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 Background and summary of achievements A.

The BMZ-funded rice straw management project aims to improve farmers’ livelihoods by fostering 

sustainable rice straw management that adds value to their rice crop and to reduce the environmental 

footprint from rice production systems. The purpose is to (1) assess different straw management options,  

including their value-adding potential and environmental footprint; (2) provide information and training to 

farmer intermediaries, including the national agricultural research and extension systems, for encouraging 

and advising farmers to use best straw management practices; and (3) provide information to policymakers  

for creating an enabling environment for best-practice straw management. Figure 1 shows the outputs with 

three dimensions of sustainable rice production, including environmental, economic, and social sustainability. 

The project is implemented at IRRI in the Philippines and with NARES partners in Vietnam, Cambodia, and 

the Philippines from February 2016 to February 2019.  

 

Fig. 1. Outputs and output-pathway of the project. 

The project has significantly developed and promoted sustainable technologies and practices for rice straw 

management. Scientific research on greenhouse gas emissions (GHGE), life -cycle assessment (LCA), and 

the value chain of rice straw provided evidence to significantly support the policy decisions on rice straw 

management. Success of the project is illustrated through the following major achievements and impacts:  

i) Developed and promoted sustainable technologies  

 Inoculant-supported rice straw incorporation  

 Mechanized collection of rice straw 

 Compacting of rice straw 

 Mechanized composting  

 Rice straw‒based mushroom production 

 Rice straw silage for cattle feed  

In addition, we are conducting research on pelletizing, carbonization, and bioenergy that are for 

future markets.  

ii) Value chain and business model development 

 Rice straw value chains were analyzed for selected straw-use options and determination of 

future market prospects for rice straw and rice straw products in the context of the structural 

transformation of rice value chains.  

 A subsector analysis of the rice straw mushroom value chain in the Mekong River Delta of 

Vietnam resulted in a value chain map and identified markets for rice straw mushroom 

production. 
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 Business models (BM): The project coordinated and supported pilot business models and 

developed business plans for (1) BM of rice straw collection, (2) BM of mushroom 

production, and (3) BM of rice straw‒based composting.  

 

iii) Scientific evidence on rice straw management and environmental footprint 

 Upstream research on carbonization, composting, and bioenergy. 

 Experiments and analyses on the carbon footprint of conventional straw management 

options under different mechanization levels of harvest/postharvest operations were 

conducted. In addition, measurements of GHGE for composting field trials were included in 

the research. 

 LCA research to identify best rice straw management practices was conducted through an 

experiment at IRRI in six seasons from 2016 to 2018 and in combination with the data on 

rice straw processing and uses resulting from the research of NARES partners.  

 

iv) Dissemination and impact 

Scientific evidence and practical solutions of sustainable rice straw management developed 

under the project reached out directly and indirectly to the different beneficiaries. For instance, 

demonstrations of the mechanized collection of rice straw in 2016 directly reached out and were 

out-scaled to more than 200 service providers of this operation. Value chain research, 

development, training, and demonstrations of sustainable rice straw management options such 

as mushroom production, rice straw silage for cattle fodder, and rice straw composting 

contributed significantly to improving rice straw markets. The project’s activities contributed 

significantly to reduce by 10‒20% rice straw burning in the Mekong River Delta of Vietnam. This 

also means that 5,000‒10,000 farmers benefited by USD 30‒50 per hectare from selling rice 

straw. The scalable sustainable practices in Vietnam were also transferred to Cambodia and the 

Philippines through cross-country training workshops and study tours. The achievements such 

as publications, proceedings, training materials, etc., obtained from this project have been 

shared with other related BMZ projects and organizations such as BRIA and GIZ in Vietnam, 

Cambodia, and the Philippines. Through implementation of this project, we have established a 

joint-research plat form on rice straw with IRRI and NARES partners. We have generated a lot of 

interest in straw-related problems and sustainable management with other organizations and 

projects and are facilitating an exchange with them. This includes, for example, the Centre for 

Sustainable Agricultural Mechanization (CSAM), FAO, ASIA LEDs, AGRITECNICA Asia, etc. 

 

 Key results and discussion B.

 Baseline studies of rice straw management 1.

 Problems with current management practices  1.1.

The development of intensified production systems and high-yielding modern rice varieties that are aimed at  

addressing problems in food security increased the amount of rice straw being left in the field after harvest. 

For instance, the increasing popularity of using combine harvesters  is causing a huge amount of straw to be 

scattered on the field that needs to be managed properly. Because rice straw takes a long time to 

decompose, farmers in intensive cropping systems with short turnaround times between crops have no other 

economically feasible option but to burn the rice straw in the field. This open-field burning practice leads to 

many problems at the farm level and for the environment and society. More sustainable rice straw 

management options exist but are not known to farmers or are not applied because of a lack of technologies  

and suitable business models. Constraints were identified through a multi-stakeholder workshop (Fig. 2). 

 

http://www.unescap.org/event-organizer/centre-sustainable-agricultural-mechanization-csam
http://www.unescap.org/event-organizer/centre-sustainable-agricultural-mechanization-csam
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Fig. 2. Problem tree of rice straw management in the field. 

Open-field burning of rice straw creates harmful impacts on both the environment and the community as it 

emits greenhouse gases (GHGs), depletes soil nutrients, contributes to the degradation of soil properties,  

causes wastage of rice straw residue, and causes pollution with negative effects on health. The emission of 

GHGs into the atmosphere due to rice straw burning has been closely linked to climate change. Among the 

gaseous pollutants emitted are sulfur dioxide (SO2), nitrogen oxide (NOx), hydrogen chloride (HCl), and, to 

some extent, dioxins and furans (Oanh et al 2011, Jenkins et al 2003). Open-field burning also heats up the 

top level of the soil, thus diminishing the bacterial population by more than 50% and decreasing soil 

respiration. The loss of soil organic matter is another recognized threat to sustainability since the stubbles 

are burned as well in open-field burning. Better management options to handle rice straw should therefore 

be explored further and should be widely adopted by farmers. Combine harves ters can still be used but  

should be made more adaptable for improved straw incorporation by attaching shredders to the machine,  

which will uniformly cut straw residue, thereby leaving a layer of mulch on the soil to improve surface 

moisture. Off-field rice straw management solutions and business models should also be identified, piloted,  

and disseminated through suitable business models. Government policies should also be supportive of 

banning open-field straw burning by providing incentives to farmers and by advocating/conducting more 

technology transfer. 

 

 Status of rice straw management 1.2.

1.2.1. Case study of rice straw management in the Philippines 

PhilRice and IRRI assessed rice straw management in the Philippines in 2017-18. Five hundred fifty  

respondents were selected from the top three rice-producing municipalities of Nueva Ecija, Isabela, Ilocos 

Norte, Iloilo, and North Cotabato through a random sampling method. Table 1 profiles rice straw 

management in the Philippines. Of the total of about 14 million tons of rice straw produced in the Philippines,  

open-field burning of rice straw contributes 27‒32%, of which 14% is burned and spread in the field after 

combine harvesting and 13% is burned in piles after machine threshing with stationary threshers; 49‒62% of 

the straw is incorporated and 16‒26% is removed for other purposes such as mushroom and ruminant feed 

production.  
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Table 1. Profile of rice straw management practiced in five provinces of the Philippines in 2017-18. 

Parameters Unit Nueva Ecija Isabela Ilocos Norte Iloilo 

North 

Cotabato 

Total rice area ha 

              

313,448  

              

278,001  

                 

66,298  

              

286,550  

                  

125,868  

Average rice yield, dry 

season per hectare kg 

          

8,750  

          

5,121  

          

2,283  

          

3,458  

              

2,549  

Ave rice yield, wet 

season per hectare kg 

          

7,250  

          

5,681  

          

3,075  

          

4,192  

              

3,231  

Burned and spread in 

the field, dry season   % 

                

19  

                

15  

                  

5  

                

16  

                    

25  

Burned in piles, dry 

season   % 

                

16  

                

10  

                

23  

                

11  

                    

10  

Burned and spread in 

the field, wet season % 

                

16  

                

20  

                  

5  

                

20  

                    

11  

Burned in piles, wet 

season % 

                

12  

                

10  

                

18  

                

14  

                      

9  

Incorporation  % 50 57 49 53 62 

Removal for other 

purposes % 19 16 26 17 18 

1.2.2. Case study of rice straw management in Vietnam 

The percentage of rice straw burning in the Mekong River Delta of Vietnam was analyzed through a collation 

of secondary data collected from previous research in 2013-16 and assessments of balers used for 

collecting straw in 2016-18 (Table 2). The total amount of straw produced in this area is 16‒20 million tons.  

Before 2013, 80‒90% of the rice straw was burned in the field, which was reported in much research and is 

in agreement with the results from our assessment. From 2016 on, with contributions from a demonstration-

contest of mechanized collection technologies conducted under this project, rice straw balers were rapidly  

introduced and reached about 6,000 units operating in the region in March 2018. Assuming a 60-day working 

time per year, this number of balers collects 2.5–3.0 million tons of straw per year. This mechanized practice 

enables the collection of rice straw for rice straw product markets.  

We also conducted some ex ante assessments of rice straw cost and market prices. In 2013, when rice 

straw was left in the field by combine harvesters because of the lack of rice straw collection machines, the 

cost of this by-product spread out in the field was very low at about USD 15/ha (straw amount is 3‒4 t/ha).  

The collection service fee was USD 60‒70/ton. With the rapid development of rice straw collection machines 

in 2016-17 in the Mekong River Delta (MRD), rice straw collection service providers competed in buying rice 

straw in the field, thus causing the cost of raw rice straw to double from its price two years earlier. On the 

other hand, rice straw collection is not much of a technical problem anymore in the MRD for dry seasons and 

the competition among baling service providers has caused a reduction of 20‒30% in the service fee.  

Currently, the prices of baled rice straw in the market, including the cost of 100-km transportation, is USD 

100‒120/ton. Mechanized collection and off-field options for rice straw management contributed to a 

reduction of 10‒20% in in-field burning.   
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Table 2. Rice production and open-field burning of straw in the Mekong River Delta of Vietnam. 

 

Unit 2013 2016 2018 Source 

Rice production million tons 20‒25 20‒25 20‒25 A 

Rice straw  million tons 16‒20 16‒20 16‒20 B 

No. of balers (collecting rice straw) <10 

300‒

500 

5,000‒

6,000 C 

Amount of rice straw collected by balers million tons  0.2‒0.3 2.5‒3.0 C 

Open-field burning  % 80‒90 70‒80 60‒70 D 

a: https://www.gso.gov.vn/default_en.aspx?tabid=778; b: estimated based on rice production, yield, and the 

ratio between rice and rice straw yield; c: assessments made by this project; d: estimated using assessment 

made in 2013 and the straw amount collected by the available operating balers in the region.  

 

 Rice straw management options  2.

Figure 3 shows the options for rice straw management comprising in-field and off-field options. Rice cropping 

system intensification with shorter turnaround time and higher yields and the rapid introduction of combine 

harvesters constitute a game changer because of the larger amounts of straw produced in a shorter period 

of time, and because combines leave the straw spread out on the field. Manual collection is unprofitable 

because of the high labor cost. Incorporation in the soil is also not possible in intensive systems with two to 

three crops per year because the turnaround time is too short for decomposition, leaving the straw with poor 

fertilization properties for the soil and hindering crop establishment. As a result, open-field burning of straw 

has increased dramatically over the last decade. Improved by-product management and technologies that 

can help reduce the environmental footprint of and increase revenues from rice production and processing 

are therefore important for sustainable rice production systems. Rice straw in principle can be processed and 

used in agriculture for purposes such as soil improvement through carbonization and composting, in bio-

energy production, and to produce materials for industrial uses such as silica and bio-fiber. However, not all 

the options are economically feasible because the costs of materials produced from rice straw, including 

transportation cost, are still higher than for materials produced from the other traditional or existing 

feedstocks. Competitive-scalable options for rice straw such as composting and mushroom and cattle feed 

production developed and promoted under this project are described in the next section.  

https://www.gso.gov.vn/default_en.aspx?tabid=778
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Fig. 3. Rice straw management options 

 

 Development of sustainable technologies  3.

 In-field options 3.1.

3.1.1. Effect of Trichoderma inoculant on decomposition of rice straw  

This study was conducted by a collaboration between the University of the Philippines in Los Baños (UPLB) 

and IRRI. We determined the effect of Trichoderma inoculant and method of straw placement on rice straw 

decomposition under field conditions at IRRI. For the laboratory experiment, a 10-week incubation 

experiment was conducted to determine the influence of Trichoderma inoculant on the decomposition of rice 

straw in sterile and unsterile soil conditions using the amount of CO2 released as a measure of 

decomposition (Fig. 4a). The field experiment was conducted to determine the effects of Trichoderma 

inoculation and method of straw placement on the rate of straw decomposition using the litterbag method 

(Fig. 4b).  

 

Fig. 4a. Morphological characteristics of Trichoderma isolated 

from the decomposing rice straw in PDA medium supplemented 

with rose bengal and streptomycin.  

 

Fig. 4b. Incubation setup of nylon litterbags 

in the field. 

 

Trichoderma 
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Trichoderma and total fungal population, nitrogen and carbon concentrations, CO2 evolution, and mass loss 

and decomposition rate were determined and analyzed. A laboratory experiment showed that the Biospark-

treated samples released higher amounts of CO2, in addition to the higher Trichoderma and total fungal 

population, indicating that the higher decomposition rate is brought about by the inoculant. Using mass loss 

analysis, the field experiment results showed that the addition of Trichoderma inoculant did not increase the 

decomposition rate when the inoculated rice straw was incorporated into the soil. Carbon and nitrogen ratio 

analysis was also done to measure the decomposition rate. The analysis showed that the C:N ratio of the 

treatment with Trichoderma decreased faster than in other treatments (Fig. 5). Using this analysis, which is 

more comprehensive than mass loss analysis, the study affirms that using Trichoderma can hasten rice 

straw decomposition in the field after incorporation. This research resulted in an important implication for rice 

straw incorporation with inoculant supports; however, it needs to be verified though longer-time field trials  

and experiments.   

 

Fig. 5. Trendlines of the carbon-nitrogen ratio of decomposing rice straw during 4 weeks of incubation. 

NTSS = Treatment 1: 100 g chopped rice straw at soil surface without Trichoderma activator; NTBG = 

Treatment 2: 100 g chopped rice straw placed below ground without Trichoderma activator; WTSS = 

Treatment 3: 100 g chopped rice straw + 1 g Trichoderma activator at soil surface; WTBG = Treatment 4: 

100 g chopped rice straw + 1 g Trichoderma activator placed below ground. 

 

3.1.2. Comparing rice straw burning and incorporation of rice straw with and without Trichoderma 

support 

This study was conducted by a collaboration among Can Tho University and Loc -Troi Group in Vietnam and 

IRRI in An-Giang Province of the MRD. A paper published from this research can be assessed at  

https://oa.slub-dresden.de/ejournals/jve/article/view/2925. The experiment was conducted during the autumn-

winter seasons of 2016 (August to December) at Dinh Thanh Agricultural Research Center in An Giang 

Province (10
o
18 ′45.19″N; 105

o
18 ′57.87″E). Its design applied a complete randomized design (CRD) with three 

treatments, namely, T1 = incorporation of straw and stubbles treated with Trichoderma, T2 = incorporation of 

stubbles and removal of straw, and T3 = in-field burning of straw. Within this one-season experiment, rice yield 

of T1, T2, and T3 ranged from 4.25 to 4.40 t/ha and there was no significant difference between the three 

treatments (P >0.05). The organic carbon content in the soil sample of T1 was significantly higher than in T2 and 

T3 at 60 and 90 DAS (Fig. 6a). Available nitrogen (N-NH4
+
 + N-NO3

-
) in T1 was also significantly higher than in T2 

and T3 on the sampling days at 30, 60, and 90 DAS (Fig. 6b). These results illustrated that straw incorporation 

improves organic matter in the soil. The difference in nitrogen is in agreement with much other long-term 

research. However, in general, just a single season-crop experiment is not enough to conclude about the effects 

https://oa.slub-dresden.de/ejournals/jve/article/view/2925
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of different straw management on rice yield and soil. This topic would be strongly considered in our next research 

and projects.   
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T1 = incorporation of straw and stubbles treated with Trichoderma; T2 = incorporation of stubbles and 

removal of straw; T3 = in-field burning of straw. 

  

 Off-field options 3.2.

3.2.1. Rice straw mechanized collection  

This study was conducted by a collaboration between IRRI and Nong Lam University in the MRD of Vietnam. 

A paper published from this research can be assessed at  

www.sciencedirect.com/science/article/pii/S0378429016302854. We conducted an analysis of energy efficiency, 

greenhouse gas emissions (GHGE), and the cost of rice straw collection in the MRD for three types of 

collection machines: round baler, self-propelled baler, and loose-straw collection machine (Fig. 7).  

 

Fig. 7a. Round baler.  

 

Fig. 7b. Self-propelled baler. 

 

Fig. 7c. Loose-straw collection 

machine. 

Table 3 shows the rice straw collection costs for the machines investigated. Figure 8 shows the results of the 

comparative analysis of different factors such as capacity, energy efficiency, GHG emissions, and collection 

cost for these machines. With rice straw yield of 4.72 t/ha, the collection machines operated at a capacity of 

0.87‒2.47 t/hour. This mechanized operation can reduce the labor requirement by 90%. The specific weight  

of baled straw ranged from 73 to 104 kg per cubic meter at a moisture content of 12.4% (±1.21%) on a wet  

basis, which is 50‒100% heavier than that of uncompressed loose straw. Total energy consumption, ranging 

from 351 to 588 MJ/ton of straw collected, accounted for 10‒17% of the total energy input when using this  

collected straw for biogas production. Energy consumption from fossil fuels used for the machines resulted in 

GHGE of 60 to 165 kg CO2 equivalent per ton of collected straw. The cost of straw collection, which ranged 

from USD 12 to 18 per ton of straw in the MRD, accounted for 10‒20% of the total investment cost of biogas 

or mushroom production. This study illustrated the feasibility of the mechanization of rice straw collection for 

http://www.sciencedirect.com/science/article/pii/S0378429016302854


11 

 

further processing. Despite the GHGE, perhaps caused through the consumption of fossil fuels, mechanized 

rice straw collection creates more benefits, such as avoiding in-field burning, producing feedstock for further 

sustainable processing, and adding value to rice production. 

Table 3. Cost of rice straw collection (VND/t). 

Baler type Depreciation 

+ interest 

Diesel 

consumption 

Labor Rope for 

baling 

Total 

Baler pulled by tractor  53,450* 30,038 76,500 76,923 236,911 

Self-propelled baler 1 92,570 75,550 34,200 76,923 279,243 

Self-propelled baler 2 165,520 83,483 69,000 76,923 394,926 

Self-propelled baler 3 108,610 137,053 38,100 76,923 360,686 

Self-propelled ‒ gatherer 65,166 48,107 138,000  251,273 

*Depreciation cost only for the baler; it does not include the cost of the tractor. 

 

Fig. 8. Comparison of different factors for the assessed collection machines from LCA results. 

 

3.2.2. Compacting and pelletizing 

This study was conducted in the MRD of Vietnam in a collaboration between Nong Lam University and IRRI.  

The paper published from this research can be assessed at https://oa.slub-

dresden.de/ejournals/jve/article/view/2919. We conducted a techno-economic investigation of rice straw 

densification for producing compressed bales and pellets, which are later used for animal feed. After baling 

in the field, a compacting machine was used to further compress 11 round bales (12 kg/bale) with a density 

of 94 kg/m
3
 into one square bale (132 kg/bale) with a density of 390 kg/m

3
 (Fig. 9). This operation increased 

bale density by 400% and resulted in a reduction of 60% in transportation cost using trucks. The net profit  

that resulted from the compacting operation is USD 0.0062/kg. The pelletizing system and pellet products 

are shown in Figure 10. This operation can increase rice straw product density by 700% (density of pellets is 

666 kg/m
3
). There is also the option to enrich the pellets with nutrients. The enriched rice straw pellets  

(mixing rice straw with bran, maize, and protein) for this trial contained 12.1% protein, 2.8% lipid, 32.7% raw 

fiber, and 11.2% ash. An initial feeding test of this product illustrated the eating desirability of cows.  
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Fig. 9. Rice straw bale compacting. 

 

Fig. 10a. Schematic diagram of pelletizing system. 

 

 

 

 

Fig. 10b. Rice straw pellets. 

 

3.2.3. Rice straw‒based mushroom production 

This study was conducted by Can Tho University in Vietnam with contributions from IRRI as part of the 

project. The study result was then converted into a training manual for mushroom production. Rice straw 

mushrooms, Volvariella volvacea, are considered to be one of the easiest mushrooms to cultivate because 

of their short incubation period of 14 days. This tropical species thrives best at 30‒35 °C for mycelia 

development and at 28‒30 °C for fruiting body production. The main inputs for mushroom growing are rice 

straw, spawn, labor, and water. Harvest of mushrooms usually starts in the third week and ends in the fourth 

week after inoculation. Outdoor mushroom production (Fig. 11a) is a common practice in the MRD. The low 

investment cost is an advantage of this practice. It produces a yield of 0.8 kg of mushroom per 10 kg of dried 

straw and generates a net profit of USD 50‒100/ton of straw. Indoor mushroom production (Fig. 11b) is a 

less common practice because it requires a higher investment cost and strict control of growing conditions.  

On the other hand, indoor mushroom growing produces about 2 kg higher yield per 10 kg of dried straw and 

generates a net profit of USD 100‒120/ton of straw. 

Compacting	system Compacted	bales	weigh	130	kg
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Fig. 11a. Outdoor mushroom growing. 

 

Fig. 11b. Indoor mushroom growing. 

3.2.4. Rice straw silage for cattle feed 

Rice straw has too few nutrients to be used as the only source of food for cattle but is a good feed additive 

and can also be treated to increase the supply of energy and prot ein. In general, the daily recommended 

maximum intake of rice straw by ruminants is 1.0 to 1.5 kg per 100 kg liveweight per day. These intake data 

were collected by interviewing experts from dairy farms and research institutions and also are in agreement 

with results reported in other literature cited at http://www.bdspublishing.com/_webedit/uploaded-

files/All%20Files/Leaflets/Rice%20A4%202pp.pdf. 

Rice straw silage and feeding trials for farm-scale were conducted by the An Giang Division of Animal 

Production in An Giang Province. Initial results of this experiment show that, for cows with about 200 kg 

weight (Fig. 12), (1) intake of urea-treated straw increased 20‒30% compared with that of raw rice straw, and 

(2) the cows fed with 75% grass and 25% urea-treated straw increased the weight rate by 10‒20% 

compared with cows being fed with grass and raw straw using the same ratio. 

  
Fig. 12. Preparation of rice straw silage (left) and feeding (right). 

 

In addition, we visited a dairy farm in Nghe An Province, which has 12,000 head of milk cows and a total of 

16,000 cows and is using about 20,000 tons of rice straw per year. At this industrial scale, rice straw is 

ensilaged after adding 2.4% lime and 2.4% urea (Fig. 13). The product can be used after 2-week ensilaging. 

The cost of this rice straw‒based product is about USD 150/ton, and it can replace imported wheat straw, 

which costs USD 400/ton (according to the nutrient manager of the dairy farm). 
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Fig. 13. Bulk silage of urea-treated straw (left) and feeding (right). 

 

3.2.5. Mechanized composting 

Under a subcontract of the project, a team from the University of Hohenheim designed and fabricated the 

first compost turner at IRRI. The team also conducted a composting experiment with different treatments 

(Fig. 14). The compost produced is recommended as a soil amendment, especially for acidic soils that 

require liming, rather than a growing substrate. It has been shown that it is possible to construct and produce 

an operational compost turner under local conditions. The results of this work could revolutionize the use of 

rice straw in several application areas. With the help of the compost turner, the recycling of rice straw can be 

clearly improved.  

 

Fig. 14. Experiment of composting: Treatments T1 (high), T2 (low), and control before and after first 

turning on day 1. 

Adapting from this research, a down-scaled compost turner designed to fit the 30‒35-HP tractors common in 

the MRD was developed in Vietnam by a team from Nong Lam University, Tien Giang University, and IRRI.  

Field trials of rice straw composting were also conducted from April to August 2018 in Tien Giang Province.  

Compost is produced based on mixing of rice straw, animal manu re, and enzymes using the turner (Fig. 15) 

and ensilage to optimize the composting process. An initial test of this technology in 2018 in the MRD 

illustrated the technical feasibility and attracted a lot of interest from stakeholders. Some major parameters of 

this technology follow: (1) the capacity of the system was 25‒30 t/hour, and (2) the first test producing 

compost for a pomelo garden within 6 months demonstrated that the quality of rice straw compost is equal to  

that of industrial compost.       
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Fig. 15a. Compost turner–front view. 

 

Fig. 15b. Compost turner–rear view. 

 

 Value chain and business models 4.

 Value chain 4.1.

 

Fig. 16. Mapping of rice straw value chain. 

IRRI’s team conducted a study on value chain analysis for selected straw-use options and determination of 

future market prospects for rice straw and rice straw products in the context of the structural transformation 

of rice value chains. We developed a map of the rice straw product value chain (Fig. 16) and analyzed it 

through a series of value chain workshops conducted in the three project countries: Vietnam, Cambodia, and 

the Philippines. The workshops were organized around three key objectives: (i) to identify internal strengths 

Harvesting Collection and physical 
pre-treatment

Straw-based production and markets (BN= bottleneck)

P
ro

d
u

ct
s

In
-f

ie
ld

 s
tr

aw
R

ic
e 

gr
ai

n

Loose form 
straw

Baled       
straw

Compacted 
straw

Chopped 
straw

Briquetted and 
pelleted straw

Fresh mushroom  local market

Processed mushroom (salted, dried) 
 export

Urea-treated  straw  for ruminant 
feed  own use, dairy farm

Compost  own use and local 
market

Brick, Plastic, bio-
board, bio-fiber, silica 
 future market

Bio-energy (Heat, 
power, Bio-fuel) 

future market

(Farmer) producer

BN: safety, fresh-storage quality

BN: safety, quality

BN: safety, quality

BN: quality, labor

BN: limited technology 
and market

Existing market Future market

Industrial scale producerA
ct

o
rs

Rice farmer Trader

Se
rv

ic
e

 
p

ro
vi

d
e

rs

Machinery 
contract

Manufacturers

Repairing

Transportation

In
fl

u
en

ci
n

g 
fa

ct
o

rs

W
ea

th
er

C
ro

p
p

in
g 

sy
st

em
s 

an
d

 
p

ra
ct

ic
es

M
ec

h
’n

an
d

 
p

o
st

h
ar

ve
st

 
p

ra
ct

ic
es

R
ic

e 
va

lu
e 

ch
ai

n
s/

 
lin

ka
ge

p
ro

d
u

ct
io

n
-

m
ar

ke
ts

Po
lic

y 
an

d
 

fi
n

an
ci

al
 

su
p

p
o

rt
s

N
et

w
o

rk
 

an
d

 
le

ar
n

in
g 

al
lia

n
ce

In
fr

a 
st

ru
ct

u
re

R
&

D
 &

te
ch

n
o

lo
gy

B
an

k
p

o
lic

y 
an

d
 

su
p

p
o

rt
s

Li
ve

lih
o

o
d

 
an

d
 

Ec
o

n
o

m
y

Q
u

al
it

y 
st

an
d

ar
d

M
ar

ke
t 

d
em

an
d



16 

 

and weaknesses and external opportunities and constraints of rice straw and rice straw products in the 

context of the structural transformation of rice value chains; (ii) to determine future market prospects for rice 

straw and rice straw products in the context of the structural transformation of rice value chains; and (iii) to 

develop practical strategies in order to upgrade rice straw value chains. Data analysis of this research is 

currently ongoing. The findings will be included in the final report. The rice straw product value chain is  

outlined in Figure 16. 

 Business models 4.2.

A business model (BM) template is being developed under the rice straw project. A spreadsheet was 

developed for financial analysis and the additional calculations such as feedstock potential, markets, energy 

balance, and GHGE balance. We conducted the BM analysis for two case studies in Vietnam: for rice straw 

collection and for composting. Figure 17 shows the canvas of the BM for rice straw baling service while its 

financial analysis is shown in Figure 18. 

 

Fig. 17. Business model canvas for straw collection.  
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Fig. 18. Financial analysis of rice straw collection BM. 

 

Input data

STT Investment $US Total baling and transport cost $US/ton %

1/ Investment cost 5,455 Depreciation 1.68 14.4

1 Equipment 5,000 Interest 0.21 1.8

Baler 5,000 Fuel 2.13 18.2

2

Workshop for parking and 

maintenance

455

Labor 3.53 30.2

2/ Depreciation 2 Tractor rental 3.10 26.5

1 Life span of equipment (year) 5.0 Equip. transport 1.06 9.1

2 Life span of workshop, (year) 7.0 Total 11.71 100

3 Working time a day, (hour/day) 8.0

4 Maintenance coefficience 1.5
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6 Working days each year, (days/year) 90

7 Capacity per year, (tons/year) 1,584

8
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Depreciation cost  of equipment  
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11

Depreciation cost  of workshop 
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0.04
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13

 Total depreciation and maintenance 
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Income ($US/year)  23 760

3/ Interest, ($US/ton) 0.21 Total cost ($US/year)  18 720
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 Greenhouse gas emissions of different rice straw management practices 5.

This study was conducted by the climate change team of IRRI in 2016. The research was published at  

https://www.sciencedirect.com/science/article/pii/S0167880916306302. Another 2016-18 research activity is 

ongoing and the findings will be incorporated in the final report of this project. The experiments for GHGE 

measurements for different practices of straw incorporation into the soil at IRRI’s experiment station show 

that early incorporation of burned rice straw into the field results in lower GHGE than late incorporation. For 

partial straw incorporation, lower emissions were generally observed in late incorporation. Although after the 

first season of the experiments, a slight trend of late incorporation of residues producing higher methane 

emissions during the season was observed, this trend could be more clearly observed for the next two 

seasons. Field trials on GHGE from vermi-composting were conducted at IRRI in 2017. No significant  

difference in terms of GHGE (CH4 and N2O) was observed between plots with and without worm 

incorporation. A moist environment is a major requirement for vermi-composting production. Using manual 

irrigation to sustain this kind of condition, large volumes of water have been consumed, which poses the 

question of economic sustainability. Drip-irrigation is an approach that could be investigated. The compost  

produced was applied at one of the experimental sites in the 2017 WS to measure and compare the 

emissions between plots applied with and without vermi-compost. Data analysis of this experiment is 

currently ongoing. The findings will be included in the final report.  

 

 Life-cycle assessment of rice production with different rice straw 6.

management practices 

This study was conducted by IRRI’s team based on the LCA-boundary shown in Figure 19. The 2016 

research was compiled in a manuscript submitted to the Journal of Energy Efficiency (Springer). Figure 20 

shows the comparative analysis of different practices. As the results  show, the use of rice straw removed 

from the field can increase the net energy obtained from rice production systems by 10 ‒17% compared with 

burning straw in the field. Additionally, complete removal of rice straw reduces GHGE by 10‒20% and by  

35‒45% compared with burning and partial removal and complete straw retention, respectively. These 

results illustrate that rice cultivation with rice straw removal from the field and using it for mushroom or 

bioenergy production significantly improves energy efficiency and reduces the environmental footprint of rice 

production. 

   

 

Fig. 19. Boundary of LCA for rice production with different rice straw options. 
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Fig. 20. Comparing factors of different rice straw management options. 

LCA for rice production with the three straw treatments (burning, complete straw retained, and partial straw 

removal) combined with two additional factors of early and late treatment during the fallow-up period is being 

conducted at IRRI. Data analysis of this experiment is ongoing. The findings will be included in the final 

report. 

 

 Out-scaling and dissemination 7.

Field demonstrations and training activities were conducted to increase awareness and understanding about  

the sustainable technologies and practices. These major activities were highlighted in the documents  

contained in the following links: 

 Proper rice straw management may increase Southeast Asian farmers’ income 

(http://news.irri.org/2016/03/new-project-on-rice-straw-management-to.html) 

 Field day of rice straw management in Cambodia (http://news.irri.org/2016/05/cambodia-assesses-new-

technologies-for.htm) 

 Vietnam technology for growing mushroom using rice straw is a good model for other Asian 

countries (http://ricetoday.irri.org/vietnams-mushroom-growing-technology-using-rice-straw-serves-

as-a-good-model-for-other-asian-countries/) 

 Experts chart future pathways for the rice straw market in Vietnam 

(http://news.irri.org/2017/06/experts-chart-future-pathways-for-rice.html)  

 Experts chart future pathways for the rice straw market in Vietnam 

(http://news.irri.org/2017/06/experts-chart-future-pathways-for-rice.html)  

 Cambodia: Increasing farmers’ income with rice straw (http://news.irri.org/2017/07/)  

 Putting rice straw waste to good use in the Philippines (http://news.irri.org/2017/08/putting-rice-

straw-waste-to-good-use.html) 

 Experts seek alternatives to burning straw (http://vietnamnews.vn/society/449459/experts-seek-

alternatives-to-burning-straw.html#BJ5WMH64uxJf1bGX.97)  

In addition, we are planning to organize three more workshops: 

1) Sustainable rice straw management: Best practices and recommendations for policy in Cambodia. 

This is planned for 21 August 2018. 

2) Final workshop of the project to inform about the achievements and obtain feedback from national 

partners for the next steps such as out-scaling phases, etc. This will be organized as a side event of 

the International Rice Congress 2018 (http://ricecongress2018.irri.org/). 
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3) International workshop and field demos of sustainable rice straw management, planned for Vietnam 

in December 2018. 

Communication and outreach strategies for the project include using the Rice Straw website and IRRI and 

CORIGAP social media plat forms to increase awareness about the Rice Straw project and its activities  

through the website www.ricestraw.irri.org. We also developed training manuals for rice straw balers and 

mushroom production. 

 

 Impacts 8.

 Farmer perceptions of sustainable rice straw management options 8.1.

An IRRI team conducted a social study to evaluate farmer perceptions of sustainable rice straw management 

options with a framework showing in Figure 21. A survey questionnaire was administered to 111 farmers in 

three provinces (An Giang = 38, Can Tho = 35, Tien Giang = 38) of the MRD. Most of the participating 

farmers were males (n = 116, 91%) and on average 51.5 (SD = 12.2) years old. Perceptions were evaluated 

separately for farmers, the environment, and society. Rice straw management practices included the 

incorporation of rice straw into the field; rice straw burning; rice straw collection and compacting; the use of 

rice straw for cattle feed, mushroom production, and biogas production; and the composting of rice straw. In 

general, most participants knew all the practices, with compacting rice straw bales being the least-known 

practice (59% of the participants knew that practice) and burning and rice straw collection being the most 

well-known practices (>95% of the participants knew these practices). The participants also indicated that  

they most often burn straw (85%), incorporate straw (73%), and use rice straw collection methods (61%).  

Using rice straw as cattle feed (17%) and for biogas production (19%) were the least -used management 

options in the past. Results show that rice straw burning was perceived to have the lowest benefits, the 

highest risks, and the lowest acceptance of all the management practices. Nonetheless, perceived risks 

associated with rice straw burning were moderately high (M = 4.3, SD = 1.9) and benefits (M = 2.8, SD = 1.7) 

and acceptance (M = 3.0, SD = 1.9) were intermediate. However, there were significant differences when 

evaluating the benefits to the farmer, society, or the environment, with the highest benefits perceived for the 

farmer. No differences were found for risk perceptions and acceptance of rice straw burning. All other 

management practices were perceived to have high benefits, low risks, and high levels of acceptance.  

Differences between perceptions for the farmer, the environment , and society were detected for benefit  

perceptions of rice straw incorporation, rice straw as cattle feed,  use for mushroom production, and for 

composting rice straw. In each case, the participants perceived higher benefits for the farmer than for the 

environment or society. The participants also indicated how likely they are to use the options for one of their 

three rice-growing seasons. During Dong Xuan (winter-spring), the participants indicated that they are most  

likely to use their rice straw for cattle feed, followed by mushroom production and burning of rice straw. 

During He Thu (summer-autumn), the participants indicated that they will most likely use rice straw 

incorporation into the field, followed by composting and mushroom production. In Mua, the rainy season, the 

farmers indicated that they collect, incorporate, or compost their straw. The results also show that the 

acceptance of rice straw management practices is a significant predictor for participants’ behavioral 

intentions of how they may intend to manage their straw in the following seasons.  

Furthermore, results show that participants have a moderate level of knowledge about climate change; they 

answered on average 43% (M = 2.6, SD = 1.2) of the knowledge questions correctly. Knowledge about  

climate change correlated only with participants’ intention to incorporate rice straw into their fields after the 

next summer crop (r = 0.303); there was no correlation with any of the other variables.  

The present study shows that rice farmers in Vietnam are familiar with most of the rice straw management 

practices but do not use all of them. Traditional practices such as incorporation and burning are the most 

preferred practices; however, after providing information about other management practices , farmers’ 

behavioral intention changed to more environmentally friendly management practices although knowledge 

about climate change did not have an effect on the acceptance or the behavioral intentions of rice straw 

management practices. Furthermore, it has to be noted that only a small amount of variance could be 

explained with the predictors in the model (5‒25%), which suggests that further research is needed to 

evaluate other influential factors. In most cases, farmers’ perceptions of risks and benefits of the different  

http://www.ricestraw.irri.org/
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management practices were similar when evaluating for themselves, the environment , and society 

separately. Therefore, it seems that farmers do not distinguish between these entities. The present study 

shows that providing information about rice straw management practices can have a small but positive effect  

on farmers’ behavioral intentions.   

 

Fig. 21. Framework of farmer perception study. 

 

 Economic and mitigation impacts 8.2.

Sustainable rice straw management options developed and promoted under the project reached out directly 

and indirectly to the different beneficiaries. For instance, demonstrations of the mechanized collection of rice 

straw in 2016 directly reached out and were out-scaled to more than 200 service providers of this operation.  

Value chain research, development, training, and demonstrations of sustainable rice straw management 

options such as mushroom production, rice straw silage for cattle fodder, and rice straw composting 

contributed significantly to improving rice straw markets. The project’s activities contributed significantly to 

reducing by 10‒20% rice straw burning in the Mekong River Delta of Vietnam. This also means that 5,000 ‒

10,000 farmers benefited by USD 30‒50 per hectare from selling rice straw. The sustainable practices in 

Vietnam were also transferred to Cambodia and the Philippines through cross -country training-workshops 

and study tours.  

 Social impacts 8.3.

The achievements such as publications, proceedings, training materials, etc., obtained from this project have 

been up-scaled to policymakers through the rice straw policy workshops organized in Cambodia and 

Vietnam. They are also shared with other related BMZ projects and organizations such as BRIA and GIZ in 

Vietnam, Cambodia, and the Philippines. Through implementation of this project, we have established a 

joint-research plat form on rice straw with IRRI and NARES partners. We have generated a lot of interest in 

straw-related problems and sustainable management with other organizations and projects and are 

facilitating an exchange with them. This includes, for example, the Centre for Sustainable Agricultural 

Mechanization (CSAM), FAO, ASIA LEDs, AGRITECNICA Asia, etc. 

http://www.unescap.org/event-organizer/centre-sustainable-agricultural-mechanization-csam
http://www.unescap.org/event-organizer/centre-sustainable-agricultural-mechanization-csam
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 Capacity impacts  8.4.

We have provided scientific research support and supervision for the following graduate students:  

 MSc Siyun Dingm, University of Hohenheim, graduated with MSc in 2018 with the thesis “Emissions 

and environmental impact of rice straw valorization via carbonization and composting.” 

 Oliver Bumann and Joschua Skala, University of Hohenheim, graduated with MSc in 2018 with the 

thesis “Development, technical implementation and evaluation of a carbonisation and large-scale 

windrow composting system for rice straw in South-East Asia.” 

 Ong Quoc Cuong, PhD student from the University of the Philippines Los Ba ños, is working on the 

thesis “Upgrading rice straw value chain in Vietnam.” 

 Maria Victoria P. Migo, student from the University of the Philippines Los Baños, is working on the 

thesis “Optimization and Life Cycle Assessment of the direct combustion of rice straw using a down -

draft furnace for drying air production.” 

 Francis Mervin S. Chan, student from the University of the Philippines Los Baños, is working on the 

thesis “Comparative performance of single-stage and two-stage anaerobic co-digestion of rice straw 

and carabao manure.” 

 Two BSc students graduated in 2018. 

In addition, we have provided training of trainers on rice straw balers and mushroom production for about  

100 future experts in Vietnam (in collaboration with the Vietnam Sustainable Agricultural Transformation 

project) and about 20 in Cambodia and the Philippines.   

 Scientific impacts 8.5.

Research under this project resulted in the following publications and international conference/workshop 

papers: 

1. Nguyen VH, Balingbing C, Quilty J, Sander B, Demont M, Gummert M. 2017. Processing rice straw 

and rice husk as co-products. In: Achieving sustainable cultivation of rice. Volume 2: Cultivation,  

pest, and disease management. Burleigh Dodds Science Publishing. Series No. AS04. p 121‒148. 

2. Nguyen VH, Topno S, Balingbing C, Nguyen VCN, Roder M, Quilty J, Jamieson C, Thornley P,  

Gummert M. 2016. Generating a positive energy balance from using rice straw for anaerobic  

digestion. Energy Reports 2:117‒122.  

https://www.sciencedirect.com/science/article/pii/S235248471630018X.  

3. Nguyen VH, Nguyen DC, Tran VT, Hau DH, Gummert M. 2016. Energy efficiency, greenhouse gas 

emissions, and cost of rice straw collection in the Mekong River Delta of Vietnam. Field Crops Res .  

198:16‒22. www.sciencedirect.com/science/article/pii/S0378429016302854. 

4. Romasanta RR, Sander BO, Gaihre YK, Alberto MCR, Gummert M, Q uilty J, Nguyen VH, Castalone 

AG, Balingbing C, Sandro J, Correa Jr T, Wassmann R. 2017. How does burning of rice straw affect  

CH4 and N2O emissions? A comparative experiment of different on-field straw management 

practices. Agric. Ecosyst. Environ. 239:143–153.  

www.sciencedirect.com/science/article/pii/S0167880916306302. 

5. Nguyen Van Hung, James Quilty, Bjoern Ole Sander, Carlito Balingbing, Simon Munder, Martin 

Gummert. 2017. Preventing straw burning in the field ‒ how to manage straw more sustainably.  

Keynote speaker for the International Workshop “Can mechanization bridge the way to sustainable 

rice production?” Agritechnica Asia in Bangkok, 15-17 March 2017. www.agritechnica-asia.com/wp-

content/uploads/2017/03/Rice-Seminar.pdf. 

6. Nguyen Van Hung and Martin Gummert. 2017. FAO international workshop “Investing in energy 
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 Examples of adoption and follow-up activities 8.6.

Besides producing the deliverables, the project had a catalyzing effect on rice straw research and rice straw 

management‒related activities and proposals. After an initial IRRI–Supergen project on biogas from rice 

straw and two IRRI studies conducted in collaboration with ENERTIME on electricity generation using rice 

straw and organic Rankine cycle technology as well as a small project with the University of Hohenheim on 

briquetting of rice straw, this project was the first project that researched sustainable rice straw management 

in a value chain context looking at different rice straw management options and verifying sustainability 

parameters for those. Consequently, the project created a lot of attention and many inquiries on information,  

on project outputs, and for writing joint follow-up proposals reached the IRRI team. Some of these follow: 

Inquiries 

 Inquiries about rice straw management through the Rice Knowledge Bank, the Rice Straw 

management website, and by email. The website ricestraw.irri.org had a total of 2,618 page views 

with 69.7% new visits and 30.3% returning visitors. The 61.7% bounce rate means that strategies for 

audience engagement must be revisited. Information about rice straw and its by -products was 

launched in the Rice Knowledge Bank (gen3rkb.irri.org). A total of 6,399 unique page views were 

registered for the page, with 1,918 returning users.  

 Inquiry from a German company making linoleum-type floor panels. 

 Inquiry from a U.S. company about low-density fiber boards.  

 

Proposals with IRRI 

 DA Philippines–IRRI project for out-scaling project outputs on mushroom, animal fodder, and straw 

collection in the Philippines (funded, started). 

 Rice straw compost as a good business model for climate-smart agriculture with NepCon, submitted 

to NCF-funding (NCF-C8-0175). 
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 Piloting and developing business models of rice straw plastic with Regeneration Supply Chains  

(proposal is under development). 

Proposals without IRRI, using project outputs as inputs 

 FAO proposal on rice residue management 

 CSAM proposal on rice straw management 

 

 

 Conclusions and recommendations C.

We have attained all the major deliverables planned under this project. The developed sustainable rice straw 

management practices such as mechanized collection, mushroom production, rice straw silage for cattle 

fodder, and rice straw composting contributed significantly  to improving rice straw markets. The project’s 

activities contributed significantly to reducing by 10‒20% rice straw burning in the Mekong River Delta of 

Vietnam. The project helped to add a value of USD 30‒50/ha to rice production. The good and sustainable 

practices in Vietnam were also transferred to Cambodia and the Philippines through cross -country training-

workshops and study tours. The scientific achievements such as publications, proceedings, training 

materials, etc., obtained from this project also have good impacts on the research and policy sectors.  

However, this is one of the pioneer projects exploring and developing technologies that enable markets and 

generate scientific evidence for sustainable rice straw management. With limited time, it needs to have a 

further scaling phase with the following recommendations: 

 Follow-up proposals for topics that cannot be covered in this project because of the limited time such 

as the requirement for longer experiments to identify the agronomic effects of carbonization,  

composting, incorporation with decomposition enhanced by inoculants, rice straw silage for cattle 

feed, bioenergy, etc.  

 A scaling phase to explore and adapt the sustainable practices and business  models such as 

mechanized collection, composting, and improved mushroom production to other countries that  

urgently need to solve rice straw burning problems such as Cambodia, Myanmar, Thailand, India,  

etc. 

 Assessment and research and piloting of more com plex products and their value chains such as  

fiberboard, construction materials, biodegradable plastic replacement from straw, and bio-refineries. 

  


