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Theme 4: Extracting more value through improved quality, 

processing, market systems and new products

4.1. Technologies and business models to improve rice postharvest practices, 

processing, and marketing 

Technology: harvesting, drying, storage, milling, marketing

Business models for using PH technologies

Mycotoxin prevention strategy

4.2. Innovative uses of rice straw and rice husks4.2. Innovative uses of rice straw and rice husks

P 4.2.1. Rice straw with increased digestibility for feeding to live-stock

P 4.2.2. Energy production and carbon sequestration based on rice residues

P 4.2.3. Innovative, profitable and sustainable processing options for rice husks 

and rice straw

4.3. High quality rices and innovative rice-based food products

Starch, chalk, glycemic index, breeding for better quality



Expert Consultation on Biofuels
IRRI, 27-29 August 2008

• Objectives:
– Discuss likely impact of bioenergy production on global 

and regional food security and sustainability of agricultural 
systems in Asia

– Identify key options and research priorities for designing 
and evaluating integrated food-bioenergy production and evaluating integrated food-bioenergy production 
systems for Asia

– Develop a framework for research on bio fuels and agree 
on follow-up activities, including meetings with public and 
private sector partners

• All crops, all technologies

• 44 Participants from CG Systems, national partners, advanced 
research institutions



Rice Related Highlights from Presentations

Possibility for Straw Removal without affecting  Soil Fertility and Sustainability
(Using data from CIMMYT and from IRRI long term trials)

Biofuels from Rice 
- Rice grain should not be used for bio-fuel production

- productive lowland rice areas should not be converted into biofuel crops

- Options for diversifying rice cropping  systems by growing biofuel crops in rotation 

are limited

->  Bioenergy generation from husk and straw should be pursued instead

System Residue Potential for removal Portion for removal

Triple rice Rice Yes All

Double rice Rice Yes All

Upland crop before 

lowland rice

Maize 

Wheat (China)

Yes 

Yes

All 

All

Rice-wheat Rice (India) Limited ?

Rice-maize Rice Limited Partial, straw

Sole upland crop Maize and wheat Limited Partial with beds

Source: Buresh, R. 2008: Implications of Straw Removal on Soil Fertility and Sustainability.

(Using data from CIMMYT and from IRRI long term trials)

Straw can be removed in continuous rice systems  provided fertilizer is applied to 

balance nutrient take off with residue.



Recommendations

• Ethanol from cellulose biomass: technology developed by 
private sector, high investment, 10-15 years away

• Thermal conversion
– Focus on straw

– Technical principles are well understood, technologies not optimized 
for straw from smallholder agriculture

– Technical problems are relatively small compared to 
managerial/logistical problems   (is that true?)managerial/logistical problems   (is that true?)

– Large scale: R&D to optimize rice straw combustion

– Small scale: R&D on optimizing pyrolysis (decentralized oil or charcoal 
production)

• No mention of anaerobic digestion  

• Many general recommendations (see meeting report)

• -> included as PL 4.2 in GRiSP



Rice residues in Asia
Annual production 2008: 
≈ 623 Mt rice straw               ≈ 125 Mt rice husk
≈ equal to paddy yield    ≈ 20% of paddy

Rice straw: distributed 

over a large area, often 

still slightly green at 

harvest, often moist, 

difficult to handle;

Rice husks: centrally 

collected at the mills, 

already dry, easy to 

handle;



Rice residues in rice systems

• Traditionally and in extensive systems a valued 

resource and used as fertilizer, fuel, fodder, 

building material, etc. 

• In intensive systems residue removal often a 

problem because the time for removal is short 

(1-3 seasons) and the huge amount.



Rice residues and GHG emissions from rice-

based systems

CH4 NOx

COSOx
CO2

CO2

CO2

CH4

CH4
CO2

NOx

Soot

Anaerobic mineralization of organic 

matter
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Residues in extensive/traditional 

systems

• In extensive/rainfed systems, only one low-yielding 

crop is grown, and much of the straw is used as 

fodder.

• Straw can be fully removed (e.g., very short stubbles 

in India) or long stubbles remains in the field for in India) or long stubbles remains in the field for 

grazing/decomposing (e.g, Thailand)

• Multiple uses common: first as fodder 

and bedding, than as fertilizer and fuel

• Straw improvement for fodder/other 

uses is the appropriate target



Residues in intensive systems

• In intensive/irrigated systems, 1 to 3 high-
yielding crops are grown, and only few of the 
straw is used for other purposes. 

• Straw removal becomes a problem, either 
burned or incorporated;

• Bioenergy solutions are more adequate for 
intensive systems



Residue removal I

As a fodder:

• ≈ 20% of the C is 

released as CH , the 

As farm yard manure, 

compost, or fuel:

• Most of the C is released released as CH4, the 

rest as CO2, some 

release of NOx;

• Remaining manure

• Most of the C is released 

as CO2.



Residue removal II

Field burning:

• ≈ 5% of the C is 

released as CH4, some 

• Straw incorporation and 

anaerobic mineralization:

• ≈ 10% of the C is released released as CH4, some 

release of NOx, ≈ 20% 

of the C becomes 

biochar

• ≈ 10% of the C is released 

as CH4, the rest becomes 

SOM and CO2



Residue removal III

• Complete removal of residues from the field 

(e.g., for bioenergy production) leads to a soil 

organic matter decrease in most agricultural 

systems. However, long-term trials in rice-systems. However, long-term trials in rice-

based systems have shown that soil quality is 

maintained even if all residues are removed.



Estimation of residue amount

• Husks: usually around 20% of paddy rice 
(stable and narrow range)

• Straw: estimated based on harvest index (HI)• Straw: estimated based on harvest index (HI)

• HI = GY / (GY + SY)

• HI ≈ 0.45 – 0.55 for modern varieties

• HI ≈ 0.25 – 0.35 for traditional varieties



Estimation of straw amount

Example for traditional varieties (NE Thailand):

• 2.8 t/ha GY = 6.5 t/ha SY

Example for improved varieties (Philippines):Example for improved varieties (Philippines):

• 4.0 t/ha GY = 4.0 t/ha SY

• HI can also be affected by establishment: 
lower HI in direct seeding, higher in 
transplanting



Harvest techniques determine the 

straw availability
The CLAAS combine cuts low and 

leafs a windrow of straw

The Thai combine cuts high and 

spreads the straw

Similarly, in manual harvest, 

there are regions were farmers 

cut very low (e.g., India), and 

where they cut high (e.g. NE 

Thailand)



Cutting height and straw availability

• Testing two cutting heights at the IRRI farm (GY 

between 2.0-4.9 t/ha, SY between 6.1-9.9 t/ha)

Middle Low Bottom

% of total straw

22 63 15

24 57 1924 57 19

18 65 17

18 69 13

18 64 18

20 58 22

21 59 20

20 66 14

24 63 13

26 58 16

AVG 21 62 17

50 cm

15 cm

0 cm



Composition of rice straw and husk

• Major components 

in husks and straw 

are C > Si > K > N;

• Caloric value is ≈ 15 

MJ/kg;

Element

Rice 

husk

Rice 

straw

Wheat 

straw

C (%) 38.3 33.5

Si (%) 9.0 10.8 3.4

N(%) 0.49 1.08

P(%) 0.03 0.12

K(%) 0.31 1.62 1.28

Ca(%) 0.07 0.24 0.20 MJ/kg;

• Rice straw has 

relatively high alkali 

contents  and a 

high ash value.

Average of 6 husk samples from Cambodia, 

and of 12 straw samples from IRRI

Mg(%) 0.03 0.15

Na(%) 0.01 0.06 0.10

S(%) 0.03 0.18

Fe(ppm) 302 339

Mn(ppm) 218 164

Al (ppm) 49 228

Zn (ppm) 14 28

Crude Ash (%) 21.0 23.2 10.7



Residues and season

Collection and storage will depend on the season 
and the climatic zone:

• At the end of the wet season, fields are 
sometimes still wet, collection is difficult, but 

• At the end of the wet season, fields are 
sometimes still wet, collection is difficult, but 
storage/drying should be easy;

• At the end of the dry season, the fields are mostly 
dry at harvest, collection is easy but 
storage/drying will be difficult in the humid 
conditions of the rainy season.



Residues and climate

• Conditions will always be relatively wet in the 
fully humid tropics (e.g., Indonesia);

• Conditions are mostly dry for collection and • Conditions are mostly dry for collection and 
storage in the semi-humid climates (e.g., NE 
Thailand, E India);

• Intermediate for intermediate climates 
(Philippines, S Vietnam)



Nutrient removal with straw

Assuming a grain and straw yield of 5 t/ha, and a 

straw usage percentage of 83% (low cut), the 

nutrient removal would be:

• 24.9 kg N/ha ≈ 54 kg urea

• 5.0 kg P/ha ≈ 25 kg DAP

• 67.1 kg K/ha ≈ 134 kg MOP



Other issues

• Field size: increasing mechanization in general 

and of straw collection in particular will be 

easier where fields and farms are large;

• However, service suppliers could enable a • However, service suppliers could enable a 

mechanization and straw collection even 

where fields/farms are small;



Bioenergy developments

Cambodia: 200 kW, 

≈0.1 – 0.2 t h-1 husk, 

With increasing energy prices, 

alternative energy sources become 

more interesting, especially where no 

grid available, where energy is not 

subsidized, or where favored by 

politics;≈0.1 – 0.2 t h-1 husk, 

≈ 70 kUS$;

Myanmar: 5-10 kW, 

≈ 0.01-0.02 t h-1 husk, 

≈ 5-7 kUS$;

politics;

Thailand: ≈1000 kW at 

big rice mills;



Bioenergy, biochar, and rice

Bioenergy

Rice residues

Energy 

Avoidance of GHG 

emissions from 

rice fields Bioenergy

production
Energy 
replacement 

of fossil fuel

Biochar
for soil amelioration, C seque-

stration, and nutrient recycling

rice fields



Summary: Advantages of rice-based 

systems for bioenergy

• Residues are a by-product of rice production, their use 

does not compete with food production; 

• Even complete removal of residues does not result in 

decreasing SOM in irrigated rice;

• Removal of rice residues from flooded fields directly 

reduces CH4 emission from field burning or incorporation;

• The high cropping intensity in intensive rice systems 

maximizes biomass production per area and reduces the 

necessary “collection distance”;

• Biochar as a byproduct of bioenergy production could be 

used for carbon sequestration;



Summary

• Improved digestibility seems the adequate research 

target in traditional systems, bioenergy fits best in 

intensive systems;

• Harvest technology will determine the amount of straw 

available for other uses;available for other uses;

• Climatic zone and season determine how easy straw 

collection and storage will be;

• Nutrient removal with straw can be considerable; 

recycling of ash/char would be the best option to 

minimize these losses;



Thanks Thanks 


