primary product and therefore, 
energy potential from fuelwood depends directly on production systems. However, the term bioenergy potential is classified 
into different categories, namely theoretical potential, available potential, technical potential, economic potential, 
economical-ecological potential and ecological potential (Voivontas et al. 1998; Edward el al. 2006). Basically, available 
potential is a part of the theoretical potential, which refers to the energy available for extraction in a defined region without 
consideration of technical restrictions (Edward et al. 2006; Mondal and Denich 2010).  
 

Estimation of bioenergy from crop residues 
 

Crop residues are the most comprehensive and most readily available sources of energy for domestic use in rural 
areas of Bangladesh. In terms of production, the major agricultural crops of the country are rice, jute, wheat, sugarcane, 
mustard, coconut and lentil. These crops generate large amount of residues while processing. The available residues were 
identified as rice straw, rice husk, and rice bran from paddy; wheat straw from wheat crop; jute stalk from jute crop; 
sugarcane bagasse and molasses from trimmed sugarcane; mustard straw from mustard seed crop; coconut shell and coconut 
husk from coconut fruit; and lentil straw from lentil crops. The quantities of residues have been estimated by applying a 
residual factor and a corresponding utilization coefficient to crop yield from several studies (Baqui 1997; Talukdar and 
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Shirazi 1997; Biswas and Khan 2000; Hossain et al. 1994; Mondal and Wahhab 2001; Zaman 2006; Ali 2010). The 
percentages of fractions of the selected agricultural crops are summarized in Table 1.  
 

Table 1 Percentages of fractions (main product and residues) of selected agricultural crops 
 

Crop Fractions Amount of Fractions (% ) 
Ricea Straw 50.00 
 Grain (main product) 25.00 
 Milled rice 17.00 
 Husk 6.00 
 Bran 2.00 
Wheatb Straw 65.00 
 Grain(main product) 35.00 
Jutec Stalk 59.84 
 Fibre(main product) 26.25 
 Leaves 13.91 
Sugarcaned(trimmed) Water 47.50 
 Bagasse 36.00 
 Sugar(main product) 8.13 
 Molasses 3.72 
 Filtercake 3.59 
 Lossess 1.06 
Mustarde Straw 75.00 
 Grain(main product) 25.00 
Coconutf Husk 31.00 
 Shell 24.40 
 Water 23.10 
 Copra (main product) 21.50 
Lentilg Straw 72.46 
 Grain(main product) 27.54 

 

Source: aBaqui (1997); bTalukdar and Shirazi (1997); cBiswas and Khan (2000); dHossain et al. (1994); eMondal and Wahhab (2001); 
fZaman (2006); gAli (2010)  
 

The availability of residues was not directly measured, but it was evaluated on the basis of the estimation of 
residue and product ratio (ratio between the yields of residues and crop) and on the removal rates (Hoogwijk et al. 2003; 
Simon et al. 2010). For each crop, a residual factor determines the ratio between the amount of the crop residue and the 
main product or crop yield. In a second step, an availability fraction determines the amount of residue that was considered 
potentially available for utilization. It is assumed that 50% of rice crop residues and 20% of non-rice crop (wheat, jute, 
sugarcane, mustard, coconut and lentil) residues were used for non-energy purposes which were cross checked through 
farmer’s opinion. The calculated residues were subsequently subtracted in a semi-quantitative manner with a number of 
reduction factors directly or indirectly related to non-energy purposes uses such as animal feeding, thatching of roof, 
fencing, mulching, fertilizer etc. The reduction factors which were successively applied may vary with crop types, the 
environment (in terms of climate, soil and terrain conditions) and assumptions on level of inputs/management. 
Notwithstanding, 50% of rice crop residues and 80% of non-rice crop residues were considered available as recoverable 
amount of residues that could be used for bioenergy production without any technical restriction as well as any adverse 
effects on the future yields. For more information please see (Koopmans and Koppejan 1997; Jölli and Giljum 2005; 
Mondal and Denich 2010). In the third step, the available recoverable residues were converted into energy units GJ per 
metric ton (t). Each crop residues and their energy content were estimated separately. The energy content at LHV (lower 
heating value) of different crops residues is shown in Table 2. In this analysis, the energy content of rice bran and lentil 
straw were adjusted with the energy content of agricultural crop residues as 13 GJ/t (BBS 1998). 

  

Table 2 Energy values of selected agricultural crop residues 
 

Crop residues Energy value (GJ/t) 
Rice strawa 12.24 
Rice huska 12.76 
Jute sticka 12.76 
Wheat strawb 16.87 
Sugarcane bagassec 14.50 
Molassesc 25.10 
Mustard strawd                                                                   16.00 
Coconut huskd 14.50 
Coconut shelld 15.00 

Source: aBBS (1998); bEusuf et al. (1987): cHossain et al. (1994); dZaman (2006)  
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Estimation of bioenergy from forest products 
 

Forest products of Bangladesh are mainly consisted of timber logs and fuelwood. The timber logs are generally 
transported to sawmill and/or other secondary wood processing industries. However, wood fuels from forest products are 
categorized into two types. First, the wood residues that are generated during the processing of timber logs into sawlogs, 
veneerlogs, plywood and other split logs, pulpwood and particleboard. Second, the fuelwood that is generally collected 
directly from the homestead and/or government forests. Wood residues may appear to be an attractive fuel sources, but 
collection and transportation costs must be taken into consideration. Most of sawmills and other secondary wood processing 
industries have lower operation capacity. However, sources and types of wood residues/fuels are shown in Table 3. 

 

Table 3 Sources and types of wood residues/fuel 
 

Source Types of residues/fuel 
Sawlogs and veneerlogs Bark, sawdust, trimmings, slabs and edgings, planer shavings, split wood, veneer waste 
Plywood and other industrial 
roundwood logs 

Bark, core, saw dust, rejected plywood, veneer clippings and waste, panel trim, sanderdust  

Pulpwood and particleboard Bark, screening fines, panel trim, sawdust, sanderdust 
Fuelwood Stem, branch, foliage and root 

Source: FAO 1993; Satter 1996; Koopmans and Koppejan 1997 
 

Further a residual factor determines the ratio between the wood residues and the main finished wood product. 
About 45-55% of timber logs taken to sawmill or plywood factories become waste (FAO 1992). The actual quantities of 
residues differs from plant to plant and depend on several factors such as tree species, age, rotation, type of operation, 
maintenance, wood properties etc (FAO 1993). In this analysis, 43% of log input for sawlogs and veneer logs, 47% log 
input for plywood and split logs, and 5% of logs input for pulp and particle board were considered as wood residues. The 
fractions of different wood products are shown in Table 4. The recoverable quantities of wood residues as well as fuelwood 
were then multiply with a common wood density factor 0.57 while converted them in measuring unit m3 (cubic meter) to t 
(metric ton). The arithmatic mean and most common wood density value (tons/m3) for tropical tree species in tropical Asia 
has reported as 0.57 tons/m3 (FAO 2001). The available recoverable amount of wood residues and fuelwood were converted 
into available energy unit GJ/t. In this analysis, the energy content of all wood residues and fuelwood at LHV was 
considered as 15 GJ/t. 

    

Table 4 Amount of fractions (main product and residues) of different wood products 
  

Wood Product Fractions Amount of Fractions (% ) 
Sawlog and Veneerlog Finished product 50.00 
 Residuals 43.00 
 Lossess  7.00 
Plywood and other industrial roundwood Finished product 47.00 
 Residuals 45.00 
 Losses 8.00 
Pulpwood and particle board Finished product 90.00 
 Residues 5.00 
 Losses 5.00 
Fuelwood Product as fuel 100.00 

Source: FAO (1993); Koopmans and Koppejan (1998) 
 
Projection of future bioenergy potential 
 

The projections of bioenergy potential from the selected agricultural crops and forest products have been constructed 
throughout the year 2020. There are altogether four scenarios constructed in this study, a ‘status quo’ benchmark or trend 
scenario, and three alternative scenarios. The estimation under the benchmark is consistent with the existing trend of land 
utilization patterns and yield systems. The other indicators such as land-use changes, cropping patterns, soil fertility, fertilizers, 
irrigation, labor, capital input, soil erosion, weather, technological input, management and other such orientations were not 
considered in this estimation. Instead, it was assumed that the current growth rate of all crops and primary forest products 
would be balanced and would remain unchanged over the period up to 2020. This prediction scenario is only based on the 
present growth level and did not follow the IIASA’s Basic Linked System (BLS), which is used for analyzing the agricultural 
scenario of overall economic and agricultural development (Fischer and Schrattenholzer 2001). Under the benchmark, the 
projection of bioenergy potential from selected crops residues and wood fuels were derived based on the average annual 
growth of each individual crop and forest product from the year 1990 to 2009.  

The three alternative scenarios (scenario 1, scenario 2, and scenario 3) are based on government directive 
programmes, existing technologies, effective protection, management and development plan. The scenario 1 is based on 
average GDP (gross domestic products) growth of crop and forestry sub-sectors (both are under agriculture sector) from the 
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year 1999 to 2009. The scenario 2 and scenario 3 are based on expected moderate and higher GDP growth respectively in 
agriculture sector on accordance of the Bangladesh Government’s MDGs (Millennium Development Goals). The MDGs 
were formulated to address the underlying issues of pro-poor growth from the year 2000 to 2015 together with consideration 
of further population growth (GoB and UN 2005). In this study, the expected moderate and higher growth rate in agriculture 
sector of the MDGs were used to predict bioenergy potential up to the year 2020. In fact, the agriculture sector plays an 
important role for overall GDP growth in Bangladesh economy and the share is over 16% (BBS 2010a). Nevertheless, the 
basis of estimation of future bioenergy prediction scenarios is summarized in Table 5. 
 

Table 5 Basis of estimation of future bioenergy prediction scenarios 
 

Scenario Basis of estimation 
Benchmark Average growth of  individual crop and forest product of the years 1990 to 2009 
Scenario 1 Average sub-sectoral GDP growth of last 10 years (1999 to 2009). The average real GDP growth was 

5.82% , where crop and forestry sub-sectors average GDP growth were 3.63 and 4.98% respectively  
Scenario 2 Bangladesh Government Millennium Development Goals: Expected moderate GDP growth rate 6.1% 

where the growth of agriculture sector (crop and forestry sub-sectors) is 3.5% 
Scenario 3 Bangladesh Government Millennium Development Goals. Expected higher GDP growth rate 7.3% 

where the growth of agriculture sector (crop and forestry sub-sectors) is 4.5% 
 

RESULTS 
 

Bioenergy from crop residues 
 

Crops residues such as rice straw, rice husk, and rice bran from paddy, wheat straw, jute stalk, sugarcane bagasse, 
sugarcane molasses, mustard straw, coconut husk, coconut shell, and lentil straw form the major part of the total crop 
biomass and are generally use for both energy and non-energy purposes. Crop residues are the major sources of supplying 
bioenergy in Bangladesh. The total estimated gross production of crop residues in 2009 was 79.19 million tons of which 
41.56 million tons were available for energy use. The estimated amount of gross and net available residues for energy use of 
selected crops and their energy content are shown in Table 6. 

 

Table 6 Bioenergy potential from selected crops residues and wood fuels 
 

Biomass 
 

Gross residues 
production (million 

ton) 

Net available for energy use 
(million ton) 

Energy content 
(MGJ) 

Rice straw 62.63 31.32 383.32 
Rice husk 7.52 3.76 47.95 
Rice bran 2.51 1.25 16.28 
Total from rice crop 72.66 36.33 447.55 
Wheat straw 1.58 1.26 21.28 
Jute stalk 1.94 1.55 19.76 
Sugarcane bagasse 1.88 1.51 21.85 
Sugarcane molasses 0.2 0.15 3.91 
Total from sugarcane 2.08 1.66 25.76 
Mustard straw 0.61 0.49 7.8 
Coconut husk 0.09 0.08 1.14 
Coconut shell 0.07 0.06 0.93 
Total from coconut 0.16 0.14 2.07 
Lentils straw 0.16 0.13 1.67 
Total from non-rice crop  6.53 5.23 78.34 
Total from all crops 79.19 41.56 525.89 
Sawlog and veneerlog 0.09 0.09 1.49 
Plywood and split logs 0.05 0.05 0.77 
Pulpwood and particles 0.01 0.01 0.15 
Total from wood residues 0.15 0.15 2.41 
Fuelwood 15.59 15.59 233.92 
Total from wood fuels 15.74 15.74 236.33 
Grand total of all crops and 
wood fuels 

94.93 57.3 762.22 

 
Bangladesh is among the top five rice producing countries in the world (FAOSTAT 2008). Rice is the main crop of 

the country in terms of arable area and production. The production of rice increased 17.7 million tons in 1990 to 31.3 
million tons in 2009 and the average annual growth rate was about 3.17%. The increase was due to increase the demand of 
rice as well as increase of rice market price. However, the residues of paddy are rice straw, rice husk, and rice bran. Rice 
straw constitutes the single largest potential bioenergy source of all crop residues. The production of rice straw for 
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bioenergy potential increased from 17.71 million tons in 1990 to 31.32 million tons in 2009. The estimated energy potential 
from rice straw is approximately 383.32 MGJ (million giga joules) in 2009. Rice straw is by far the most important 
agricultural residues accounting for 79.09% in total gross crop residues production, 75.36% of net available crop residues 
for energy potential, and 72.89% in total bioenergy potential from all selected crops. Rice husk is another significant source 
of supplying bioenergy in the country. The production of gross and net amount of rice husk was 7.52 million tons and 3.76 
million tons respectively in 2009 and the energy potential is approximately 47.95 MGJ. Rice husk contributes about 9.12% 
net energy potential from all crop residues.  Rice bran which is often called defatted rice is mainly used as fuel by rural 
households. The net available rice bran for bioenergy potential was about 1.25 million tons in 2009 and the net energy 
potential is approximately 16.28 MGJ. However, residues from rice crop   form the dominant source of non-wood bioenergy 
supply of the country. Rice crop residues account about 91.75% of gross biomass production and 87.42% of net residues 
production for energy use from all selected crops. The bioenergy potential from rice crop residues was estimated 
approximately 447.55 MGJ, which constitutes 85.10% of the total energy potential of all the selected crops residues.     

Wheat ranks second in importance among cereal crops (FAOSTAT 2008). Until the end of 1990s the production of 
wheat was considerably high but subsequently the production decreased due to the changing of cropping patterns and 
increase of wheat imports. The peak production of wheat was reached at 1.9 million tons in 1999. The average annual 
growth rate of this cereal was only 0.6%. The recoverable quantities of wheat straw for energy potential were about 1.26 
million tons in 2009 and the estimated energy potential was approximately 21.28 MGJ. Wheat straw accounts for about 
4.05% in total energy potential of all crop residues. 

Bangladesh is the second largest jute fibre producer of the world (FAOSTAT 2008). Jute grows mostly in plain 
areas and it is mostly concentrated in central, northwestern and southwestern parts of the country. Jute is one of the main 
cash crops in Bangladesh but the growth is not so attractive. During 1990 to 2009 the average annual growth rate was only 
0.9%.  Jute stalk from jute crop is one of the most popular biomass fuels among the rural dwellers. The available amount of 
jute stalk for bioenergy potential was estimated at 1.55 million tons in 2009 and the energy potential was about 19.76 MGJ. 
Jute stalk accounts about 3. 76% in total estimated energy potential of all selected crop residues. 

Sugarcane is another important cash crop mostly grows in the low rainfall belt of the northwest and southwest parts 
of Bangladesh. Bangladesh is one of the top 30 sugar crops producers in the world (FAOSTAT 2008). In the recent years, 
the production of sugarcane has considerably decreased at a rate of 1.6% annually due to lack of patronizing of the farmers 
and abatement of incentives. The production fall 7.4 million tons in 1990 to 5.2 million tons in 2009. Sugarcane bagasse and 
molasses are two important residues and bi-product that could use for energy purposes. The recoverable amount of 
sugarcane bagasse and molasses for bioenergy potential were about 1.51 and 0.15 million tons respectively in 2009. The 
energy potential from sugarcane bagasse and molasses was about 21.85 MGJ and 3.91 MGJ respectively. Sugarcane 
bagasse and molasses altogether amounted 4.89% of the total energy potential of all selected crop residues. 

Bangladesh is one of the leading oilseed producing countries in the world. Mustard is the main cultivable edible 
oilseed crop grows in the central, western and northern parts of the country during winter. During 1990 to 2009 mustard 
crop production has decreased at 0.14% annually. The production of mustard oilseed dropped from 0.22 million tons in 
1990 to 0.20 million tons in 2009. The estimated recoverable quantities of mustard straw for energy potential was only 
about 0.49 million tons and the energy potential is approximately 7.8 MGJ. Unlikely mustard, the coconut production had 
significantly increased at 81 thousand tons in 1990 to 316 thousand tons in 2009 and the average annual growth rate was 
10.3%. The remarkable growth was due to implementation of different coconut plantation projects after 1990s. 
Nevertheless, coconut is an important nut crop in Bangladesh and used for various purposes such as fruit, edible oil, 
cosmetics, pharmaceuticals, energy, and environmental protection. Coconut palm remains productive up to 50 years or even 
more, and has remarkable ability to stand against cyclones, providing shelter millions of homes on the coastal belts. It is 
mainly grown on homestead in almost all parts of the country but intensively cultivate in the southern coastal regions. 
Coconut palms generate fuel in the form of wood, fronds, husk and shells. The recoverable amounts of coconut husk and 
coconut shell for bioenergy were only 0.08 and 0.06 million tons respectively in 2009. Although the bioenergy potentials 
from coconut fruit residues are not high but the fronds of this plant are frequently used as biomass fuels by rural dwellers 
especially for households cooking.   

Lentil is one of the most popular food legumes in Bangladesh, ranks first position in respect of consumers’ 
preference. Lentil is cultivated as a single crop or occasionally mixed crop during winter. It grows all over the country but 
mainly concentrated within the Gangetic river floodplains of the northern and southern districts of the country. In the recent 
years, lentil production has drastically decreased.  The production declined to 155 thousand tons in 1990 to only 61 
thousand tons in 2009 and the rate of decrease was about 4.2% annually. The recoverable quantities of lentil straw for 
energy potential were only 0.13 million tons in 2009 and the estimated energy potential was 1.67 MGJ. However, the gross 
and net available amount of residues from all non-rice crops amounted to 6.53 million tons and 5.23 million tons 
respectively in 2009. The bioenergy potential from all non-rice crops residues amounted to a total 78.32 MGJ.  
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Bioenergy from wood fuels 
 

Bangladesh has very limited forest resources. Village forests are the main suppliers of timber logs, and fuelwood in 
the country. The estimated amount of wood residues from different types of timber logs i.e. sawlogs and veneerlogs, 
plywood and split logs, pulpwood and particle board, and production of fuelwood in 2009 and their energy content are 
shown in Table 6. However, the production of sawlogs and veneer logs considerably dropped from 2.4 million m3 in 1990 to 
1.7 million m3 in 2009 and the average rate of decrease was about 0.76% annually. The recoverable amount of wood 
residues from sawlogs and veneerlogs was only 0.09 million tons in 2009 and the energy potential was approximately 1.49 
MGJ. Likewise sawlogs and veneerlogs, the production of plywood and other split logs has drastically decreased 
particularly since the year 2003. The production fell from 329000 m3 in 1990 to only 90000 m3 in 2009 and the average rate 
of decrease was 0.23% annually. The amount of residues from plywood and other split logs was only 0.05 million tons and 
the energy potential was about 0.77 MGJ. However, the availability of wood for pulp and particle board has also 
dramatically decreased from 69000 m3 in 1990 to 18000 m3 in 2009 and the rate of decrease was 5.15% annually. Very little 
amount of wood residues are available from wood for pulp and particles. The seizeable residues from pulp and particles was 
only 0.01 million tons and the energy potential was only 0.15 MGJ. The bioenergy potential from wood residues is not high 
but it has significant importance to different level of consumers in urban area. Nevertheless, fuelwood is the major sources 
of supplying wood energy in the country. Since 1990 the fuelwood production was remained unchanged and the production 
was 15.59 million tons in 2009. The estimated energy potential from fuelwood was approximately of 233.92 MGJ annually, 
which constituted over 99% in total wood energy potential of the country. 
 

Predicting bioenergy production in Bangladesh 
 

Bioenergy potential from selected agricultural crops residues (rice crop residues, non-rice crop residues, and all 
selected crops residues basis) and wood fuels up to 2020 under benchmark and three alternative scenarios are illustrated in 
Figure 1 to Figure 4. The details of bioenergy production scenarios of the selected crops residues and wood fuels are given 
in Table 7. Under the benchmark, the bioenergy potential from rice crop residues may increase from 447.55 MGJ in 2009 to 
630.86 MGJ by the year 2020 and the change is 40.96% higher than that of the 2009 level. No remarkable change seems to 
happen in energy potential from non-rice crop residues except for coconut where the potential may increase about 173.43% 
higher than the 2009 level. However, this change will not make any effect on total energy potential from non-rice crop 
residues since the share of bioenergy from coconut residues is very small. The share of bioenergy from sugarcane residues 
and lentil straw may decrease if no measures are taken to increase the production. Under this scenario, the bioenergy 
potential of non-rice crop residues is expected to reach at 80.41 MGJ by the year 2020. Unlike crop residues, there will be 
no changes in bioenergy potential from wood fuels instead the potential may decrease at nearly 1% annually from the 
current level. However, under the benchmark, the bioenergy potential from all selected crops and wood fuels may rise at 
711.27 MGJ and 234.34 MGJ respectively by the year 2020.  
 

Table 7 Bioenergy production scenarios of major agricultural crop residues and wood fuels (Energy potential in MGJ) 
                                                                                                                           

Biomass Benchmark Scenario 1 Scenario 2 Scenario 3 
Rice straw 540.32 567.42 559.64 622.07 
Rice husk 67.59 70.98 70.01 77.82 
Rice bran 22.95 24.11 23.78 26.43 
Total from rice crop 630.86 662.51 653.43 726.32 
Wheat straw 22.6 31.5 31.07 34.53 
Jute stalk 21.99 29.24 28.84 32.06 
Sugarcane bagasse 18.18 32.35 31.9 35.46 
Sugarcane molasses 3.25 5.79 5.71 6.34 
Total from sugarcane 21.43 38.14 37.61 41.8 
Mustard straw 7.68 11.54 11.38 12.65 
Coconut husk 3.12 1.68 1.66 1.84 
Coconut shell 2.54 1.37 1.35 1.51 
Total from coconut 5.66 3.05 3.01 3.35 
Lentils straw 1.05 2.47 2.44 2.72 
Total from non-rice crop  80.41 115.94 114.35 127.11 
Total from all crops 711.27 778.45 767.78 853.43 
Sawlog and veneerlog 1.37 2.54 2.17 2.4 
Plywood and split logs 0.75 1.31 1.12 1.3 
Pulpwood and particles 0.09 0.26 0.22 0.2 
Total from wood residues 2.21 4.11 3.51 3.35 
Fuelwood 232.13 399.25 341.52 379.6 
Total from wood fuels 234.34 403.36 345.03 382.95 
Grand total from all crops and wood fuels 945.61 1181.81 1112.81 1236.38 
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In scenario 1, the bioenergy potential of rice crop residues is expected to grow at 662.51 MGJ whereas the bioenergy 
potential from non-rice crop residues could be 115.94 MGJ.  Nevertheless, the bioenergy potential from all crops residues may 
produce approximately 778.45 MGJ, which accounts 48.03% and 12.37% higher than present and benchmark level 
respectively. In this scenario, remarkable change may occur in wood fuel production where bioenergy potential may reach at 
403.36 MGJ, which is about 70.68% higher than the 2009 level and 71.52% higher than the benchmark level. Under this 
scenario the bioenergy potential from wood fuels seems to be overestimated or may be subjected with over exploitation of the 
existing forest resources if there no large afforestation programmes were taken place according to the government directives.  

The analysis showed that there are not many differences in bioenergy potentialities from crops residues between 
scenario 1 and scenario 2. Under scenario 2, the energy potential from selected crops residues is approximately 767.78 
MGJ, which is about 2% less than that of scenario 1. Similar trends may be observed in case of wood fuels where the 
potential may reach at 345.03 MGJ which is about 24.68% less than that of scenario 1. The scenario 2 provided lower 
bioenergy potential for both crop residues and wood fuels because of lower GDP growth rate. Here the net change of 
bioenergy potential for both crop residues and wood fuels is 46% higher than that of 2009 level but in comparison to the 
benchmark, the changes of being higher about 10.74% for crop residues and 46.84% for wood fuels.  

Scenario 3 provided the optimistic growth in agriculture sector (crop and forestry sub sectors), resulting over 62% 
growth in bioenergy potential in comparison to the 2009 level. Under this scenario, the bioenergy potential from selected 
crops residues are expected to rise at 853.43 MGJ of which the share of rice crop residues is approximately 726.32 MGJ. 
Rice straw alone could represent the single largest source of crop bioenergy supply and the contribution could rise at 622.07 
MGJ annually. Nevertheless, under this scenario the bioenergy potential from wood fuels would be about 382.95 MGJ by 
the year 2020, which is 62.88% higher than benchmark level but about 8.64% lower than that the scenario 1. 

 
Figure 1 Estimated past and future bioenergy scenarios from rice crop residues 

 
Figure 2 Estimated past and future bioenergy scenarios from non- rice crop residues 
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Figure 3 Estimated past and future bioenergy scenarios from selected crop residues 

 

Figure 4 Estimated past and future bioenergy scenarios from wood fuels 
 

DISCUSSION 
 

Biomass is the major source of fuel in rural areas of Bangladesh. Major sources of biomass fuels in rural areas of the 
country include agricultural residues, wood fuels and animal dung. The study focused only to assess bioenergy potential from 
selected agricultural crop residues and wood fuels, and to predict their potentials up to 2020. For data sources, the crop 
production data were available at Bangladesh Bureau of Statistics but the forest products data of the country were not available. 
Only forest products data from government forest lands were available at the Bangladesh Bureau of Statistics and Bangladesh 
Forest Department Headquarter but these data do not represent the country’s production as a whole. Therefore, FAO database 
were explored for extracting the forest production data. However, both crops and forest products data were assessed to estimate 
potential bioenergy by applying appropriate methodologies. Similar types of approaches were also applied to assess bioenergy 
potentialities in other studies (Fischer and Schrattttenholzer 2001; Parikka 2004; Mondal et al. 2010).  

Generally, crop residues are distinguished as field residues and process residues. Field residues are residues that 
are left in the field after harvesting and typically used as fertilizer. Process residues are generated during crop processing 
and are available at central location. In this study, only process residues are considered for the energy estimation. However, 
in practice, field residues are often collected by the poor for household cooking purposes. Moreover, animal dung, bamboos, 
tree leaves, fronds of coconut, palm, and date trees as well as residues of other minor crops (Jashimuddin ete al. 2006; Miah 
et al. 2010) which are frequently used as fuel by the rural dwellers had not been considered for the estimation. All these 
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traditional fuels supply nearly 30% of the rural energy demand specially for cooking (FAO 1998; Miah et al. 2010). 
Therefore the estimated bioenergy potential may somewhat less than the real potential. The study used different residual 
coefficients for determining available residues for bioenergy potential, which are based on secondary sources. Residual 
coefficients and energy content may vary with variety of reasons such as species, growth, productivity, biomass density, 
moisture content etc. All these factors may attribute in estimating bioenergy potential. In addition, while estimating net 
available crop residues for bioenergy potential, the study rationally considered the coefficient of used (for non-energy 
purposes) and unused residues, which are supported by other studies (Koopmans and Koppejan 1997; Jölli and Giljum 
2005). Moreover, the proportion of the use of agricultural residues for non-energy purposes such as cow and other livestock 
feeding, thatching of roofs, fencing, mulching, and fertilizer were cross-checked by informal discussion with farmers since 
they are the producer as well as the end user of the biomass resources. However, the part of our estimated bioenergy 
potential from wood fuels may be affected by wood density factors.  FAO (2001) reported that the most common wood 
density value (tons/m3) for tropical tree species in tropical Asia range with 0.40 to 0.69 tons/m3 (common is 0.57 tons/m3). 
Therefore the wood density value was applied as 0.57 for the analysis. 

The study showed that bioenergy potential from rice residues had significantly increased as a result of steady 
increase of rice production since 1990 except in the year 2002 and 2005 where the production decreased compared to the 
previous year. In this study, the estimated bioenergy potential from rice residues is somewhat lower than the findings of 
Zaman (2006). The reason is the bioenergy potential from milled rice was not considered in this study. On the contrary, the 
bioenergy potential from rice straw is somewhat higher than the findings of Mondal and Denich (2010). This dissimilarity is 
mainly due to lower percentage of rice straw were considered for bioenergy potential in the previous study. They considered 
only 35% of rice straw for energy potential. While Koopmans and Koppejan (1997) stated that approximately 55% of all 
agricultural residues in Bangladesh were remained as unused. Jölli and Giljum (2005) reported that the amount of unused 
rice residues was approximately 50%. The use of rice residues for energy purposes include cooking, rice parboiling and 
jaggery making, and for non-energy purposes include cattle feeding, mulching and in lesser extent for thatching. This study 
considered the proportion of unused residues and used for energy purposes as bioenergy potential. However, it is reported 
that in each year a large portion of rice residues are remained unused (Koopmans and Koppejan 1997: Ahiduzzaman 2007). 
Therefore it is needed to properly estimate the surplus and waste of these resources for better utilization. 

Non-rice crop residues such as wheat straw, jute stalk, bagasse and molasses from sugarcane, mustard straw, husk 
and shell from coconut, and lentil straw are also significant sources of bioenergy supply of the country. Since 1990, the 
energy potential from all non-rice crop residues decreased significantly except from coconut residues. It has been reported 
that coconut production has significantly increased after 2004 (BBS 2010a). Coconut plant is a very promising tree to 
supply fuel in rural areas. About 12 to 14 fronds are shed per coconut plant per year, yielding about 2.5kg dry biomass per 
frond have been reported (Koopmans and Koppejan 1997). However, no available information on wood and fronds of 
coconut plant that use as fuel, therefore, the study estimated bioenergy potential from coconut fruit only, which represent a 
small portion of bioenergy potential of this plant. The study showed that the bioenergy potential from jute stalk was not high 
because of stagnant production of jute crop in the recent years. But it is speculated that the recent invention of jute genome 
by the domestic scientists as well as rejuvenated governmental support may increase remarkably the jute production in the 
near future (The Daily Star 2010). Nevertheless, the bioenergy potential from of all non-rice crop residues are somewhat 
corroborated with the findings of Zaman (2006) and Mondal and Denich (2010). The major differences with Zaman (2006) 
study are that he considered all products as energy sources. For examples, he considered leaves of jute, leaves and tops of 
sugarcane as energy potential while this study kept them out from the estimation. Mondal and Denich (2010) considered 
40% of residue generations from non-rice crop were available for gasification based electricity production while the present 
study considered 80% of the residues for all types (traditional and conventional) energy sources. However, our results 
regarding the bioenergy potential from non-rice crop residues are supported by the findings of Jölli and Giljum (2005) 
where the unused amount of non-rice crop residues varies from 80-90%. Thus, results from Zaman (2006) and Mondal and 
Denich (2010) studies may not directly be comparable with the findings of the present study. each year 

The concurrent analysis showed that the production of timber logs for sawlogs and veneer logs, plywood and other 
split logs, pulpwood and particles, as well as the production of fuelwood were significantly decreased in the recent years. 
FAO (2000) reported that the production of timber and fuelwood had fallen by more than 50% after the felling ban in 1989. 
FDH and Islam (1998) mentioned that due to deforestation and forest degradation, the availability of wood fuels is 
becoming scarce. The conversion of forest land for agriculture and other non-forestry purposes, rapid population growth, 
uncontrolled and wasteful logging, failure of existing legislation for implementation, and inappropriate forest management 
are reported the major causes of deforestation and degradation of forest resources of the country (FDH and Islam 1998; 
FAO 2000). Nevertheless, the latest National Forest and Tree Resources Assessment (BFD, BSRRSO, FAO 2007) showed 
that the average gross growing stock in all land use classes is 14 m3/ha and the total gross growing stock 212 million m3. 
Different inventories showed that the average annual tree biomass growth of the country is approximately 2 m3/ha (MoEF 
1992, FAO 2001, FAO 2006). Taking into account of this rate of growth, the country’s annual tree biomass growth is 
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approximately 29 million m3 which supported our data. However, our study showed that the bioenergy potential from wood 
fuels is not much and the share is less than half of the crop residues. Satter (1998) reported that the contribution of 
agricultural crop residues in national bioenergy consumption was about 46% while the contribution of wood fuels was 
approximately 17%. Nevertheless, in both cases, it is revealed that agricultural crop residues overwhelmingly dominate in 
bioenergy supply in the country. 

The study developed a ‘status quo’ benchmark and three alternative scenarios to predict the bioenergy potential up 
to 2020. There are various assumptions interrelated with each scenario and bioenergy estimation. For examples, 
uncertainties of land-use changes, copping patterns, willingness or unwillingness of farmers for crop production, patterns of 
biomass utilization, agriculture/forestry policy failure may have significant impact on bioenergy estimation in each scenario. 
Therefore, future bioenergy scenarios of this study might not be extremely accurate assumptions. The future bioenergy 
potential under benchmark is based on current growth level whereas the projections under the three alternative scenarios are 
based on the GDP growth. Among the alternative scenarios, scenario 2 appeared to be more realistic due to the modest 
growth rate. FAO and IMF reported that since 2000s it never achieved annual growth beyond 2% in forestry sector but in 
fact it had grown at around 4% annually during the 1990s (FAO 2000: IMF 2005). However, the scenario 3 gave the highest 
absolute contribution of bioenergy potential due to the high GDP growth rate, resulting from expected continuation of 
strategic policy framework implementations, and technological development. Readers interested in more details concerning 
strategic policy framework in agriculture and forestry are encouraged to refer to (IMF 2005)  and supporting publication 
(GoB and UN 2005) for more information on higher GDP growth.  

Nevertheless, the country could definitely accelerate the bioenergy potential through intensifying the major crops and 
expansion of forest resources. In addition, a possible utilization of agricultural crop residues especially rice straw and rice husk 
for densified biofuels i.e. briquette and/or pellet, which could improve the fuel quality and increase living standards. At the 
same time, unsustainable use of these residues for biofuel may put negative impact on soil decomposition and soil fertility 
ultimately threatens to the agriculture production system. In this context, it is imperative to augment the afforestation 
programme which could provide benefit in two ways. First, locally and nationally, this could help in reducing the energy 
deficiency. Secondly, internationally, it helps in keeping global carbon emission at a lower level. The major areas of 
intervention include intensifying the management of the existing forest resources and by enhancing the afforestation 
programme in forested, and other non-forested areas such as fallow land, marginal land and homestead with appropriate short 
and medium rotation tree species. There are 4.23 million ha of land is currently available which are not been used for either 
agriculture or forestry purposes (BBS 2010a). If those 4.23 million ha of land is brought under short rotation afforestation 
programme, then 42.3 million m3 (at a moderate growth rate of 10 m3/ha) of fuelwood will be annually added to the present 
production eventually the bioenergy potential from wood fuel may increase approximately 362 MGJ additionally.  

 
CONCLUSION AND RECOMMENDATION 

 
Residues from rice crop and fuelwood are major important bioenergy carrier contributing substantially.  Among 

the non-rice crop residues, the share of bioenergy potential from wheat straw, sugarcane bagasse and jute stalk are also 
considerable. However, bioenergy potential from timber log residues are not remarkable. The analysis of bioenergy 
scenarios revealed that bioenergy potential from selected crop residues is minimal at the benchmark level and it can be 
maximized when the sectoral GDP growth is expected to be 4.5% annually. On the other hand, the bioenergy potential from 
wood fuels are maximized at scenario 1. This indicates that the tree resources of the country are being exploited extremely 
and eventually leading to deterioration and degradation of the resources. However, there are some limitations of this study. 
For example, the study excluded many traditional biomass fuels for analysis, which need to be included when assessing the 
total bioenergy potential of the country. In addition, the use of crop residues for energy and non-energy purposes, trade off 
on farmer’s willingness or unwillingness to residues generation, consumption patterns of biomass fuels as well as other 
socio-environmental aspects (i.e. production of food versus energy) are not well studied. Therefore, further research is 
recommended.    
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