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Abstract: 
The study aims at assessing the availability of crop residues for energy production in lowland, hill and mountain districts of Nepal. 
Rice, wheat, maize, millet and barley are included in the study that is based upon two different household surveys: (i) interviews 
conducted in 240 households to obtain key information about practices of crop harvesting, (ii) determination of the quantity of the 
main crops, their residues and alternative uses of the latter conducted in 27 households. Apart from the foremost use as fodder, there 
are five major uses of crop residues: building material, burning on the field, mulching of the field, selling and energy generation. 
Despite the higher amount of crop residues in the lowland (954 kg dry matter per capita and year) than in the hill district (547 kg 
capita-1 yr-1), the amount of crop residues used for energy generation higher in the hill (207 kg capita-1 yr-1) than in the lowland district 
(152 kg capita-1 yr-1). In the mountain district, the crop residue production is 263 kg capita-1 yr-1, of which 26 kg capita-1 yr-1 are used 
for energy generation. The annual per capita energy equivalent from crop residues in the lowland, hills and mountains are 2.49 GJ, 
3.42 GJ and 0.44 GJ which represent 30%, 33% and 3%, respectively, of the total annual cooking energy consumption. 
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1 Introduction 
Crop residues are all non-edible parts of a crop remaining 
aboveground in different stages from harvesting until final 
processing, i.e., residues in the field and of processed parts 
[1,2]. For instance, rice straw is an example of field 
residues whereas rice husks are the residues obtained after 
processing. Depending on the harvesting method, there 
are different forms of field and processed-based residues.  

Presently, particularly in developing countries, a large part 
of the crop residues is either left in the field, which leads 
to carbon dioxide and methane emissions during 
decomposition, or they are burned in open areas with the 
release of gaseous emissions and carbon. Thus, both 
processes result in greenhouse gas (GHG) emissions [3]. 
From the perspective of soil nutrients and crop production, 
the decomposition of crop residues in the field has both 
positive and negative effects [4]. The positive effects are 
control of soil erosion, maintaining or increasing soil 
organic matter, improving water conservation and storage, 
adding to the pool of soil nutrients, and improving soil 
structure and crop yields [5,6]. Some researchers report 
that residues may have negative effects on crop 
production by increasing crop diseases [7,8] or the need 
for extra nitrogen fertilizers during the decomposition 
process due to their very often wide C/N ratio [9].  

To combat the overriding challenges of climate change 
and energy insecurity, crop residues are considered as one 
of the potential alternative sources to meet the increasing 
demand of fossil fuel [3]. Apart from occasional 
estimations as part of studies assessing the potential for 
better maintaining agro-ecosystems or the scope for 
biomass energy production, statistics on the production of 
crop residues do not exist [10]. This may be because of 
their versatile and random uses [1]. Different approaches 
are available on the estimation of the gross and technical 
potential of crop residues for energy uses [11]. These 
estimates are based on the data of crop production using 
the Residue to Product ratio (RPR) ( [12]. The ratio refers 
to the weight of the residues available after processing a 
harvested crop to the weight of grain obtained from the 
same process [13]. Koopmans and Koppejan [2] reviewed 
the literature on RPR values for various crops. Based on 
different studies in various regions of the world, RPR 
values are recommended. However, the estimated value 
cannot be converted fully to energy generation, as the 
residues are utilized for different purposes such as fodder, 
building material, mulching, etc. depending upon type of 
crop residues and geographical region. 

Many studies have evaluated the potential of the crop 
residues for energy generation at different scales ranging 
from local to global. Most of these studies are based on 
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individual fractions to be utilized for energy generation 
considering their competitive uses. Because of the 
variation in the quantity of crop residues as fodder, in their 
evaluation of biomass potential in Serbia, Ilić et al. [14] 
estimate a potential of 50% of total crop residues for 
energy generation in large farming systems, but only 20% 
in small farming systems. Wang and Mendelsohn [15] 
assume that 15% of the crop residues need to be left in the 
field for maintaining soil nutrient levels in China. 
Depending on soil texture, the minimum quantity of straw 
recommended for covering the soil ranges from 1 to 2 tons 
ha-1to protect it from wind and water erosion in Canada 
[16]. The variation of uses of crop residues depends upon 
the type of residue along with socio-economic, ecological 
and topographical characteristics of the study area.  

Nepal is a country dependent on agriculture, where more 
than 66% of the population are engaged in the agriculture 
sector, which contributes 33% of the gross domestic 
product [17]. The total arable area is 3.1 million ha (about 
20% of total land area) with a cropping intensity1 of 183% 
[18]. Agricultural practices are based on mixed crop-
livestock production systems where livestock provides 
manure, draught power, milk and meat whereas crops are 
the sources for food and fodder [19].These systems 
provide a considerable source of energy through direct 
burning of dung and crop residues in the fuelwood-
deficient lowland, whereas this is negligible in the hills 
and mountain areas due to the relatively higher abundance 
of fuelwood [20]. The proliferating dependency on 
imported fossil fuels in the country has raised serious 
concerns on finding alternative energy resources, and crop 
residues are being considered as one of the potential 
options. The annual production of cereal crop residues in 
Nepal for the period 2011/12 was estimated to be 24.2 
million tons of dry matter[21]. WECS [20] estimates the 
theoretical national energy potential of crop residues to be 
about 234 million GJ, which is around 61% of the total 
energy consumption of the country in 2008/09. 

No surveys exist on the potential uses of crop residues for 
energy generation in Nepal. It was revealed that one third 
(3.2 million tons) of total crop production of major crop 
residues are used as fuel [22]. The data base on the 
availability of crop residues is inadequate in the country 
[23]. Against this background, this study presents the 
analysis of the production and prevailing uses of crop 
residues to assess their potential for energy production. 
The five major cereal staple crops rice, maize, wheat, 
millet and barley are considered. 

 
1 Cropping intensity refers to the proportion of cultivated land that is harvested. With more than one crop cycle in the year on the same 
area, crop intensity exceeds 100%. [31] 

2 Materials and Methods 

2.1 Study areas 
Three different administrative districts were selected to 
represent the three main topographic regions of the 
country, the districts Bajhang, Lamjung and Morang 
represent mountains, hills and lowland, respectively 
(Figure 1). 

 
Figure 1: Map of Nepal showing the topographic regions 

and the study districts 

2.2 Cropping systems 
The agricultural lands in Nepal is generally characterized 
as ‘Bariland’ and ‘Khetland’, where ‘Bariland’ refers to 
non-irrigated rainfed terraces, and ‘Khetland’ to irrigated 
terraces. In general, upland rice, maize, wheat, millet and 
barley are grown in Bariland, whereas irrigated rice is 
mainly produced in Khetland. Furthermore, based on 
irrigation facility, Khetland may be either single or double 
irrigated. In double-irrigated Khetland rice is grown twice 
a year, one in the pre-monsoon and the other in the 
monsoon season [26,27]. 

Not only the crop yield but also the average size of 
cultivated land per holding is the highest in the lowland 
and the lowest in the mountain (Table 1). The share of rice 
is the highest in the lowland and hill districts and wheat in 
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the mountain district. As barley production in the lowland 
and hill districts are negligible, crop residues for barley 
are not considered in these districts. The evaluation of 
crop residues in this study is based on production details 
of Table 1.  

2.3 Data collection 
The household located at village/municipal ward2  of a 
district is the ultimate sampling unit. First, the hills and 
mountain districts were stratified in three altitudinal zones 
(500 -1000 m above sea level, 1000 – 2000 m and above 
2000 m) and the lowland district in urban and rural zones. 
The wards in the municipality were treated as ‘urban’, and 
the remaining wards as ‘rural’. The sample wards were 
then selected on the basis of probability proportional to 
size. Lists of all households were obtained from the ward 
offices and accordingly, 80 households from the sample 
wards in each district were selected on a random basis. 

Household surveys were conducted in the three districts in 
two different ways. First, a standard household 
questionnaire was used for primary data collection. The 
demography, energy consumption, cropping pattern along 
with their management throughout the year and alternative 
uses of crop residues are major information. Secondly, in 
nine households from each district surveys have been 
conducted during the time of crop harvesting for 
quantifying each cereal crop and their residues in the field. 
The households were requested to separate all crop 
residues collected from a predefined sample area and to 
process them as usual. The sample areas varied from 50-
100 m2. After crop processing, the grains and residues 
were weighed on an air-dry basis 25 to 30 days after 
harvesting based on which RPR values were calculated. 

2.4 Determination of energy potential 
The net potential of crop residues for energy production 
was evaluated by considering the quantity of crop residues 
used for burning in the field and prevailing uses of energy 
in the households. The unburned crop residues remaining 
in the field were not considered because of their essential 
role in maintaining soil nutrients (mulching) [28]. The 
quantity of crop residues for building material was 
evaluated on the basis of total quantity of material that was 
produced by crop residues in a year vis-à-vis the 
requirement of crop residues for the uses (mats, cushions, 
etc.). Because of the different energy-mix patterns in a 
household, it was difficult to quantify the amount of crop 
residues used for energy generation. Therefore, the annual 
energy consumption was estimated on the basis of the 
average daily weight of residues required for energy 
production. The quantity of livestock fodder was 
calculated by deducting the quantities used for building 
material and energy production from the total production. 
The information on the different uses of crop residues as 
obtained from the sample households was extrapolated to 
estimate each use of each crop residues at the district level. 

While applying the RPR in order to evaluate the quantity 
of crop residues, the weight measurement was associated 
with the corresponding values of moisture content taken 
on a dry basis mode after oven-drying in the laboratory in 
the. The moisture content of the residues was determined 
at 105°C.The average moisture content in three samples 
for each type of crop residue was considered as a basis for 
the analysis. A single representative RPR value (sample 
average) for a particular crop residue for all districts was 
used. The net heating values for the oven-dried crop 
residues were also determined. 

Table 1: Cereal crop cultivation in the study districts (number of holdings, area and yield; CBS 2014) 

Crops 
                    Lowland district            Hills district                     Mountain district 

No. of holdings Area (ha) Yield (kg/ha) No. of holdings Area (ha) Yield (kg/ha) No. of holdings Area (ha) Yield (kg/ha) 

Rice 126,891 100,911 3,550 31,143 10,150 2,356 31,550 5,890 1,959 

Maize 43,659 12,895 3,000 31,385 7,854 2,316 18,696 1,778 1,555 

Wheat 48,467 37,346 2,396 2,541 197 1,970 31,902 7,412 1,462 

Millet 3,300 881 1,200 23,145 3,393 1,037 12,908 891 951 

Barley - - -  - - 12,772 1,019 899 

 
2  The study was conducted prior to 20 Sep 2015, when the local governance in Nepal was based upon two tiers, with Village 
Development Committee (VDC)/Municipality as the lower and District Development Committee (DDC) as the higher. The municipality 
had the same function in urban areas as the VDC in rural areas. Wards are the smallest units of either of the cases of VDC or 
municipality.  
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3 Results and Discussion 
The main use of crop residues is as livestock fodder, 
where all households tend to maximize the utilization of 
crop residues because a fodder deficit generally exists in 
all regions of the Nepal [29]. The residues from the five 
cereal crops consist of dedicated fodder and non-dedicated 
fodder residues. The crop residues utilized for livestock 
fodder represent dedicated fodder whereas those residues 
not applicable for livestock fodder are non-dedicated 
fodder residues. Except for maize stalks and maize cobs, 
all crop residues are dedicated fodder residues. Maize 
cobs were used by all households entirely for energy 
production, whereas apart from energy production, maize 
stalks were also burned in the field. The use of crop 
residues for building material was mainly for roofing of 
houses or livestock stalls or for cushions of different sizes. 
The use of dedicated residues for energy production was 
only in the lowland district and then by most of the 
households there. 

3.1 Residue to product ratio and moisture 
content 

The residue to product ratios (RPR) obtained from the 
survey are presented in Table 2. 

Table 2: Residue to product ratios (RPR) for different 
crops (SD=standard deviation) 

Crop residues N Mean SD Min Max 

Rice husks 18 0.36 0.14 0.08 0.79 

Rice straw 18 1.97 0.57 1.08 3.33 

Wheat husks 11 0.82 0.17 0.55 1.21 

Wheat straw 11 1.46 0.39 0.98 2.12 

Maize stalks 11 2.12 0.45 1.63 3.11 

Maize cobs 11 0.28 0.05 0.18 0.37 

Maize ears 11 0.29 0.06 0.22 0.38 

Millet husks 11 0.14 0.04 0.06 0.23 

Millet straw 11 1.89 0.53 1.22 3.20 

Barley straw 9 1.52 0.43 1.01 2.11 

The following assumptions were made for the RPR 
analysis: 

• Wheat husks refer to the mixture with the top parts of 
the straw, as this was the common method to provide 
fodder.  

• Maize stalks did not include the top leaves, as these 
were immediately fed to the livestock as a green 
fodder during harvesting. 

3.2 Crop residues as building material  
Among various residues, the rice straw, wheat straw and 
barley straw were utilized for building material at 
household level (Table 3). 

Table 3: Straw used for building material, kg DM hh-1yr-1 
(n = 9, the values in parentheses are standard deviations; 

DM=dry matter) 

Type of straw Lowland  Hills  Mountain 
Rice 115 (29) 118 (43) 69 (23) 

Wheat 127 (33) 85 (33) 20 (6) 

Barley 5.5 (2.4) - - 

3.3  Crop residues as energy uses 
The energy uses for non-dedicated fodder residue is 
simply estimated on the basis of total production of 
residues. 

Table 4: Use of dedicated fodder residues for energy 
production in the lowland district (Values in parentheses 

are standard deviations) 

Residue type 
Energy production 

N Weight (kg DM hh-1 yr-1) 

Rice straw 9 232 (119) 

Rice husks 9 9 (4) 

Wheat straw 9 55 (20) 

Wheat husks 9 33 (15) 

As observed, the use of dedicated fodder residues for 
energy production only takes place in the lowland (Table 
4). Because millet is only cultivated in the northern (hilly) 
part of the lowland district where there is a relatively 
better source of fuelwood, energy production from millet 
residues does not take place. Rice and wheat residues are 
extensively used by a large number of households in the 
southern part of the lowland. As obvious, the greater 
production of rice leads to greater use of their straw for 
energy production as compared to that of wheat.  

3.4 Quantification of crop residues for 
various uses 

The annual availability of different crop residues for 
various uses was estimated based on the overall crop 
production in each district (Table 1). The available 
amount of five major cereal crop residues in the lowland, 
hill and mountain districts was 877,820 t, 92,030 t and 
51,810 t, respectively, of which the percentages of crop 
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residues for energy generation were 16 %, 38 % and 10 % 
in the lowland, hill and mountain districts, respectively 
(Table 5). 

Table 5: Weight of available crop residues (t DM district-1 
yr-1) in the study districts 

Residue 
type 

Total 
production 

Energy 
potential 

Building 
material 

Livestock 
fodder 

Lowland 
Rice husks 107,910 11,730 0 96,180 
Rice straw 528,230 49,560 15,847 462,823 
Maize stalks 53,010 53,010 0 0 
Maize husks 8,300 0 0 8,300 
Maize cobs 8,100 8,100 0 0 
Wheat husks 63,320 6,880 0 56,440 
Wheat straw 107,200 11,570 4,288 91,342 
Millet husks 120 0 0 120 
Millet straw 1,630 0 0 1,630 
Total 877,820 140,850 20,135 716,835 
Hill 
Rice husks 7,960 0 0 7,960 
Rice straw 37,770 0 4,910 32,860 
Maize stalks 30,100 30,100 0 0 
Maize husks 4,870 0 0 4,870 
Maize cobs 4,750 4,750 0 0 
Wheat husks 280 0 0 280 
Wheat straw 470 0 71 399 
Millet husks 430 0 0 430 
Millet straw 5,400 0 0 5,400 
Total 92,030 34,850 4,981 52,199 
Mountain 
Rice husks 3,830 0 0 3,830 
Rice straw 18,220 0 3,827 14,393 
Maize stalks 4,570 4,570 0 0 
Maize husks 730 0 0 730 
Maize cobs 720 720 0 0 
Wheat husks 8,040 0 0 8,040 
Wheat straw 13,190 0 4,221 8,969 
Millet husks 90 0 0 90 
Millet straw 1,290 0 0 1,290 
Barely straw 1,130 0 170 960 
Total 51,810 5,290 8,218 38,302 

Non-dedicated fodder residues in the hill and mountain 
districts are not used for cooking regular meals; rather the 

 
3 The estimation is based on national annual production data of rice (5,047,047 t), maize (2,283,222 t), wheat (1,893,482 t), millet 
(304,105 t) and barley (34,824 t) as obtained from [30]. 
4 1 kg crop residues = 0.4 kg fuelwood = 0.017 kg LPG [30] 

households use them for fodder preparation, which 
generally takes place outside the house. Based on the net 
calorific value, the annual energy potential of all crop 
residues for the three districts was estimated (Table 6). 

Table 6: Annual energy production potential of crop 
residues (TJ yr-1) in the study districts 

Crop 
residue 

Net calorific 
value (MJ kg-1) 

Lowl
and Hill Mou

ntain 

Rice husks 16.57 195 0.00 0.00 

Rice straw 15.80 783 0.00 0.00 

Maize stalks 15.44 818 465 71 

Maize cobs 15.57 126 74 11 

Wheat husks 17.46 120 0 0 

Wheat straw 17.46 202 0 0 

Annual potential 2,244 539 82 

In per capita basis, the hill district shows the highest 
potential of crop residues for energy production due to the 
higher per capita production of maize (Table 7). As the 
maize stalks and cobs are non-dedicated fodder residues, 
they can be fully utilized for energy production. In the 
present context, although all maize cobs were utilized for 
energy production at the household level, this was not the 
case for maize stalks. Even the full utilization of crop 
residues in the region with the highest production of crop 
residues (hill district) contributes to only 31 % of the total 
energy consumption (Table 7), and the contribution is 
negligible in the mountain district. 

On the national level, only about 26 % of crop residue 
production was found to have potential for energy 
generation 3 , which contradicts the earlier national 
assumption of 50 % [20]. At present, the utilization of crop 
residues has the potential to replace 1.6 million t of 
fuelwood, which is equivalent to 28 % of the LPG 
consumption in 2014/154.   

4 Conclusions and Recommendations 
The investigation of crop residues for energy production 
is critical to reduce the prevailing overexploitation 
especially of fuelwood in the hills and mountains where 
the use of crop residues is negligible. As the households 
in the lowland already consume all types of crop residues 
for energy production because of the fuelwood deficit 
there, the assessment of the use of crop residues for energy 
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Table 7: Annual per capita energy supply potential of crop residues in the study districts 

District Population Energy consumption  
(GJ capita-1 yr-1) * 

Crops residue supply 

Energy potential  
(GJ capita-1 yr-1) 

% share potential of total  
energy consumption 

Lowland 964,553 8.21 2.32 28 

Hill 167,771 10.34 3.21 31 

Mountain 195,207 11.78 0.41 3 

*Retrieved from [30] 

production is extremely important in order to examine the 
possible consequences of other uses mainly for fodder. As 
this study evaluates the potential of crop residues for 
energy production by considering their different other 
uses under pragmatic conditions, the results are pertinent 
for further considerations. Crop residues in the hills have 
a potential to contribute significantly to total energy 
consumption whereas the contribution in the mountains is 
negligible.  

The current trend of inefficient utilization of crop residues 
by direct burning for energy production needs to be 
modified by the introduction of modern and efficient 
technologies. Of various technologies, briquetting might 
be a promising energy technology for households. Given 
the significant potential energy contribution of crop 
residues in the hills, the local-level awareness and 
incentives programs for energy use of crop residues could 
reduce overexploitation of fuelwood. In the mountains, 
herbaceous materials and dung for energy production 
should be investigated to compensate the lower 
production of crop residues there. 
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