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Abstract: 

Pakistan produces a huge amount of biomass wastes such as rice straw (RS) and rice husk (RH), 

wheat straw (WS), and other biomass wastes that are being burned in the field after crop harvest 

to prepare the land for the next crop. Biomass is known as a potential energy source that can be 

effectively utilized as an alternative to fossil fuels. This study aims to assess the energy potential 

and gaseous pollutant emissions from rice residues such as RS and RH. The Energy potential of 

crop residues in Pakistan was estimated by considering the residual characteristics such as 

residue to crop product ratio, moisture level and lower heating value of dry biomass obtained 

from the South Asian countries. The mathematical models were defined for the assessment of 

amount of residues, available energy potential, and emissions of gaseous pollutants. The 

estimated amount of rice residues found to be 10147.65 thousand tons of dry biomass. The 

theoretical and available energy potential of the rice residues were estimated as 159219 TJ, and 

100,431 TJ, respectively. Based on dry matter fraction and proportion of crop residue burnt, the 

total amount of crop residue burnt for RS and RH were 1356.38 thousand tons and 307.7 

thousand tons respectively. Total emissions from burning of rice residues were estimated as 

1749.59, 27.639, 2.432, 1.265, 4.997, and 0.549 Gg for CO₂, CO, NO, NO₂, NOx, and SO₂, 

respectively.  It was concluded that the crop residues generated in Pakistan can be effectively 

utilized as an alternative energy source, to reduce electricity demand supply gap, reliance on 

fossils fuels, and lower contribution to global warming. 

Keywords: Rice Husk; Rice Straw; Energy Potential; Pollutant emissions; Crop residues. 

1 Introduction 

Pakistan is currently facing confronting 
industrial and economic challenges since 
couple of decades due to various factors such 
as energy crisis, rapid rising population, 
changing lifestyle of people [1][2]. Among 
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them, the energy crisis are caused by poor 
planning and mismanagement of energy sector 
in terms of poor market instruments, 
inefficient energy mix and higher transmission 
and distribution losses which has ultimately 
caused reduced employment and production of 
industries, and increased electricity prices [3]. 
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The electricity is mainly produced from 
conventional thermal resources sharing 58.4% 
followed by hydro 31%, nuclear 2.8 %, and 
other renewable sources 2.4% [4]. 

The thermal energy sources for electricity 
generation cannot be relied as primary energy 
sources due to their high prices and adverse 
environmental impacts [5]. 

 

 

Fig. 1.  Sources contribution in Electricity 

Generation [4] 

Utilization of fossil fuels for electricity 
generation has resulted greenhouse gases 
(GHGs) emissions into the environment [6].  
The major emissions are sulphur oxides (SOx), 
sulphur dioxide (SO₂), and nitrogen oxides 
(NOx), carbon dioxide (CO₂), carbon mono 
oxide (CO) and particulate matters (PM) 
[7][8]. The overall emissions in Pakistan are 
estimated to increase in future from 557 
Million tons CO₂ equivalent (Mt CO₂-eq) in 
2020 to 4621 Mt CO₂-eq in 2050 as shown in 
Fig. 2 [9]. The trend of utilizing biomass as a 
potential source has been increasing 
throughout the world because of certain 
advantages such as abundant availability, 
lower environmental impacts through modern 
biomass conversion technologies, increased 
energy security and supply, development of 
rural areas and job opportunities. Biomass is 
more economical in comparison with other 
renewable energy sources because of less 
capital and investment cost per unit of 
production [10]. Pakistan is still inefficient to 
implement advanced technologies for efficient 
utilization of alternative renewable energy 
resources. However, some of the renewable 
energy projects are installed such as biomass 

[11], Solar [12], Wind [13]. The different 
energy sources and their conversion routes are 
presented in the Fig. 2 [14].  

Pakistan is an agrarian country in which 
the contribution of agriculture sector in 
country’s Gross Domestic Product (GDP) is 
21%. The major crops are rice, sugarcane, 
wheat, cotton, and maize producing waste in 
the form of straw and husk, bagasse, wheat 
straw (WS), cotton straw and corn stover 
respectively [4]. 

 

Fig. 2.  Classification of energy resources [14] 

 Pakistan is an agrarian country in which 
the contribution of agriculture sector in 
country’s Gross Domestic Product (GDP) is 
21%. The major crops are rice, sugarcane, 
wheat, cotton and maize producing waste in 
the form of straw and husk, bagasse, wheat 
straw (WS), cotton straw and corn stover 
respectively [4]. Rice is considered as one of 
the most commonly produced and consumed 
grains in the world population. It is known as 
prominent staple food in many countries as it 
is rich in proteins, lipids, carbohydrates, phytic 
and phenolic acids, minerals, vitamins B and E 
[16].  

Agricultural residues are produced from 
harvesting and processing of crops and are 
categorized as primary and secondary 
residues. Primary residues such as RS, WS, 
and sugar cane tops are those residues which 
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are produced in the field when harvesting the 
crop, while secondary residues such as rice 
husk (RH), wheat husk (WH) and bagasse are 
produced at processing mills. Primary residues 
have lower availability because of difficulty in 
the collection, and farmers utilize as fertilizer, 
animal feed. Availability of secondary 
residues is comparatively high at the 
processing mills with little handling and 
transportation cost [18]. Being an agrarian 
country, Pakistan produces massive quantity 
of crop residues like stems, leaves, and seed 
pots that can be efficiently utilized as energy 
source. Huge amount of crop residues such as 
RS, RH, WS, sunflower stems, garden 
biomass wastes, dates, mangoes, and orange 
tree biomass are burned in the field after crop 
harvest every year to prepare the land for next 
crop [19]. The amount of crop residue directly 
depends upon the crop production. The 
amount of crop residue generated directly 
depends upon the yield of crop. Rice crop has 
two main types of residues, the field residues 
such as RS and the process residues such as 
RH and bran. RS is dry stalks of cereal plants 
collected at the time of harvest in the field. RH 
is outer most layer of rice grain and is known 
as process residue. Rice bran is used as cattle, 
poultry and fish food [20][21]. RS is used as 
feedstock and bedding material for livestock, 
domestic fuel as well as building material in 
rural areas [22]. The burning of crop residues 
is a common activity in developing countries 
because of unawareness of benefits related to 
its alternative uses as an energy source 
[23][24]. Crop and agricultural residues are 
being used as domestic fuels for heating and 
cooking purpose since ancient times. Almost 
half of the people in the world especially in 
developing countries are utilizing the 
agricultural and crop residues as a primary 
energy source and are known as fourth major 
energy source after coal, gas and oil [25]. After 
harvesting rice crop, the farmers usually burn 
residues because they believe that it has 
advantageous effects on crop yields [26][27]. 
Many studies proposed that burning rice 
residues have positive as well as negative 
effects on the soil quality. Burning increases 
the availability of phosphorous and potassium 
nutrients for short time [28]. According to [29] 

burning rice residues in the field enhance the 
crop productivity for the next crop season. 
Some researchers have found negative effects 
of residues burning such as [30] and [31], 
according to them burning causes loss of plant 
nutrients such as nitrogen, potash and sulphur 
and microbial population and organic carbon 
is reduced. On the other hand, some practices 
alternative to burning of crop residues such as 
(1) recycling of residue in the soil through 
incorporation, surface retention to improve 
soil’s physio-chemical and biological 
properties [32]. (2) Animal feed [36], (3) 
mushroom cultivation or bioenergy production 
[34]. (4) For cooking and lighting purpose 
[35]. Burning RS has many negative impacts, 
producing smoke, gaseous and particulate 
emissions (PM 10, PM 2.5, NOx, SO₂) in the 
atmosphere which ultimately affects health of 
population and climate [36][37]. 

 

Fig. 3.  Open field burning of rice straw [38] 

 

Fig. 4.  Rice husk used in brick manufacturing 

industries [40] 

RH is supplied to brick manufacturing 
industries where it is being burned, which 
causes release of CO₂ and methane into 
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atmosphere which takes part in greenhouse 
effect and poor air quality. The amount of CO₂ 
released from burning depends upon the 
amount of RH burned and its carbon fraction 
[39]. 

The burning of rice residues has also 
adverse environmental impacts in terms of air 
pollution and climate change. Incomplete 
combustion of agricultural residues produces 
emissions of toxic air pollutants and 
greenhouse gases, black carbon which is a 
second largest source of global warming 
contribution after carbon dioxide. It captures 
radiations and warms the atmosphere and 
ultimately enhances glacier melting 
[26][41][24].  

RH generated in the mill is partly used for 
heating purposes. Surplus amount of RH is 
supplied to brick manufacturing industries. 
RH is also agricultural waste generated after 
paddy rice milling. It is often used as fuel for 
green technology. RH is used in boilers to 
produce steams, in brick kilns to fire clay 
bricks, in boilers for rice processing industry, 
where RH have gone through self-burning 
process [42].  

Limited studies have been conducted in 
Pakistan for the estimation of rice residues 
without taken into account the variation of 
residual characteristics such as residue to crop 
product ratio, lower heating values, 
availability factor and relative moisture 
content.  

There have been many studies related to 
the utilization of rice residues as energy 
source. [1] Estimated that 17.86 million tons 
of RS from the rice crop are produced. [43] 
concluded that RH based electricity generation 
is more economically and environmentally 
viable compared to coal-based electricity 
generation. [44] estimated that RS and husk 
generated in the Punjab province of India 
contributed 33.43% of total residue potential. 
[45] have estimated that Bangladesh produces 
enormous amount of rice residues such as RS 
and husk. The available energy potential from 
rice residues was estimated to be 425.324 PJ 
during the year 2015-16. [39] estimated that 
annually 1328 GWh electricity can be 

generated from the available quantity of RH in 
Pakistan and 36,042 tons of CO₂ equivalent 
(tCO₂-eq) per year of methane can be avoided 
by utilizing RH instead of conventional fossil 
fuels.  [46] have studied biomass residues as 
potential energy source of electricity 
generation in Punjab province of Pakistan. It is 
concluded that lot of potential is available to 
generate electricity of 1700 MW. [47] studied 
that the open field burning of RS release CO₂ 
and methane which contributes global 
warming. They have concluded that RS can be 
utilized for electricity generation through 
efficient conversion technologies. [48] have 
estimated that total residue potential from 
arable field crops and horticulture crops were 
59.432 million tons, and 15.652 million tons, 
respectively. The available energy potential 
from arable field crops was 298,955 TJ and 
from horticultural crops was 65,491 TJ. [49] 
studied the resource potential of agricultural 
and animals waste for the generation of 
electricity and greenhouse gases mitigation 
potential. It was estimated that annual 
potential of 62,808 GWh from the total waste 
can be generated which accounts 27% of the 
total electricity consumption in the country. 
Moreover, the mitigation of greenhouse gases 
emissions from the biomass wasted based 
electricity generation were about 4,096 
thousand t CO₂ per year. [50] studied 
agricultural crop residues as renewable energy 
source in Pakistan. A model based on 
MATLAB was developed to estimate the 
existing and future accessibility of the selected 
biomass residues as an energy source. They 
have estimated that 11000 MW electricity can 
be produced from the selected crop residues. 
Forecast shows that the plant capacity can be 
increased up to 16,000 MW by the year 2035. 
[51] studied the availability of RH for the 
generation of electricity in Bangladesh. They 
have proposed that RH is a viable option for 
the electricity generation in the country. [52] 
conducted experimental work on the open 
field burning of RS. They have found that the 
percentage of CO₂, CO, and NOx to the total 
emissions were 15.3%, 13.9%, and 31.4% 
respectively.  

The purpose of this study was to assess the 
potential of rice residues as an energy source 
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and to estimate the gaseous pollutant 
emissions like CO, CO₂, NO, NO₂, NOx, and 
SO₂ caused by open field burning of rice 
residues. In this study we have estimated the 
potential of rice residues as dry mass, 
theoretical and available energy potential by 
taking into account the residual characteristics 
from the previous studies conducted in South 
Asian countries such as Pakistan, India, 
Bangladesh, Sri Lanka, and Afghanistan and 
limit values have been estimated. 

2 Methodology 

In order to estimate the residue potential, 
the first stage is to get primary input data 
relevant to rice crop production for the 
estimation of amount of available residue and 
energy potential from the crop residues. In the 
next step, biomass crop residues such as RS 
and RH is estimated from the annual crop 
production by considering residue to crop 
product ratio (RPR) and moisture level (M).  

 

 

Fig. 5.  Flow diagram for assessing the energy and emissions reduction potential from rice 

residues 

The energy potential from the crop residue 
can be estimated by considering energy 
content value and availability factor of the 
particular residue. The amount of emissions 
from open field burning of residues is 
estimated by considering open field burning of 
the particular residue, emissions factors of 
particular gaseous pollutants and dry matter 

content. The methodology flow diagram is 
presented in the Fig. 5. 

2.1 Rice Crop Production 

According to Pakistan Economic Survey 
Report 2020, rice crop area was increased by 
8% to 3.034 million hectares during 2019-20, 
therefore, the production increased by 2.9% to 
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7.410 million tons compared to previous year 
2018-19. Paddy rice production data in 
Pakistan from 2012-13 to 2019-20 is taken 
from Pakistan Economic survey reports 
[4][54] and is presented in Table 1.  

TABLE I.  PADDY RICE PRODUCTION IN PAKISTAN 

[4] 

Year Potential of Paddy 

(Thousand Tons) 

2012-13 5536 

2013-14 6798 

2014-15 7003 

2015-16 6801 

2016-17 6849 

2017-18 7450 

2018-19 7202 

2019-20 7410 

Average 6881 

For the estimation of energy potential and 
gaseous pollutant emissions, the average value 
of the crop production was 6881 thousand tons 
which is considered as input data in order to 
reduce the yearly crop yield fluctuations.  

2.2 Characterization of Rice Crop 

Residues  

The evaluation of biomass characteristics 
is an important step for the assessment of 
energy potential through the conversion 
process prior to it utilization. The properties of 
biomass change rapidly with certain factors 
such as climatic conditions and seasonal 
variations which affect the thermal 
decomposition behavior, the product yield and 
quality [55].  Literature shows that there is 
considerable difference in characteristics and 
quantity of the crop residues depends upon 
many factors such as local climate conditions, 
difference in agricultural practices, crop 
production, crop type and varies from region 
to region [46][48][50][56]. Hence, the residual 
characteristics of biomass vary region to 
region. In this study, residual characteristics 
like residue crop production ratio (RPR), 
moisture level (M) and lower heating value 
(LHV) of dry biomass residues were taken into 
account from different studies in South Asian 
countries such as Pakistan, India, Bangladesh, 

Sri Lanka, and Afghanistan. The average 
values of residual properties were considered 
in order to reduce fluctuations in the data and 
results. The energy potential of rice residues 
was estimated by considering RPR, M, and 
LHV of dry matter of residues.  

Moisture level plays a pivotal role in 
selection of biomass to energy conversion 
process [57]. M content indicates the presence 
of water in biomass and is an important factor 
for conversion of biomass feedstock to energy. 
High M decreases the heating value of the 
feedstock due to mass of water [19]. 
Therefore, the energy intensive drying process 
is required to reduce the M according to the 
conversion technology [58]. Residual 
characteristics values of rice straw and husk 
are presented in Table 3 and 4 respectively. It 
can be observed in the Table 3 and 4 that 
amount of residues generated from the crop 
production varies from region to region. For 
example, from Table 3, residue to crop ratio of 
RS ranges from 1 to 1.76 in different countries. 
The RPR of rice straw in Pakistan was given 
as 1. 1.5, 1.54, and 1.757. but these values 
were different for Bangladesh as 1.695 and 
1.76. for India and Afghansitan it was close to 
Pakistan that is 1.5, for Sri Lanka it was 1.76. 
moisture content values of rice straw in these 
countries were near to each other and varies 
from 7.43 to 12.7%. however lower heating 
values of moisture varied from 12.81 to 18.74 
MJ/kg. there were, 13.8, 17, and 18.74 MJ/kg 
for Pakistan. For India it was 15.03 and 15.54 
MJ/kg, for Afghanistan it was 12.81 MJ/kg, 
for Sri Lanka, it was 16 MJ/kg, and for 
Bangladesh it was 16.3 MJ/kg. 

TABLE II.  ELEMENTAL ANALYSIS OF RICE 

RESIDUES [39][56] 

Composition (%) Rice 

straw 

(RS) 

Rice 

husk 

(RH) 

Carbon  28.55 44.13 

Hydrogen  3.98 5.01 

Nitrogen  1.15 0.39 

Sulphur  0.61 0.07 

Oxygen 65.71 50.40 
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TABLE III.  CHARACTERISTICS OF RICE STRAW 

Characteristics Rice 

Straw  

Country 

Reference 

Residue Crop 

Ratio, (RPR) 

(1-

1.76)  

Pakistan-[18][50] 

[46][59][60][61] 

India-[62][44][22] 

Afghanistan- [20] 

[63]. 

Sri Lanka-[64] 

Bangladesh-[21] 

[45][65]. 

 

Lower 

Heating 

Value, (LHV) 

(MJ/kg) 

(12.81-

18.74) 

Pakistan- 

[50] [46] [60] 

[56]. 

India- [66] 

[62][44]. 

Afghanistan-[20]. 

Sri Lanka-[64]. 

Bangladesh- [21] 

[45].  

 

Moisture 

content, (M) 

(%) 

(7.43-

12.7) 

Pakistan-[59] 

[56]. 

Afghanistan-[20]. 

Sri Lanka-[64]. 

Bangladesh-[21]. 

India-[66]. 

2.3 Theoretical Residues Potential 

Theoretical rice residues (RH and RS) 
potential indicates the amount of residue j 
generated per year from the rice crop 
production. The amount of residues generated 
depends upon annual crop production, ratio of 
residue to crop product (RPR), and moisture 
level (M). Theoretical amount of residue j is 
estimated from the equation (1) by taking 
relevant data from Table 3, and 4. 

𝑇𝑅𝑃𝑗= Cp × 𝑅𝑃𝑅𝑗 × [
100−𝑀𝑗

100
] (1) 

 
Where, Cp is the annual amount of the crop 

production in thousand tons, RPR is the 
residue j to crop production ratio. Thus, 
RPR=1 indicates that, 1 ton of the crop residue 
is produced from the 1 tons of crop production. 
M indicates the relative moisture content (%) 
of residue j. 

Amount of residue generated depends 
upon the crop varieties, environmental factors 
region and agricultural practices of the 

concerned region. For example, RPR becomes 
1.75 when the rice crop is harvested at 5cm 
above the ground level. RPR could decrease to 
0.45, if the crop is cut by more than 5 cm above 
the ground [28][44]. The eight years average 
data related to the rice crop production from 
2012-13 to 2019-20 is taken from Pakistan 
Economic Survey reports in 2018-19 and 
2019-20 in order to reduce crop yield 
fluctuations per year. 

TABLE IV.   CHARACTERISTICS OF RICE HUSK 

Characteristic

s 

Rice 

Husk  

Country Reference  

Residue Crop 

Ratio, (RPR) 

(0.20- 

0.321)  

Pakistan- [18][50] 

[46][59][60][61][39

] 

India-[62][44][22] 

Afghanistan- 

[20][63]. 

Sri Lanka-[64] 

Bangladesh- 

[21][45] [65]. 

Lower 

Heating 

Value, (LHV) 

(MJ/kg) 

(13.48

-17) 

Pakistan- 

[50] [46] [60] [56]. 

India-[66] [62] 

[44]. 

Afghanistan-[20]. 

Sri Lanka-[64]. 

Bangladesh- [45]. 

Moisture 

content, (M) 

(%) 

(7.88-

12.4) 

Pakistan-[59] [56] 

[39]. 

Afghanistan-[20]. 

Sri Lanka-[64]. 

Bangladesh-[21]. 

India-[66]. 

2.4 Theoretical Energy Potential 

The theoretical or ideal energy potential 
represents the total amount of energy potential 
from the generated dry biomass residues and 
can be estimated by the following equation (2). 

𝑇𝐸𝑃𝑗= 𝑇𝑅𝑃𝑗 × 𝐿𝐻𝑉𝑗   (2) 

Where, LHV indicates lower heating 
value (MJ/kg) of particular residue j 

2.5 Available Energy Potential 

The available energy potential indicates 
the amount of energy that can be technically 
and economically generated from the crop 
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residues. Its value depends upon certain 
factors such as collection mechanism, 
characteristics of biomass and the conversion 
technology [44]. The theoretical energy 
potential is constraints by alternative uses of 
crop residues and agricultural practices of 
particular region [44]. Therefore, availability 
factor is incorporated in the following 
equation to estimate the available energy 
potential from the crop residues. 

𝐴𝐸𝑃𝑗= 𝑇𝐸𝑃𝑗  × 𝐴𝑗 (3) 

Where A is the availability of the residue j, 
which is 0.6 for RS and 0.8 for RH [45]. 

TABLE V.  RESIDUE PRODUCT RATIO, LHV, AND 

MOISTURE, OF RICE CROP RESIDUES. 

2.6 Estimation of total annual gases 

Emissions  

In order investigate/estimate the amount of 
gaseous emissions such as (CO, CO₂, NO, 
NO₂, NOx, and SO₂) caused by open field 
burning of rice RS and RH. The total amount 
of gaseous pollutant emissions can be 
estimated by the following Eq. (4). 

𝐸𝑖,𝑗 = 𝐶𝑗  × 𝐸𝐹𝑖,𝑗     (4) 

Where, E is total annual emissions (Gg) 
from the pollutant i emitted from the crop 
residue j. EF is the specific emission factor 
(g/kg) of pollutant i from burning of the 
residue j, and C is the total amount (kg) of 
burnt crop residue j. 

2.6.1 Estimation of crop residues burnt 

The crop residues burned in the field 
depends upon the amount of crop production, 
dry matter content, portion of the residue 
burned. The total amount of the crop residue 
burnt can be estimated by the following Eq. 
(5). 

𝐶𝑗 = 𝐶𝑝 × 𝑅𝑃𝑅𝑗 × 𝐷𝑗 × ∅𝑗  (5) 

Where, TRP is theoretical biomass 
potential (Thousand tons) of the residue j, ∅ is 
Crop residue j burnt (%) and D is dry matter 
content of residue j. Dry matter content for RH 
and straw is taken from [67] and proportion of 
burnt residue (%) is taken as 25% as estimated 
by [68]. 

 2.6.2 Emission Factors 

Emission factors are used to estimate and 
quantify the pollutant emissions from burning 
of biomass residues vary with time, space and 
largely depend upon type, quality and biomass 
fuel composition and climate and burning 
condition and onsite experiments such as 
indoor and in-field [69][24]. The mean values 
of emission factors of different gaseous 
pollutants from the open field burning of rice 
residues as estimated by [24] have presented in 
the Table 6. 

TABLE VI.  EMISSIONS FACTORS (EF) (G/KG) FOR 

GASEOUS POLLUTANTS [24]. 

Rice 

Residues 

Rice Straw Rice Husk 

CO₂ 1090.1 880.48 
CO 17.19 14.05 

NO 1.48 1.38 
NO₂ 0.89 0.19 

NOx 3.16 2.31 

SO₂ 0.38 0.11 

3 Results and Discussion 

The theoretical crop residues potential 
from RS and RH, the theoretical and available 
energy potential and total emissions of 
gaseous pollutants is estimated from RS and 
RH. 

3.1 Total Amount of Residues and Energy 

Potential 

The mean value eight years from 2012 to 
2020 of rice crop production is taken as 6881 
thousand tons in order to reduce yearly crop 
yield fluctuations. The total amount of rice 
residues obtained as dry substance and is 
estimated as 10,147.65 thousand tons.  The 
amount of RS produced is 8,540 thousand tons 

 Rice Straw Rice Husk 

Range Mean Range Mean 

RPR 1-1.76 1.38 0.20- 

0.321 

0.26 

M (%) 7.43-

12.7 

10.065 7.88-

12.4 

10.14 

LHV) 

(MJ/kg) 

12.81-

18.74 

15.775 13.48-

17 

15.24 



Assessment of Rice Residues as Potential Energy Source in Pakistan          (pp. 41 - 53) 

Sukkur IBA Journal of Emerging Technologies - SJET | Vol. 5 No. 1 January – June 2022 

49 

while the amount of RH generated is 1607.65 
thousand tons of dry mass. Theoretical energy 
potential was estimated as 159,219 TJ out of 
which 134,718.5 TJ was estimated from RS 
and 24,500.586 TJ from RH. 

The limit values of rice crop residues 
characteristics were considered, and 
maximum, minimum and average potential 
values were estimated as presented in Table 5. 
The residual properties of rice residues 
(residue crop ratio, lower heating value, and 
relative moisture content) values vary among 
the countries as shown in Table 3 and 4. 
Therefore, the estimated potential values from 
crop residues change within the limits. The 
location of the crop and its characteristics such 
as crop production and agricultural practices 
also affect the quantity of residues generated. 
As shown in Fig. 6, when estimating the 
energy potential of RS, the energy potential of 
81,600 TJ was obtained when the minimum 
values of properties such as ratio of residue to 
product, moisture level, and lower heating 
values were taken. Similarly, energy values of 
134,718.5 TJ and 198,129 TJ from RS were 
obtained when average and maximum limit 
values were considered respectively. 

 

Fig. 6.  Comparison of TEP of rice residues 

Fig. 7 shows total theoretical and available 
estimated potential from the crop residues in 
Pakistan. Potential values were estimated as 
minimum, maximum and average of residual 
characteristics. The total theoretical energy 

potential of the rice residues obtained from the 
rice crop production has minimum 98,692.64 
TJ, an average 159,219 TJ, and maximum of 
231,024 TJ. While the total available energy 
potential obtained from the rice residues were 
estimated as minimum 62,634 TJ, an average 
100,431 TJ, and maximum value of 145,193 
TJ. 

 

Fig. 7.  Total Theoretical and Available 

Energy Potential of Rice residues 

3.2 Estimation of gaseous Emissions 

The amount of gaseous pollutants such as 
CO, CO₂, NO, NO₂, NOx, and SO₂ emissions 
(Gg) from the rice residues open field burning 
are estimated by considering the proportion of 
residue burn, dry matter content, and specific 
emission factors of gaseous pollutants. Based 
on dry matter fraction and proportion of burnt 
crop residue, the total amount of burnt crop 
residue for RS and RH was 2017.85 thousand 
tons and 380 thousand tons respectively as 
presented in the Table 7. The amount of crop 
residue such as RS burnt is more than the RH. 
Because the yield value of RS is more.  

TABLE VII.  AMOUNT OF BURNT RESIDUES IN 

PAKISTAN 

Rice Residues Rice Straw Rice 

Husk 

RPR 1.38 0.26 

Amount of Crop 

residue (Th. Tons) 

9495.78 1789 

Dry matter content 

[70] 

0.85 0.85 
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Crop residue/dry 

matter burnt (%) 

[68] 

25 25 

Amount of Burnt 

Residue, 𝐶𝑗 (Th. 

Tons) 

2017.85 380 

Total amount of pollutant emissions (Gg) 
from rice residues for CO₂, CO, NO₂, NO, 
NOx, and SO₂ are presented in Fig. 10. Total 
pollutant emissions from rice residues were 
2534.58, 40.025, 3.51, 1.868, 7.254, and 0.808 
Gg for CO₂, CO, NO, NO₂, NOx, and SO₂ 
respectively. Total pollutant emissions from 
burning of RS were 2200 Gg for CO₂, 34.686 
Gg for CO, 2.986 Gg for NO, 1.796 Gg for 
NO₂, 6.376 Gg for NOx, and 0.766 Gg for SO₂. 
It can be observed from the Fig. 8 that the 
gaseous pollutants emissions from the burning 
of RS is more than the RH because of 
emissions factors of RS is higher than rice 
husk. 

 

Fig. 8.  Emissions from Rice straw and Rice 

husk 

4 Conclusion  

This study focuses on the exploitation of 

rice crop residues as an energy source and 

assessment of gaseous pollutants emissions 

caused by open field burning.  The average 

amount of rice residues is estimated to be 

10147.65 thousand tons that can be efficiently 

utilized to produce 159219 TJ of energy 

which is approximately 3803 kilo tons of oil 

equivalent (ktoe). If this amount of residues is 

properly utilized for electricity generation, 

44,229 GWh can be produced annually. The 

available energy potential is estimated as 

100,431TJ. This available energy potential is 

2398.75 ktoe. If the available amount of 

residues is efficiently utilized for electricity 

generation, an annual amount of 27,897GWh 

electricity could be produced.  Total 

emissions from burning of rice residues were 

1749.59, 27.639, 2.432, 1.265, 4.997, and 

0.549 Gg for CO₂, CO, NO, NO₂, NOx, and 

SO₂ respectively. Hence it is concluded that 

the crop residues generated in Pakistan can be 

effectively utilized as an alternative energy 

source, to reduce the demand supply gap, 

reduce reliance on fossil fuels and prevent 

environmental degradation.  

5 Recommendations 

There are certain issues related to 

utilization of crop residues as an energy 

source such as residues availability, 

agricultural practices, and unawareness about 

the efficient utilization of residues as 

alternative source of energy. Therefore, the 

Government of Pakistan should institute and 

implement proper policies and regulations 

among the public and private sectors to 

encourage renewable energy technologies by 

providing subsidies, incentives and reducing 

taxes, and creating awareness among the 

farmers about the utilization of crop residues 

as an alternative energy source.  
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