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Review of Existing Good Practices to Address Open 

Burning of Agricultural Residues 
 

Introduction 
 
Most Southeast Asian Countries, except Singapore, are agriculture-based countries of 
which economy also relies heavily on agricultural sector although they have been 
currently transforming toward industrialization.  Agro-industry also plays an important 
role in the industrial sector of the countries.  A large portion of the population of these 
countries are still relatively low-income farmers growing a variety of crops across the 
countries, such as rice, corn or maize, sugarcane, and palm, etc. 
 
Following harvesting of crops, intentional use of fire to burn crop residues left over from 
harvesting is a common traditional practice amongst farmers to eliminate crop residues 
on open fields in order to clear the land for subsequent cultivation of a new crop, as 
shown in Figure 1.  It is believed by the famers to be an effective mean to eliminate 
weeds and crop residues and produce faster growing crops in the subsequent 
cultivation. Open burning of agricultural residues is a common agricultural practice 
found throughout various regions of the world.  Cultivated agricultural fields are burned  
regularly and periodically for the purpose of cheap and quick removal of excess 
vegetation, including crop residues such as straw and stubbles, weeds and, prior to 
sowing a new crop. 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) Rice paddy field burning b) Corn field burning 
 
 
 
 
 
 
 
 
 
 
 
 

c) Sugar cane field burning d) Graze field burning 

Figure 1 – Agricultural residue burning of various crops 
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Burning of agricultural residues openly has negative impacts on the environment, 
specifically air pollution and climate change.  Thick plume of smoke haze from burning 
is released into the air and dispersed to very wide areas and long distance.  Smoke 
haze contains substantial amounts of ultrafine particles having diameter not more than 
2.5 microns (PM2.5) and black carbon (BC) which degrade air quality and cause 
negative climate impacts, respectively.   
 
PM2.5 can cause various adverse health effects, including enhancing respiratory 
infectious diseases, lung cancer, chronic obstructive pulmonary disease, heart disease 
and stroke whereas BC is a powerful Short Lived Climate Pollutant (SLCP) which 
contributes to air pollution, enhance global warming, and increased melting in the 
cryosphere.  Black carbon is the second largest contributor to global warming after 
carbon dioxide (UNEP, 2009, Ramanathan and Carmichael, 2008) and open burning 
is the 4th rank as sources of black carbon after household energy, transport and 
industrial production1.  

 

Open burning of agricultural residues 
 
Open burning of stubbles and other agricultural residues is intentionally setting fire to 
the stubbles and residues that remain after crops, like rice, wheat, corn/maze, 
sugarcane, etc., have been harvested. The practice has been widespread amongst 
farmers.  Most farmers choose to use fire to eliminate agricultural residues since it is 
the most convenient, cheapest and fastest ways which enables farmers to reduce the 
turn-around time between the harvesting and the subsequent sowing of crops.  Other 
reasons why farmers burn crop residues include, 

• Controlling pests, insects, parasites, and crop diseases 

• Eliminating weeds and other growths 

• Making tillage easier and improving tillage efficiency 

• Concern on labour cost and costly mechanical implements since the removal 
of agricultural residues remaining in the field is a labour-intensive process 

• Believing that it has a beneficial effect on yields        

• Difficult to collect and transport agricultural residues for other alternatives to 
eliminate or utilize agricultural residues. 

 
On the other hand, open burning of agricultural residues left on the field also has 
various disadvantages including, 

• Contribution to air pollution and global warming 

• Loss of soil nutrients for plants (i.e. organic carbon, nitrogen, phosphorous, 
and potassium) and soil fertility  

• Increasing need for fertilizer 

• Loss of active beneficial soil microorganisms 

• Increase acidity overtime 

• Loss of flora and fauna in the soil and hence biodiversity 

 
1 https://www.ccacoalition.org/en/activity/alternative-practices-mitigate-agricultural-open-burning-peru)  

https://www.ccacoalition.org/en/activity/alternative-practices-mitigate-agricultural-open-burning-peru
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• Negatively impacts soil quality by causing soil hardening and compacting  
and destroying humus and organic matter that make agricultural lands 
productive 

• Consequent loss of crop yields 

• Increasing soil erosion due to reduction in soil structure (soil aggregate 
stability) and no cover  

• Causing fires in nearby areas, including wildfires, spreading from out-of-
control agricultural residue burning causing damages to sensitive 
ecosystems, loss of infrastructure and human life. 

 
In reality, the burning of agricultural residues destroys the organic matter (humus) and 
the structure of the soil hence damages soil health and decreases its productive 
capacity.  The more times the burning are practiced, the lesser the soil fertility and 
productivity are. The burning also destroys valuable resources (agricultural residues) 
which can be utilized for many purposes.  
 
On the burning of sugarcane fields which is associated with cane production and 
milling, burning is normally performed two times in the same crop: the pre- and post-
harvest burning as shown in Figure 2.  Sugarcane produces 25-40 leaves per plant. A 
pre-harvest burning is done to facilitate cutting and piling of sugarcane stalks since 
sugarcane’s leaves are sharp and can wound the harvesters.  Besides, it is laborious 
if sugarcanes with leaves are harvested. For the easy cutting of the canes and to 
accelerate harvesting, fire is generally used by the harvesters to burn off sugarcane’s 
leaves before canes are cut. 
 
The post-harvest burning is done after the sugarcane field is harvested.  Residues of 
harvested sugarcanes including their stubbles left on the field obstruct the operations  
involved in ratoon2 crop cultivation and in preparing the land for new crop which include 
stubble shaving and ploughing, respectively. Tillage operation will hardly penetrate the 
field.  As a result, fire is generally used to burn remains of harvested sugarcane left on 
the filed after harvesting to facilitate tillage operation. It also facilitates inter-row 
cultivation and fertilizer application and protects emerging young ratoon from 
accidental fire. 
 
Another type of agricultural burning is slash-and-burn. It is a swidden cultivation or 
shifting cultivation, also called fire-fallow cultivation method, which involves clearing 
and burning of plants in a forest area to create a cultivation field. The method begins 
with cutting down the trees and plants in a forest area. The cut down trees and plants 
or "slash" are left to dry and burned, usually right before the rainy season, resulting in 
a nutrient-rich layer of top fertile soil and temporary elimination of weeds and pests.  
The cultivating area is abandoned after a few years of cultivation due to depleting 
nutrients and invasion of weeds and pests.  The farmer then moves over to a new area. 
The abandoned area recovers over time and can be slashed and burned again.  The 
cycle is repeated again and again.  This agricultural practice is also called shifting 
cultivation in which the farmer routinely move from one cultivating area to another. 
 
 
 

 
2 Ratoon is the crop grown from tillers that emerge from the stubbles of the previous crop. 
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a) Pre-harvesting burning of sugarcane fields 

 

 
 
 
 
 
 
 
 
 
 

b) Post-harvesting burning of sugarcane fields 

 
Figure 2 – Open-burning of sugarcane fields for harvesting 

 

Alternative good practices to address open burning of agricultural 

residues 

 
In recent years, traditional practice of open burning of agricultural residues which are 

common amongst farmers has emerged as a growing major concern from its effects 

on air pollution, climate change and other environmental concerns.   A lot of efforts 

have been made to reduce open burning biomass including agricultural residues. 

Besides burning of agricultural residues on open fields, agricultural residues can be 

eliminated or utilized to clear the land for subsequent cultivation in an environmental 

friendly manner by the application of various readily available and cost-effective 

practices and technologies, many of which have been adopted worldwide some of 

which are as follows, 

• Composting to produce organic fertilizer 

• In-situ incorporation of agricultural residues into the soil 

• Conservation tillage/Conservation agriculture practices 

• Utilization as fuel for alternative bioenergy production 

• Clearing agricultural residues using improved machinery 

• Prescribed or controlled burns 

• Other alternative uses of agricultural residues 
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A. Composting to produce organic fertilizer 

 
Since agriculture residues are organic matters, they can be digested and decomposed 
by microorganisms into compost which is rich in nutrients and beneficial for soil in 
multiple ways.  It is an organic fertilizer and a soil conditioner which can be used to 
fertile the soil for crop cultivation and is also a natural pesticide for soil.  
 
The process of composting is aided by shredding the plant matter and agricultural 
residues into small pieces.  The process can be either an aerobic or an anaerobic 
process.  In an aerobic composting process, it is necessary to ensure proper aeration 
by regularly turning piles of composting residues, so called “windrows” or by other 
active aeration means, such as aerated composting piles or bins, to provide oxygen 
for aerobic microorganism to digest organic matters/residues, as shown in Figure 3. 
 
 
 
                                                               3                                                                                                    4 

 
 
 
 
 
 
 
 
 
 

                                                               5                                                                                                    5 

 
 
 
 
 
 
 
 
 

Figure 3 – Aerobic composting process3,4,5 
 
For anaerobic composting, decomposition occurs by using anaerobic microorganisms 
that do not require oxygen to survive and digest organic matters, as shown in Figure 
4.  Piles of agricultural residues is tightly covered with a plastic sheet to maintain 
anaerobic condition.  A fixed dome anaerobic composter can also be constructed on-
site for more convenient and continuous operation.  Under anaerobic digestion, 
agricultural residues are fermented with the help of methanogenic bacteria, which in 

 
3 https://www.appropedia.org/Composting:_Analysis_and_Optimization_of_a_Simple_Design  
4 https://medusaudi.com/composting-soil-vitality-sustainability/ 
5 https://www.slideserve.com/Olivia/managing-organic-wastes-by-composting-and-vermicomposting  

https://www.appropedia.org/Composting:_Analysis_and_Optimization_of_a_Simple_Design
https://www.slideserve.com/Olivia/managing-organic-wastes-by-composting-and-vermicomposting
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turn produces methane gas (CH4).  Methane gas is a biofuel which can be collected 
and used as a clean energy source for household cooking and heating and for 
producing electricity.   
 
Nonetheless, one of the greatest challenges for the farmers is that bulky agriculture 

residues have to collected from the field, transported to composting area or plant and 

then shredded into small pieces for efficient decomposition which will require some 

machinery.  Additional, land is required for the composting area.  Box 1 shows the 

application of composting of agricultural residues in Myanmar and Lao PDR. 

 
 

   
                                                           6                                                                                                 7 

 
 
 
 
 
 
 
 
 
    

                                                           8                                                                                                 9 

 
 
 
 
 
 

 
 
 
 

Figure 4 – Anaerobic composting process6,7,8,9 

 

B. In-situ incorporation of agricultural residues into the soil 
 

If agricultural residues from harvesting are continuously removed from the soil, the 
structure and nutrient status of the soil will gradually deteriorate.  Such soil will become 
more sensitive to compaction and its water storage capacity will decrease.  This will 
result in increased difficulties when preparing a good seed-bed for the crops which 
may result in reduced growth and, in the long term, diminished crop yields. It is 
therefore important that agricultural residues such as straw, leaves, stubbles, and 

 
6 https://sustineri.life/anaerobic-composting-let-the-bugs-do-the-work/ 
7 http://www.fao.org/3/AB467E/AB467E05.htm 

8 https://www.biocycle.net/composting-last-frontier/ 
9 https://theconversation.com/rice-growing-produces-tonnes-of-excess-straw-can-we-turn-it-into-bioenergy-121304 

https://sustineri.life/anaerobic-composting-let-the-bugs-do-the-work/
http://www.fao.org/3/AB467E/AB467E05.htm
https://www.biocycle.net/composting-last-frontier/
https://theconversation.com/rice-growing-produces-tonnes-of-excess-straw-can-we-turn-it-into-bioenergy-121304
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stems should be incorporated into the soil after harvest as much as possible so as to 
maintain and improve the nutrient and carbon status of the soil and hence the soil 
health. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Box 1 - Aerobic high temperature composting with inoculation 
 

EM-based quick composting in Myanmar 

A unit for composting consists of pits with a size of about 180 cm (length) × 120 cm (width) × 90 cm (depth), enclosed by 
low walls with a roof.  The raw materials for composting are cow dung - 2 portions; rice husk - 1 portion; rice husk-charcoal 
- 1 portion; rice bran, milled - 1 portion; and accelerator - 33 litres of EM solution or Trichoderma harzianum solution per pit.  

Effective micro-organisms (EM), used as accelerator to reduce the composting period from three months to one month, 
consist of common and food-grade aerobic and anaerobic micro-organisms: photosynthetic bacteria, lactobacillus, 
streptomyces, actinomycetes, yeast, etc. The strains of the micro-organisms are commonly available from microbe banks 
or from the environment.  

EM Preparation: 

One litre of 'instant solution' is made by mixing 10 ml of EM, 40 ml of molasses and 950 ml of water and leaving it for five to 
seven days, depending on temperature. The solution is then added to 1 litre of molasses and 98 litres of water to obtain 100 
litres of ready-to-use EM solution. This amount is enough for three pits. 

Procedure 

Raw materials are mixed together, except EM solution. A 15 cm layer of mixture is spread in the pit and EM solution is 
sprinkled on it. This procedure is repeated until the pit is full. The pit is covered with a plastic sheet. After two or three weeks, 
the whole pit is mixed in order to accelerate aerobic decomposition. The compost is ready to use a few of weeks later. A pit 
produces 900 kg of final compost per batch. Assuming that it takes 30 days on average to produce a batch, the annual 
potential production capacity is 10.8 tonnes/pit. 

                                                

                                                 Composting facility                                                      Composting pits 

 

EM-based quick composting in Lao PDR 
 
The raw materials for composting are rice straw, farmyard manure, urea fertilizer and EM solution. 

Procedure 

A unit pile of straw is prepared in layers of 20 cm high, 1 m wide, and 5 m long.  Each layer is sprayed with water to increase 
moisture, covered with a layer of manure of 5 cm high with a sprinkle of urea (100-200 g) on the top and EM solution, as 
described in the Myanmar example, is sprayed to accelerate aerobic decomposition. The procedure is repeated for each 
layer until the pile is about 1 m high and then covered with a plastic sheet. The pile is turned after two weeks and then again 
after another week. The compost is generally ready two weeks later when the pile has cooled down and reduced to about 
70 cm high. 
 

                 
              Preparing of the compost pile                Covering the pile with a plastic sheet                    Turning the compost pile 

 

http://www.fao.org/3/y5104e/y5104e06.htm 

 
 

http://www.fao.org/3/y5104e/y5104e06.htm
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After incorporated into the soil, agricultural residues which are organic matters will be 
digested and decomposed by microorganisms and earthworms which are already 
available and exist in the soil and ultimately turned into soil conditioner and in-situ 
organic fertilizer.  The soil will become loose, fertile and rich in nutrients and biomass 
and will be highly productive for the next successive cultivations of crops.   
 
To incorporate stubbles and crop residues into the soil, it requires better and more 
appropriate technology, tools and machinery to be incorporated into traditional farming 
practices.  A deep stubble ploughing technique which combines a simply tractor with 
improved ploughs such as deep harrow discs or mouldboard ploughs, as shown in 
Figure 5, will enable stubbles and crop residues to be incorporated into the soil.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5 – Stubble ploughing using simply tractors with improved ploughs 

                           (Mouldboard ploughs)10 
 
The soil will be ploughed up or turned over completely on top and cover stubbles and 
crop residues, including weeds as shown in Figure 6.  Effective microorganism (EM) 
solution may be sprayed before and after ploughing to accelerate the decomposition 
of integrated stubbles and crop residues.  Covered weeds will be destroyed.  Pests and 
insects in the soil will be exposed to the sun and destroyed as well.  In such a case, 
less chemical fertilizer, herbicide, pesticide and insecticide will be required for 
cultivation of crops.  Box 2 shows the application of a deep stubble ploughing in 
Thailand. 
 
The decomposition of covered agricultural residues takes at least 15 days which is an 
issue for the farmers doing cultivation in an irrigated area since the farmers want to 
keep the time between harvesting and planting a new crop as short as possible so that 
as many crops as possible can be cultivated in a year.  Besides, this alternative 
requires that farmers have access to the appropriate machinery and fuel as well as the 
capital investment to pay for this alternative.  In order to mobilize this alternative 

 
10 https://youtu.be/KxA4efbOFgY  

https://youtu.be/KxA4efbOFgY
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successfully amongst low-income farmers, financial and machine management 
systems have to be put in place. The government may have to provide financial 
assistance to the farmers and a machine sharing system amongst farmers through an 
established farmer cooperative should be established since it is not feasible for a 
farmer to individually own and operate the machines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 – Incorporation of stubbles and crop residues into soil 

 
C. Conservation tillage/Conservation agriculture practices 
 
Conservation tillage practices11, also called conservation agriculture practices12, are 
agricultural practices that leaves all or as much crop residues of the previous crop as 
possible on the land to prevent soil erosion and runoff.  It includes various farming 
techniques, for example, 

• “No-till or zero tillage” and “mulch till” are cultivation practices in which the 
maximum of crop residues from previous harvesting are left on the soil 
surface and the soil and the surface residues are minimally disturbed by 
tillage. Hence the soil surface is entirely covered by crop residue mulch. 

• “Low or reduced or minimum till” are cultivation practices in which tillage is 
minimized as much as possible and at least 30% of the soil surface is covered 
by crop residues at the time of planting.  It combines till and no-till method. 

 
The no-tillage or mulch tillage systems reduce the need to burn crop residues which 
are all saved for the next crop seeding.  Since there is no tillage or minimum tillage in 
the conservative tillage system and all crop residues are saved on the field for the 
successive crop seeding, new crops are directly sown into the protective crop residue 

 
11   http://www.fao.org/3/t1696e/t1696e09.htm  
12  http://www.ccacoalition.org/en/resources/fire-fields-moving-beyond-damage-open-agricultural-burning-communities-soil-and-    

cryosphere  

Stubbles, crop 
residues and 
weeds 

Soil

s
30 cm. 

Before Tillage 

After Tillage 

30 cm. 

After Stubble Ploughing 

http://www.fao.org/3/t1696e/t1696e09.htm
http://www.ccacoalition.org/en/resources/fire-fields-moving-beyond-damage-open-agricultural-burning-communities-soil-and-%20%20%20%20cryosphere
http://www.ccacoalition.org/en/resources/fire-fields-moving-beyond-damage-open-agricultural-burning-communities-soil-and-%20%20%20%20cryosphere
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cover.  It is the so-called “Direct Seeding” of crops in which new crops are planted 
directly into the standing and undisturbed stubbles of the previous crop, therefore crop 
stubble should be cut reasonably short during  harvest, shredded and spread on the 
field as it comes out of the combine.  A good example of the conservative tillage 
practice in India which is called “Happy Seeder” is described in Box 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 2 - Application of a deep stubble ploughing to incorporate rice stubbles and straws into 

soil in Thailand 

Most of Thai rice growing farmers have been commonly practicing open burning of rice stubbles and straws following 

harvesting of rice since it is the most convenient, cheapest and fastest way to prepare the paddy field for the next successive 

cultivation of rice.  Fire is used to eliminate crop residue remains on the rice paddy field from harvesting, especially in the 

area equipped with an irrigating system where water for rice cultivation is available most of the year and rice is planted all-

year-round. Burning enables farmers to reduce the turn-around time between the harvesting and the subsequent sowing of 

crops so that rice cultivation can be made as many times as possible in a year.  Burning rice residues during dry season 

between January to April degrades air quality in the area substantially, including the vicinity areas. 

 

The Thai government by the Ministry of Agriculture and Cooperative has been promoting a deep stubble ploughing as one 

of several alternatives to open burning of residues in rice cultivation.   It combines a simply tractor with deep harrow discs 

25 to 30 cm in diameter with a mouldboard plough in the front which enables rice residues to be incorporated into the soil.  

Straw is first spread out covering the paddy field.  A solution of effective organisms (EM) is sprayed and then followed by a 

sprinkle of manure.   EM is used as an microbial activator to accelerate the decomposition of rice residues by microorganisms.  

Subsequently, the paddy field covered with activated straw is ploughed by using deep harrow discs led by a mouldboard 

plough to incorporate rice residues, i.e. stubbles and straw, into the soil.  Normally, incorporated rice residues are completely 

decomposed and become an in-situ organic fertilizer within 15 days. 

 

        

Huge plume of smoke haze generated         Spraying EM and sprinkling              Deep ploughing to incorporated 

  from open burning of rice residues                              manure                                    rice residues into the soil 

                                     

      

Deep stubble ploughing to incorporate rice stubbles and straws into soil in Thailand 
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Box 2 - Application of a deep stubble ploughing to incorporate rice stubbles and 

straws into soil in Thailand (continued) 

 

 

Mineral nutrients in rice residues 

 

Nutrition Quantity (kg/ha) Price (Baht/ha) 

Nitrogen (N) 43.13  493.75 

Phosphorus (P) 5.00 62.50 

Potassium (K) 97.5 1,075.00 

Total 1,631.25 

                 

                Exchange rate: 1 Dollar = 30 Baht 

 

Benefits from Incorporating Rice Residues in Soils as Natural Organic Fertilizer 

 

 

 

Comparison of rice crop grown in unburned plot and burned plot  
 

 

 

Paddy Field Cost (Baht/ha) Yield  (kg/ha) Net income (Baht/ha) 
Activities Burning No Burning Burning No Burning Burning No Burning 

Irrigated area 

Tillage 2,562 2,250 

5,719 5,981 18,181 21,088 Fertilizer 5,100 4,475 
Pesticide 1,031 313 
Total 8,693 7,038 

Non-Irrigated area 
Tillage 1,875 1,875 

2,438 3,063 14,944 23,694 Fertilizer 2,681 806 
Total 4,556 2,681 

 

Unburned plot

Longer root

Burned plot

Shorter root
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Box 3 – “Happy Seeder” – an alternative to stubble burning in India 

In India, the burning of residues from rice, wheat and sugarcane cultivations contribute together to 82% of the total burning 

of biomass from crop cultivations (ICFA),. Indian farmers in Punjab & Haryana plant rice in the monsoon season during 

which rain water is used for rice cultivation.  Within a short period of time of between 10 to 20 days after rice is harvested, 

fire is commonly used to burn rice residues left behind to clear the paddy fields for wheat cultivation.  It is the most 

convenient, fastest and cheapest land clearing practice to eliminate crop residues, but greatly degrade air quality in the 

vicinity areas.   

 

Burning of rice residues after harvest, to quickly prepare the land for wheat planting 

[Image Credit: Neil Palmer at International Center for Tropical Agriculture (CIAT)] 

 

Attempts have been made to find alternative practices to the rice residue burning practice which are environmental 

friendly, economically and affordably feasible.  As such, a “Happy Seeder” which is one practice of the “No-tillage” and 

“Mulch-tillage agricultural systems under “Conservative tillage” is used as one of several alternatives which is appropriate 

to rice residue burning (Shyamsundar P., et. al., 2019). A Happy Seeder, an equipment mounted on a tractor, can sow 

wheat in the presence of rice residues on the field.  It cuts and lifts rice stubbles and straw and at the same time sows 

wheat into the bare soil and deposits the rice residues over the planted area as mulch. 

 

 

Happy Seeder 

[Image Credit: Natalya Skiba at The Nature Conservancy (TNC)] 

 
Benefits of using a Happy Feeder have been observed, as follow, 

• Eliminating rice residue burning 

• Reducing emissions of air pollutants especially particulate matter and greenhouse gases and black carbon (BC) 

• Improved air quality and reduced climate impacts 

• Savings of time, labour, energy (electricity, fuel and oil), water for irrigation, and costs 

• Suppression of weed population 

• Improved soil health: soil pH and soil physical condition 

• Moisture retention 

• Reduction in terminal heat stress  

• Increase in productivity and opportunity for additional crop 
 

Nonetheless, farmers need to have access to the Happy Seeder equipment which is a big challenge them.  The 

government could play an important and active role in promoting this practice by providing financial arrangements 

management schemes to help farmers to practice the Happy Seeder cultivation instead of burning rice residues.  Such 

arrangements and schemes could include providing partial capital investment for the equipment, establishment of 

equipment sharing or renting system, and awareness and capacity building program.  The reluctance to practice a Happy 

Feeder amongst farmers arises partly from the question whether the alternative is profitable. Other issues include lack of 

awareness about the conservation tillage/conservation agriculture, lack of machinery, and lack of skill in using such 

Machinery. 

https://researchmatters.in/news/alternatives-stubble-burning-not-only-possible-profitable-shows-study  

https://researchmatters.in/news/alternatives-stubble-burning-not-only-possible-profitable-shows-study


13 
 

Similarly, conservation agriculture practices are also farming practices that keep the 
soil covered as much as possible with agricultural residues from the previous crop and 
subsequently the new crops are sown through the residues directly into the covered 
soil. Remaining residues are used for other utilizations.  This is simply “low-till” or even 
“no-till” practice which enrich the soil and consequently increases crop yields (CCAC, 
2015).   
 
Accordingly, the conservation tillage/conservation agriculture practices can eliminate 
the need to burn as all crop residues are saved for the crop seeding in the case of no-
tillage and mulch tillage systems and reduce open burning of crop residues in the case 
of “low or reduced or minimum tillage” systems.  In addition, the conservative tillage 
system can 

• maintains organic matter content at a high level, 

• reduce the need for fertilizer,  

• increase nutrient use efficiency  

• reduce soil erosion by runoff and wind, 

• maintain the productivity of upland soils by reducing erosion,  

• maintain a favourable soil temperature, 

• improve water-retention capacity, 

• improve water use efficiency, and 

• conserve water.  

 
D.  Utilization as fuel for alternative bioenergy production 

 
Agricultural residues are organic matters mainly composed of carbon (C) and hydrogen 
(H).  Therefore, it is technically feasible to be used as alternative biofuel to produce 
energy for the production of electricity and heat for industrial processes although they 
do not have heat content or heating value as high as fossil fuels.  This practice has 
been widely used in many countries in various regions of the world.  They are 
alternative fuels to fossil fuels which will reduce or replace the use of fossil fuels and 
ultimately reduce greenhouse gas emissions especially carbon dioxide (CO2) since 
CO2 that would have been emitted by a fossil-fuel fired combustion is avoided.  
Although burning of agricultural residues also emits CO2 but it will be balanced by CO2 
uptake by the new crops for their growth, as shown in Figure 7.  Emissions of air 
pollutants especially particulate matter are also reduced since highly efficient emission 
control technologies readily exist, i.e. bag filter and electrostatic precipitator, as shown 
in Figure 8, which have particulate control efficiency of more than 99%.  
 
The use of agricultural residues for energy production involves collection of residues 
from the fields after harvesting, processed and transported to the electricity generating 
and industrial plants, as shown in Figure 7.  Agricultural residues are loose and bulky 
in nature and are not conveniently and efficiently transported and fed into the 
combustor.  To address the looseness and bulkiness of the agricultural residues is to 
make the residues more compact by densification process including baling and 
transforming agricultural residues into solid pellets or briquettes of residue derived 
fuels, as shown in Figure 9.   
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Figure 7 – Use of agricultural residues as biofuel for electricity and energy production 
and its climate association 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8 – Emission control technologies for particulate matter with control efficiency 
of more than 99 % 
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Figure 9 –  Densification of agricultural residues into solid pellets as 

residue-derived fuels 
 
 

There are a variety of available combustion technologies which can be used for the 
conversion of agricultural residues to electricity and heat including direct conventional 
combustion, fluidized bed combustion, rotary kiln, gasification, pyrolysis, etc., as shown 
in Figure 10.  An example of the utilization of agriculture residues as biofuels for 
electricity and energy (heat) production in Thailand is shown in Box 4. 

 
E. Clearing agricultural residues using improved machinery 

 
Improved agricultural machinery, i.e. combines (a reaper cum thresher put together to 
harvest, thresh, winnow and clean the seed or grain from the straw in one operation), 
dedicated choppers or simply tractors with improved ploughs, can better incorporate 
stubbles into the soil.  It represent the closest and easiest steps to incorporate into 
traditional farming practice so that burning of agricultural residues is not necessary.   
 
Figure 11 shows an example of a sugarcane cutting machine used in Thailand which 
can eliminate the burning of sugarcane fields before harvesting (pre-harvest burning).  
However, it requires that farmers have access to the appropriate machinery and fuel 
as well as the capital to pay for the improved machinery.  Financial arrangement and 
machinery management schemes are needed for this alternative to be successful. 
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Box 4 - Utilization of agriculture residues as biofuel for electricity and energy production in 

Thailand 

The Royal Thai Government approved the latest Thailand’s 20-years Power Development Plan (2018-2037) (PDP 2018) 
which set a target for alternative energy sharing of 30% of the total energy supply by the year 2037 from the sharing of 23.8% 
at the end of 2017.  Accordingly, the Department of Alternative Energy Development and Efficiency (DEDE) has been revising 
Thailand’s Alternative Energy Development Plan for the year 2018 to 2037 (AEDP 2018) to be in line with the PDP 2018.   
The AEDP 2018 was endorsed by the Energy Policy Administration Committee on 21 February 2020 for the subsequent 
approval by the National Energy Policy Board and the Cabinet.  Shares of different types of total final energy produced from 
alternative energy by the end of AEDP 2018 in 2037 are shown in Table below.  The target specified in the AEDP 2018 for 
the generation of electricity from biomass by the end of 2037 is 5,786 MW, an increase of 3,496 MW during 2018-2037 from 
the level of 2,290 MW at the end of 2017 (https://www.greennetworkthailand.com/ %E0%B8%9E%E0%B8%9E-
%E0%B8%AA%E0%B8%99%E0%B8%9E-aedp-2018/).  Besides, it is also planned to promote the use of biomass for the 
production of heat in the industrial sector with the target of 22,100 ktoe at the end of the AEDP 2018 from the level at the end 
of 2017 of 6,616 ktoe. 
 

Types of final energy 
Share (%) of total final energy produced from 

alternative energy by 2037 (AEDP 2018) 

Electricity 5.86 

Heat 21.12 

Biofuels, i.e. biodiesel, gasohol, 3.04 

Total 30.02 

https://aeitfthai.org/featured-news/11347.html  
 

Figures below show the map of Small Power Producers (SPP) and Very Small Power Producers (VSPP) using biomass as 

fuel located in different regions of Thailand and photographs of a few biomass power plants.  Their total combined on-grid 

generating capacity at the end of 2018 was 3,155 MW (excluding off-grid power generation). 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Royal Thai government has launched the policy measure to motivate private sector for investment in electricity 
generation from renewable energy since 2007. It was called “Adder” or “Premium Feed-in Tariffs (Premium FIT). Power 
utilities will buy electricity from producers (VSPP and SPP) at a rate equal to the base tariff, plus the wholesale Ft and Adder.  
In 2012, the Fixed Feed-in Tariffs (Fixed FIT) measure has been used to replace adder because adder is paid on top of the 
retail electricity price but Fixed FIT is a fixed price. However, both adder and Fixed FIT will be passed through to consumers 
in the form of the retail Ft resulting in higher retail electricity price to customers.   

Adders for biomass fuels (Pita, 2015) 

Installed  Capacity 
(MW) 

Adders 2007 
(Baht/kWh) 

Adders 2009 
(Baht/kWh) 

Adders 2010 
(Baht/kWh) 

Capacity 1 MW 0.3 0.5 0.5 

Capacity >1 MW 0.3 0.3 0.3 

 

      Fixed FIT for biomass fuels in 2015 (http://www.eppo.go.th/images/Power/pdf/FT-history/FiT_2558.pdf)  

Install Capacity (MW) Fixed FIT (Baht/unit or kWh) 

Capacity < 1 MW 5.34 

Capacity >1–3 MW 4.82 

Capacity > 3 MW 4.24 

 

 

 

 
 

Bagasse Power Plant 

Rice Husk Power Plant 

Rice Husk Power Plant 

https://www.greennetworkthailand.com/%20%E0%B8%9E%E0%B8%9E-%E0%B8%AA%E0%B8%99%E0%B8%9E-aedp-2018/
https://www.greennetworkthailand.com/%20%E0%B8%9E%E0%B8%9E-%E0%B8%AA%E0%B8%99%E0%B8%9E-aedp-2018/
https://aeitfthai.org/featured-news/11347.html
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Figure 10 – Available combustion technologies for agricultural residues as biofuels 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11 – Application of a cutting machine in sugarcane harvesting 
 

 
13 http://www.tpa.or.th/publisher/pdfFileDownloadS/tn241_p61-64.pdf  
14 http://ruahaenergy.com/wp-content/uploads/2016/06/energy-biomass.jpg  

 

Grating combustion 

Fluidized bed combustion  

Rotary kiln 

Biomass pyrolysis Biomass gasification 

Map showing areas where 

sugarcane are grown and 

sugarcane mills are located 

Sugarcane cutting machine 

http://www.tpa.or.th/publisher/pdfFileDownloadS/tn241_p61-64.pdf
http://ruahaenergy.com/wp-content/uploads/2016/06/energy-biomass.jpg
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F. Prescribed or controlled burns 
 

Prescribed or controlled burns are used in some countries as an essential tool or 
practice to manage agricultural lands and vegetations.  On a day with little wind, fires 
are intentionally set and controlled not to allowing fires to spread out uncontrollable.  
Too windy can make a large fire and out of control. Farmers are careful not to leave 
the fire unattended and to monitor the fire closely to ensure the fire staying under 
control.  Prescribed/controlled burns are used to serve many different valuable 
purposes, as follow, 

• Agricultural field management, 

• Crop residue removal, 

• Livestock habitat improvement 

• breaking down dead plant matters left above the ground from harvesting 
which will release nutrients to the soil to promote future plant growth,  

• control of agricultural weeds, brushes, pests, disease, weeds and 
earthworms,  

• breaking down the thick outer shell of many seeds to help them to start 
germinate into new plants. 

 
Prescribed/controlled burn of which anatomy is shown in Figure 12 have been 
practiced in many agricultural States in the United States such as California, Iowa, 
Delaware, etc., as an agricultural field management tool.  It is also used in an 
emergency case to control a serious situation caused by a disease or pest to 
agriculture or the public health. In any case, an open burning should be practiced only 
when necessary and by regulating and controlling the necessary burning to minimize 
air pollution.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       https://iowaagliteracy.wordpress.com/2015/04/30/why-do-they-do-that-burning-fields-and-ditches/  

Figure 12 – Anatomy of a prescribed/controlled burn of an agricultural field 

https://iowaagliteracy.wordpress.com/2015/04/30/why-do-they-do-that-burning-fields-and-ditches/
https://iowaagliteracy.files.wordpress.com/2015/04/stelprdb5294229.jpg
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Management of prescribed/controlled burning 
 
Without an appropriate management system, prescribed/controlled burns can also 
deteriorate air quality in the area and vicinity to the level that can cause health effects 
to the people.  Too many prescribed/controlled burns at the same time in the same 
area emit a large amount of air pollutants especially PM2.5 which can exceed the 
assimilative capacity of the area and consequently results in ambient PM2.5 
concentrations exceeding its ambient air quality standards or safe level. Therefore, it 
is necessary to control the number of burns and the size of the area to do 
prescribed/controlled burns in each day taking account of the meteorological 
conditions through an appropriate permit system. 
 
Numbers of plot and the size of areas to be allowed to do prescribed/controlled burns 
in a day are based on the allowable emission amount of particulate matter from the 
burning, taking account of meteorological condition, which will not result in the ambient 
air concentrations exceeding the applicable ambient air quality standards or the level 
to be harmful to people’s health.  It is back calculated by using an air pollution 
dispersion model with forecast meteorological data as shown diagrammatically in 
Figure 13.  An example of the management of prescribed/controlled burns taking 
account of air quality concern is shown in Box 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13 – Schematic diagram of the management of prescribed/controlled burns 
taking account of impact on air quality 
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Box 5 – Management of prescribed/controlled burns in Delaware State of the United States 

(https://dnrec.alpha.delaware.gov/air/open-burning/agricultural/#collapseDNRECair)  
 
Farmers may conduct prescribed/controlled open burning of agricultural fields with permission from the authority for the 

purpose of agricultural operations, including, 

• Pest control 

• Livestock habitat improvement 

• Crop residue removal 

• Wildfire training 

• Agricultural field maintenance 

• Initial establishment of an agricultural practice on previously uncultivated land 

 

Qualified applicants 

Applicants must submit an Application for Agricultural Burning, requesting to burn on agricultural lands which are currently 

used or intended to be used primarily for the purpose of obtaining a profit by raising, harvesting and selling crops or by 

raising and selling livestock or poultry.  If the land is rented or leased, written approval to burn from the landowner is required. 

 

Request for a date to burn 

Applicants have to specify a date to burn of their convenience  in the application. The burning can be rescheduled if the 

burning is not conducted on the approved date due to any reason, such as weather conditions.  

 

Burning restrictions 

• During the Ozone Season from 1 May to 30 September of each year, agricultural open burning is not prohibited for 

the whole State.  

• Additionally, on Air Quality Action Days on which the State’s air quality is forecast to be unhealthy, agricultural open 

burning is also prohibited even if an approval to burn has been granted earlier.  

• Agricultural burning for the purpose of clearing land for the establishment of an agricultural practice on previously 

uncultivated land is allowed. 

• Burning waste produced from agricultural operations, including, but not limited to, garbage/trash, paper, cardboard, 

animal waste matter, is strictly prohibited.  

• The Delaware State Fire Marshal may also issue a ban against open burning activity in individual counties or the 

whole State. 

• The National Weather Service may issue a red flag warning against open burning activity due to unfavourable 

weather conditions that may result in dangerous fire conditions. 

 

Issuance of Approval 

An agricultural burning cannot be conducted prior to an issuance of written approval to burn even if the requested burning 

date is met or passed.  

Before conducting an agricultural burning, the local fire authority must be notified and written approval must be submitted. 

 

Timeframe and amount of materials that may be burned 

If the burning request is approved for a specific day, burning on the approved day is only allowed between 08:00 a.m. to 

04:00 p.m. and there is no limit to the amount of materials that may be burned.  All burning activity must stop by 04:00 p.m. 

on the approved day.  If additional days to burn is needed, the initial approval has to be updated for each additional day 

without new written approval issued. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://iowaagliteracy.wordpress.com/2015/04/30/why-do-they-do-that-burning-fields-and-ditches/  

https://dnrec.alpha.delaware.gov/air/open-burning/agricultural/#collapseDNRECair
https://iowaagliteracy.wordpress.com/2015/04/30/why-do-they-do-that-burning-fields-and-ditches/
https://iowaagliteracy.files.wordpress.com/2015/04/042115_burn_meier1.jpg
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G. Other alternative uses of agricultural residues 

• Livestock feed and/or bedding 

• Baled straw can be used as building material 

• Straw can be used to produce household products (See Box 6) 

• Production of bio-char as soil conditioner to improve the soil structure, soil 
fertility by increasing water storage for plant growth, and increase the content 
of nutrients and soil microbes to benefit harvest yield 

• Solid farmyard manure (FYM) and deep-straw bedding material can be used 
as a fertilizer and for soil improvement instead of being burned as agricultural 
waste 

• Soil mulching materials for vegetable production such as mushroom, lettuce, 
cabbage, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 

 
Figure 14 – Other alternative uses of agricultural residues 
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Box 6 – IKEA FÖRÄNDRING household products made from rice straw 
https://newsroom.inter.ikea.com/news/ikea-contributes-to-reducing-air-pollution-with-f-r-ndring--a-collection-based-on-rice-

straw/s/366c69f4-942a-48fa-9269-8d5e6d11fdf8  

 

FÖRÄNDRING is a collection of IKEA household products as shown below made from rice straws as a new renewable 

material source.  It is created as a pilot model launched by IKEA through the Better Air Now initiative to demonstrate how to 

reduce air pollution from agriculture open burning by utilizing agricultural residues, in this case rice straws, to produce 

household products instead of being burned. 

FÖRÄNDRING collection is in the shades of black and blue. It illustrates the present air quality situation with haze and smog 

around the world with the hopes for a more ambitious future with crisp and clear blue sky. 

FÖRÄNDRING means ‘change’ in Swedish.  It illustrates the desire to contribute to positive change; changing current 

practices of rice straw burning as well as a change by contributing to better air quality.  The long-term goal is to create and 

share this pilot model which can be scaled up and replicated by others in various regions of the world and extended to other 

crop residues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

FÖRÄNDRING – a collection of household products made from rice straw by IKEA 

 

https://newsroom.inter.ikea.com/news/ikea-contributes-to-reducing-air-pollution-with-f-r-ndring--a-collection-based-on-rice-straw/s/366c69f4-942a-48fa-9269-8d5e6d11fdf8
https://newsroom.inter.ikea.com/news/ikea-contributes-to-reducing-air-pollution-with-f-r-ndring--a-collection-based-on-rice-straw/s/366c69f4-942a-48fa-9269-8d5e6d11fdf8
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Conclusion 

There are many alternatives to open burning of agricultural residues available as 

described in previous section. It is technically feasible and can reduce emissions of air 

pollutants especially PM2.5, CO2, a major greenhouse gas, and black carbon (BC) 

which is a major short-lived climate pollutant (SLCP), hence help improving air quality 

and slowing down global warming.   These alternatives if implemented provide multiple 

benefits including air quality benefits, climate benefits, environment benefits, and 

health benefits, as shown in Figure 15. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 15 – Multiple benefits from not burning agricultural residues 

 

In addition, these alternatives also provide benefits to the farmers in terms of providing 

higher agriculture productivity, additional or extra incomes from the utilizations of 

agricultural residues if they are not burned, and better health since less chemical 

fertilizers and pesticides are used.  However, there are also challenges to successfully 

implement these alternatives including the availability of capital investment and 

operating costs, time constraint between after the harvesting and the planting of the 

next crop.  It also take a long time to change the habit and attitude of the farmers who 

are familiar and has been practicing open burning of agricultural residues for decades.  

Table below summarizes challenges which might be faced in the implementation of 

alternatives to open burning of agricultural residues and some possible solutions to 

overcome the challenges.  Raising awareness and building capacity of the farmers to 

implement various alternatives are needed in order to convince and persuade the 

farmers to change their practices to burn agricultural residues.  Financial assistance 



24 
 

and arrangement including assistance for the management of alternatives should be 

provided to the farmers.  Pilot models to demonstrate and showcase various 

alternatives should be conducted of which the results should be distributed among 

relevant farmers. 

 

Good Practices Challenges Possible Solutions 

Composting to produce 
organic fertilizer 

- Need to collect and 
transport loose and bulky 
agricultural residues from 
the cultivation field. 

- Machinery, although not 
heavy one, is required to 
shred agricultural residues 
into small pieces for 
efficient decomposition.  

- Aerobic composting needs 
some lands for composting 
area to piling agricultural 
residues and aeration.  

- Decomposition process is 
time consuming.    

- Applying suitable effective 
microorganisms can help 
shorten the time for 
decomposition. 

- Applying mechanical 
aeration can help reducing 
labour requirement. 

- Anaerobic decomposition 
requires less amount of 
maintenance, does not 
require aeration, and 
produces methane gas 
which is a biofuel and can 
be used as a clean energy 
source for household 
cooking and energy 
production but can be 
exceptionally pungent. 

In-situ incorporation of 
agricultural residues into 
the soil 

- Machinery is required to do 
deep ploughing to cover  
agricultural residues with 
soil. 

- Taking some times for 
agricultural residues to be 
decomposed. 

- Applying suitable effective 
microorganisms can help 
shorten the time for 
decomposition. 

- Government might 
consider providing 
appropriate financial and 
management schemes to 
the farmer to be able to 
have access to required 
machinery. 

Conservation 
tillage/Conservation 
agriculture practices 

- Machinery is required to do 
“Direct Seeding” of crops in 
which new crops are 
planted directly into the 
standing and undisturbed 
stubbles of the previous 
crop. It cuts and lifts rice 
stubbles and straw and at 
the same time sows plants 
into the bare soil and 
deposits the rice residues 
over the planted area as 
mulch. 

- Government should 
consider providing 
appropriate financial and 
management schemes to 
the farmer to be able to 
have access to required 
machinery. 



25 
 

Utilization as fuel for 
alternative bioenergy 
production 

- Need to collect and 
transport from the 
cultivation field loose and 
bulky agricultural residues 
which are loose and bulky 
in nature and are not 
conveniently and efficiently 
transported and fed into the 
combustor. 

- Need a large amount of 
investment and operating 
costs which might make it 
not financially and 
economically feasible.  

- Making residues to be 
more compact by 
densification process 
including baling and 
transforming agricultural 
residues into solid pellets 
or briquettes of residue 
derived fuels. 

- Government should 
consider providing 
appropriate financial and 
management schemes to 
the farmers to be able to 
have access to required 
machinery. 

- Economic incentive should 
be provided to promote the 
use of agricultural residues 
for energy production. 

Clearing agricultural 
residues using improved 
machinery 

- Need a large amount of 
investment and operating 
costs of machinery. 

- Government should 
consider providing 
appropriate financial and 
management schemes to 
the farmers to be able to 
have access to required 
machinery. 

Prescribed or controlled 
burns 

- Need investment cost for 
computer hardware and 
knowledge for running air 
pollution dispersion model. 

- Management system of 
prescribed/controlled 
burning is complex. 

- Government should 
consider providing 
appropriate financial 
supports and capacity 
building to local authority to 
be able to implement 
prescribed or controlled 
burns. 

Other alternative uses 
of agricultural residues 

- Most alternatives are small 
scale operation and might 
not be economically 
feasible except for own 
uses. 

- Establishment of farmer 
cooperative for larger scale 
operation to make it more 
economically and 
commercial feasible. 
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