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Abstract: Approximately 39 million tons of rice straw are burnt
annually by Indian farmers, as there is no economically viable
alternative for its waste disposal. Due to its low bulk density and
high volume, the fastest, easiest, and most cost-effective solution is
to simply burn it. However, as this causes large emissions of
greenhouse gases (methane and nitrous oxide), rice straw burning
is an extremely dangerous procedure. Not only does it pollute the
environment- giving rise to smog in urban settlements- and cause
global warming, but it also induces respiratory illnesses such as
bronchitis and asthma. For these reasons, the Indian government
had made it illegal to burn rice straw (and other residues).
Farmers face the threat of fines and “red entries”- marks on their
records that make it difficult to get loans or subsidiaries.
According to government regulations, deploying combine
harvesters without the installation of the Super Straw
Management System (SMS). These rules are difficult to adhere to
for small farmers with less capital as they cannot afford the SMS.
Hence, we propose a different solution. Using rice straw to make
pulp (which is further bleached to make paper), farmers have a
convenient method of waste disposal, as well as, an additional
source of income. The procedure detailed in this paper uses easily
accessible materials and requires minimal effort.
Keywords: Methane, nitrous oxide, rice straw, global warming,
respiratory illness, bronchitis, asthma.

1. Introduction
Annually, 104.8 million tons of rice are grown in India.
Approximately 23% of all agricultural residue in India is rice
straw.[1] Farming requires approximately 43.86 million
hectares of land, 90% of which is owned by Marginal, Small,
or medium farmers (based on land ownership). This contributes
to the relatively low production value of 2390 kg/ha of Indian
paddy farming. Compared to countries such as China which
boasts productivity of 6710 kg/ha or Vietnam with 5573 kg/ha,
India is far behind ineffective utilization of land and
technology. [2]
A prevalent and harmful procedure used by Indian paddy
farmers is rice straw burning. During the harvesting process, the
rice grains are separated from the rice straw. This leaves the rice
straw either scattered on the field or piled up, depending on the
method of harvest (manual or machine). The ratio of the waste
rice straw to the actually valuable rice grain can be as high as
1.4: 1 for certain varieties of rice.[3] On average, this equates
to the formation of 1.5 tons of rice straw for every 1 ton of
rice.[4]
*Corresponding author: sarthakpanwar03@gmail.com

Rice straw has a low bulk density which can range from
162.0 kg/m3 to 194.5 kg/m3. The bulk density of rice straw is
always lower than that of rice husk, which can range from 331.6
kg/m3 to 380.5 kg/m3.[5] This makes the transportation and
storage of rice straw expensive as it occupies a lot of
volumes.[6] Rice straw is also highly resistant to decay due to
a high silicon dioxide content [7]. The chemical composition of
rice straw is 10% to 17% ash, which is basically comprised of
silica (SO2) as ash is 75% silica.[8] Due to these reasons, rice
straw is also not a viable option for feedstock. Another possible
option could have been the usage of rice straw as a potential
biofuel. However, due to its low calorific value (the HHV of
rice straw is just found in the ranges of 14.08 to 15.09 MJ kg−1)
and its volatile nature, rice straw does not make great fuel
without extensive pre-treatment which is very costintensive.[9] Hence, the most common method to get rid of this
residue is via burning.
The burning of rice straw has many harmful effects on the
environment. This can most clearly be seen by the rise of air
pollution during the burning season. In India, a total of 352
Mega tonnes of stubble is produced, 34% of which is rice
straw.[10] The burning season is October-November, its
hazardous effects can be seen through satellite imagery which
can monitor the Atmospheric Brown Cloud or the AQI index.
Delhi NCR is a landlocked city (bordered by the small
Aravalli Mountain range, which is surrounded by the
agricultural states of Punjab and Haryana. The effect of rice
straw burning can be seen as the AQI of Delhi severely shoots
up. The average AQI, as measured from the first of January to
the 4th of November, had been 195 in the year 2019.[11] This
value is considered “unhealthy” by the AQI Index.[12]
However, during the burning season, this value rose to a peak
of 487 in Delhi.[13] For values of 301 and above, the air quality
is “hazardous”.
The effect of stubble burning is also visible from space.
NASA’s Aqua satellite passed over the Indo-Gangetic Plain
(focusing on Punjab and Haryana) on 4th November 2010, its
MODIS sensor (Moderate Resolution Imaging Spectrometer)
observed “numerous small fires and a large smoke plume
lingering downwards”.[14] More recently on November 5th,
2015, the Suomi NPP satellite passed over the region of Punjab
and used the VIIRS (Visible Infrared Imaging Radiometer
Suite) to monitor the widespread locations where active burning

S. Panwar et al.

International Journal of Research in Engineering, Science and Management, VOL. 5, NO. 6, JUNE 2022

of stubble was taking place. [15] The image is given below,
with the red spots marking the fire.

Fig. 1. Stubble burning

The haze caused by the burning of rice straw is actually
photochemical smog. Along with greenhouse gases such as
nitrogen oxides (NOx), methane (CH4), sulfur oxides (SOx),
and carbon oxides (CO and CO2), it also releases VOCs
(Volatile Organic Compounds).[16] Just 1 ton of rice straw
releases 3.2 kgs of non-methane hydrocarbons.[17] These
hydrocarbons can potentially react with NO2 (in sunlight) to
form ozonean oxidant.[18] This makes it even more dangerous. Stubble
burning is the primary cause of hydrocarbons in the air. In the
Sacramento Valley Air Basin in October 1975, 38.7% of the
hydrocarbons present in the air were found to have been
released from the burning of stubble. [19]
There are more subtle and long-term effects of burning rice
straw. The burning releases heat into the soil; burning a field
with 8 to 9 tons of rice straw per hectare can raise the soil
temperature up to 630 degrees Celsius.[9] While the soil does
not burn, this leads to tremendous damage as the microbes in
the soil cannot withstand the high temperature and die.
Open-air burning is considered to be the major practice for
the removal of rice straw. This, in turn, pollutes the air resulting
in asthma, bronchitis, and cancer.
Recent studies have shown that air pollution (caused by the
burning of rice straw) plays a role in the exacerbation of asthma.
In 2000, a study conducted in Japan linked the increase in
asthma attacks in children when the rice straw is burnt [20].
Open-air burning of rice straw results in incomplete
combustion which in turn releases harmful gasses into the
atmosphere like carbon monoxide (CO), volatile organic
compounds (VOC), and carcinogenic polycyclic aromatic
hydrocarbons [21]-[23]. The VOCs emitted cause eye, nose,
and throat irritation, shortness of breath, headaches, fatigue,
nausea, dizziness, and skin problems. VOC are considered to be
carcinogenic and may cause cancer [24], [25].
VOCs, especially formaldehyde, are released by the burning
of rice straw. The International Agency for Research on Cancer
concluded that formaldehyde was a carcinogen in 2006.[26]
Rats and mice were shown to develop nasal squamous cell
carcinomas due to the inhalation of formaldehyde and in
humans a strong correlation between exposure to formaldehyde
and developing site-specific respiratory neoplasms.[27]
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Furthermore, the incomplete combustion caused by the openair burning of rice straw can also cause cancer due to the
emissions of carbon monoxide and carcinogenic hydrocarbons
[28]. The harmful particles released are trapped inside the lungs
which can cause cancer, disorders, and even death in certain
extreme cases. Exposure to these toxic gases for a long period
of time can cause cardiovascular mortality.
It was observed that “Rice Millers’ Syndrome” among the
rice mill workers in Malaysia exhibited clinical, hematological,
and radiological findings [29]. In 2016, a test showed a
stagnation of pulmonary functions and some respiratory
morbidities [30]. Acute bronchitis and possibly other
respiratory diseases can be caused by the emission of small
particles which are released when agricultural residue is burnt
[31].
Many documents reported that the disclosure of dust from the
rice straw burning can result in pulmonary fibrosis [32]. The
respiratory morbidity of rice mill workers was very high it was
documented that 40.73% had obstructive and restrictive
respiratory morbidity [33]. The way to do this is simply to
download the template and replace (copy-paste) the content
with your own material.
2. Materials and Method
A. Materials
All chemicals used during the experiment were procured
from the laboratory at DPS International, Saket.

S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Table 1
Materials
Materials
Rice Straw
Beaker
Forceps
Filter Paper
Measuring Cylinder
White Tile
Funnel
Distilled Water
Ruler
Water Bath
Stopwatch
weighing scale
Hydrochloric Acid

B. Method
The process of making pulp from the rice straw followed six
simple steps. First, we started by taking 40 rice straw pieces and
cutting them into 10 cm each. We then rinsed the rice straw with
distilled water. Next, after drying the rice straw we crushed and
ground it in order to convert it into small pieces and powder.
We then used different concentrations of Hydrochloric acid
and Sodium Hydroxide acid (0.5mol/dm 3, 1.0mol/dm3,
1.5mol/dm3) and poured a fixed amount of volume (110cm3)
using a measuring cylinder into the beaker containing the
crushed rice straw (The volume of acid remains constant
throughout the experiment). Then we left the rice straw in the
water bath for 1 hour at a temperature of 90 C (The temperature
is kept constant throughout the experiment). After leaving the
mixture of rice straw and the acid for one hour we filter the
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mixture in order to separate the rice straw from the acid using
filter paper, a funnel, and a beaker.
Following this we removed the rice straw which gets stuck to
the filter paper after filtration on a white tile using forceps. We
then shaped the pulp created into a rectangle and left it out under
the sun to dry. We followed these steps in order to make pulp
which could be used further to make paper.
Table 2
Experimental values
Acid Used:
Hydrochloric Acid
Temperature: 90 C
(HCl)
Initial Concentration:
Total Time Taken: 60 minutes/1 hour
1.5 mol/dm3
The volume of HCl: 150 cm3
Initial Weight/grams
Final Weight/
Weight of Rice Straw/
grams
grams
98.74
100.72
1.98

The temperature, weight of the rice straw, and the volume of
hydrochloric acid were kept constant throughout the
experiment. The same acid was used and the experiment was
repeated three times for accurate results.

Fig. 5.

3. Conclusion
Burning Rice Straw has been a significant problem in many
places, especially in India. Rice Straw burning contributes to
global warming and produces smog, making it a health hazard.
As it can cause many respiratory diseases such as bronchitis and
asthma. This paper provides a simple solution to the problem
by converting this residue (rice straw) into paper and thus
saving resources. Overall, the pulp created from the experiment
can be bleached to create a paper that is non-toxic, beneficial to
the environment, and relatively cheap to produce. We hope to
see more ideas in the field to improve the product by using the
latest technology and a good investment.
References
[1]

Fig. 2.

Fig. 3.

Fig. 4.

S. Soam, P. Borjesson, P. K. Sharma, R. P. Gupta, D. K. Tuli, and R.
Kumar, “Life cycle assessment of rice straw utilization practices in India,”
Bioresource Technology, vol. 228, pp. 89–98, 2017.
[2] K. L. Kadam, L. H. Forrest and W. A. Jacobson, “Rice Straw as a
Lignocellulosic Resource: Collection, Processing, Transportation, and
Environmental Aspects,” Biomass and Bioenergy, vol. 18, no. 5, 2000,
pp. 369-389.
[3] Kargbo F, Xing J, Zhang Y Property analysis and pretreatment of rice
straw for energy use in grain drying: a review. Agric Biol J N Am (2010)
1(3):195–200.
[4] Tavel, P. 2007 Modeling and Simulation Design. AK Peters Ltd.
[5] Zhang Y, Ghaly AE, Li B. Physical properties of rice residues as affected
by variety and climatic and cultivation onditions in three continents. Am
J Appl Sci. 2012;9(11):1757-68.
[6] Natarajan, E., Nordin, A., and Rao, AN. An overview of combustion and
gasification of rice husk in fluidize bed reactor, Journal of biomass and
bioenergy. 1998 vol 14. pp: 533–546.
[7] Richard L. Nelson, Peter Thor, Christine R. Heaton. Rice straw burning:
Alternative policy implications,”, California Agriculture, February 1980.
[8] Kargbo F, Xing J, Zhang Y (2010) Property analysis and pretreatment of
rice straw for energy use in grain drying: a review. Agric Biol J N Am
1(3):195–200.
[9] Spector, A. Z. 1989. Achieving application requirements. In Distributed
Systems.
[10] Hung NV, Maguyon-Detras MC, Migo MV, Quilloy R, Balingbing C,
Chivenge P, Gummert M (2020) Rice straw overview: availability,
properties, and management practices. In: Gummert M, Hung NV,
Chivenge P, Douthwaite B (eds) Sustainable rice straw management.
Springer, New York.
[11] M.I. Abdurrahman, S. Chaki, G. Saini Stubble burning: effects on health
& environment, regulations and management practice Environ. Adv., 2
(2020), p. 100011
[12] Delhi pollution falls by 4% in 2019 compared to last year. India Today
2019 Nov. 6.

S. Panwar et al.

International Journal of Research in Engineering, Science and Management, VOL. 5, NO. 6, JUNE 2022

[13] Zhang Y, Ghaly AE, Li BPhysical properties of rice residues as affected
by variety and climatic and cultivation conditions in three continents.
(2012) Am J Appl Sci 9(11):1757–1768.
[14] S Agarwal, R.C. Trivedi, B. Sengupta Air pollution due to burning of
agricultural residue Indian Journal of Air Pollution Control, 8 (1) (2008),
pp. 51-59.
[15] Gautam, R. (2014, January 27) Challenges in Early Warning of the
Persistent and Widespread Winter Fog over the Indo-Gangetic Plains: A
Satellite Perspective. Accessed November 12, 2014.
[16] Stubble Burning in Punjab, India Nov. 2015, NASA.
[17] Delivand, MK, Barz, M, Gheewala, SH, et al. Environmental and socioeconomic feasibility assessment of rice straw conversion to power and
ethanol in Thailand. 2012 Journal of Cleaner Production 37: 29–41.
[18] Liu, Z, Xu, A, Zhao, T Energy from combustion of rice straw: Status and
challenges to China. Energy and Power Engineering 2011 3: 325–331.
[19] Savary, S.; Willocquet, L.; Elazegui, F.A.; Castilla, N.P.; Teng, P.S. Rice
pest constraints in tropical Asia: Quantification of yield losses due to rice
pests in a range of production situations. Plant Dis. 2000, 84, 357–369.
[20] A. Kumar, K.K. Kushwaha, S. Singh, Y.S. Shivay, M.C. Meena, L. Nain.
Effect of paddy straw burning on soil microbial dynamics in sandy loam
soil of Indo-Gangetic plains Environ. Technol. Innovat., 16 (2019), p.
100469.
[21] Torigoe K, Hasegawa S, Numata O, Yazaki S, Matsunaga M, et al.
Influence of emission from rice straw burning on bronchial asthma in
children. (2000) Pediatrics; 42:143-50.
[22] Tipayarom, D. Development of a management program to reduce impacts
of open agro-residue burning on air quality. (2004) M. Eng. Thesis, Asian
Institute of Technology, Thailand, August 2002.
[23] Manandhar, B. R. Assessment of contribution of open biomass burning to
the air pollution burden in the Bangkok Metropolitan Region. M. Eng.
Thesis, Asian Institute of Technology, Thailand, August 2002.
[24] Kim Oanh N. T., Albina D O, Li Ping and Wang X-K Emission of
Particulate Matter and Polycyclic Aromatic Hydrocarbons from Select
Cookstove-fuel Systems in Asia. (2005) Biomass and Bioenergy, 28, 57990.

20

[25] Wallace, L.A., Chapter 33. Assessing human exposure to volatile organic
compounds, in Indoor Air Quality Handbook, J.D. Spengler, J.M. Samet,
and J.F. McCarthy, Editors. 2000, McGraw Hill: New York City. p. 33.133.35.
[26] World Health Organization International Agency for Research on Cancer,
IARC monographs on the evaluation of carcinogenic risks to humans.
Volume 88 formaldehyde, 2-butoxyethanol, 1-tert-butoxypropan-2-ol.
Summary of data reported and evaluation, 2006, World Health
Organization.
[27] World Health Organization International Agency for Research on Cancer,
IARC monographs on the evaluation of carcinogenic risks to humans.
Volume 88 formaldehyde, 2-butoxyethanol, 1-tert-butoxypropan-2-ol.
Summary of data reported and evaluation, 2006, World Health
Organization
[28] https://iris.epa.gov/ChemicalLanding/&substance_nmbr=419
[29] P. Henderick, and R. H. Williams. Trigeneration in a Northern Chinese
village using crop residues. Energy for Sustainable Development. 2000, 4
(3): 26-42.
[30] Lim HH, Domala Z, Joginder S, Lee SH, Lim CS, et al. Rice millers’
syndrome: a preliminary report. (1984) Br J Ind Med; 41:445-9.
[31] Ratnaprabha GK and Manjunath Respiratory Morbidities and Pulmonary
Function Tests of Rice Mill Workers in a City of Karnataka. (2016) J Pub
Health Med Res; 4(1):1-5.
[32] Ghosh T, Gangopadhyay S, and Das B Prevalence of respiratory
symptoms and disorders among rice mill workers in India. (2014):
Environ Health Prev Med; 19:226–233.
[33] Green FH, Yoshida K, Fick G, Paul J, Hugh A, et al., Characterization of
airborne mineral dusts associated with farming activities in rural Alberta,
Canada.1990 Int Arch Occup Environ Health; 62:423–30.
[34] Rana MC, Naskar S, Roy R, Das DK, and Das S: Respiratory morbidity
among rice mill workers in an urban area of Burdwan District, West
Bengal: A cross-sectional study. 2018 Indian Journal of Occupational and
Environmental Medicine; 22(1): 5-10.

