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Annually, about 40-60 million tons of postharvest straw are generated in Vietnam. Although considered as renewable
resources and economic goods, straw is still burned in the field because there is no longer needed for cooking, roofing
and fodder as before 1990s. The general economic development of the country and the rural area changed all the
previous practices of using straw. This paper analyzes the socio-economic and technical causes of this phenomenon
and summarizes the economic and environmentally friendly uses of rice straw in the future. In addition, it points out
that policy failures in the management of straw currently exist and that policies for integrated straw management are
needed to improve the value chain in the supply and consumption of straw products; to enhance the effectively use of
this resource and minimize environmental pollution.

Hang ndm phdt sinh khodng 40-60 triéu tdn rom sau thu hoach & Viét Nam. Mdc di duoc coi la tai nguyén tdi tao va hang
héa kinh té, song rom van bj dét bé & ngodi ruéng do khéng con nhu céu nhiéu cho dun ndu, lop mdi nha va chdn nudi nhur
trudc nhirng ndm 1990. Tinh hinh phdt trién kinh té chung cia ddt nudc va khu virc ndng thon da lam thay doi tat cd théi
quen dung rom ra trudc déy. Bai bdo ndy phdn tich mot cénh téng quan nhitng nguyén nhan kinh té - xa hoi va ki thudt dén
dén hién tuong ndy, tong hop nhiing khd ndng st dung kinh té va than thién moi truong cda rom rg trong tuong lai. Ngodi ra
chi'ra nhitng thdt bai vé chinh sdch trong qudn ly rom ra hién nay va cén c6 cdc chinh sdch qudn ly tong hop rom ra dé ndng
cao chudi gid tri trong cung tng va tiéu thu cdc sén phdm rom rq, ting cuong viéc st dung c6 hiéu qud tai nguyén nay va

gidm thiéu 6 nhiém moi truong.
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1. Introduction

Water rice is growing in the three main regions of the
country: the Red River Delta, North and South Central
Coastal regions and Mekong River Delta (MRD, known as
the "Rice Bowl of Vietnam"). Rice plays a very important role
to ensure national food security, contributing about 15%
to agricultural exports (Thai, 2018). The total area of three
rice cropsin 1990 was 6 million hectares with a total output
of 7.8 million tons; after nearly 30 years, the area increased
only 1.3 times, but production increased 5.4 times (in
2016/2017: 7.7 million hectares and 42.7 million tons)
(Nguyen, 2017). From this, about 40-60 million tons of
straw are generated (the coefficient of rice/straw depends
on the type of rice and fluctuates between 1.01+1.42,
accordingto Tran et al., 2014). Rice straw includes the stem
and stubble (hereafter, both together straw), which is
considered as renewable resource and economic good. In
the industrialized countries, the straw is used for many

rice straw management, economic mechanism and policies, supply chain value

economic purposes (non-energy and energy). In many
developing countries, postharvest straw burning is a
recurring phenomenon. Yang et al. (2014) reported that
the average rates of burning wheat, rape and maize straw
reached 65.5%, 75.8% and 57.3% in Anhui province in
the eastern region of China. In Vietnam, the situation has
been similar for many years, causing environmental
pollution and other ecological consequences. The aim of
the article is to investigate and discuss the causes of this
phenomenon, especially regarding the existence of
potential problems in the straw value chain. In addition, the
paper discusses policies needed to promote the use of
straw more economically and environmentally friendly
instead of burning it.

This paper attempts to analyse the past and current
situation of postharvest rice straw use in Vietnam in terms
of socio-economic and technical dimensions, and to
present the policy failures in this area. The right policy in
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rice straw management is necessary. The data used in this
paper are obtained from the General Statistics Office of
Vietnam, from World Bank and other sources mentioned
in the list of references. In addition, a small farmer survey
in Yen Khanh district (Ninh Binh province) and in An Giang
province was conducted by using the in-depth interview
and observation. Different methodologies for the analysis
are used.

2. Change of rice straw use in Vietnam
since 1990s

Although the heat value of straw is much lower than
petroleum (rice straw: 13.5 MJ/kg, rice husk: 14.2 MJ/kg, in
comparison to petroleum/gasoline: 44-46 MJ/kg, according
to the World Nuclear Organization, www.world-
nuclear.org), most of the rice straw was used as an
important burning material in rural areas. Additionally, a
small part was used for cattle feeding, for covering the clay
houses, for composting to obtain organic fertilizer and
others. However, after 1995/1996, the traditional use of
rice straw began to change. Gradually, the household use
of electric kettles and then of rice cookers increased in
rural areas. Since rural households still need to make
home-made feeding for pigs, the cooking material always
consisted of a combination of straw, wood, honeycomb
coal, electricity and natural gas. After 2000, small domestic
pig farming was no longer economical and the feed
industry systematically replaced home-fed feeding so that
straw use was phased out. The following statistics and facts
will illustrate the situation above:

a) Technical conditions: The electricity supply has been
much better than before since the commissioning of Hoa
Binh hydroelectric power plant (producing hydroelectricity
from 5.4 TWh in 1990 to 70.2 TWh in 2017, a growth rate
per annum of 10.6%). The consumption of primary energy
in 1965 was 2.5 million tonnes oil equivalent and increased
to 6.5 million in 1990 and 75.3 million in 2017 (BP, 2019).
The energy consumption per capita has increased rapidly
from 297,226 kg oil equivalent per capita in 1971 to
654,963 in 2013 (World Bank, 2014). In addition, since the
late 1990s, the prices for home appliances such as rice
cookers, electric kettles, electric stoves, gas stoves which
are imported from China and manufactured in Vietnam,
have dropped rapidly.

b) Change of socio-economic conditions: The national
gross domestic product (GDP) per capita increased from
361 USD/head in 2000 to 2,171 USD/person in 2017
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(Nguyen, 2017). Next, with the success of rural poverty
reduction policies, the poverty rate has plummeted and
the standard of living in rural areas has improved. In
addition, the traditional view of the kitchen and the gender
has changed fundamentally: the kitchen is the space not
only for women, but also for men. But the state of the
kitchen needs to be improved. At the same time the
movement/revolution "modernization of the kitchen" is
widespread, the farmers want to show their standard of
living in the village community by the picture of the kitchen,
also kitchen with "modern" equipment. Therefore,
gradually more and more rice straws are replaced mainly
by honeycomb, then by natural gas and/or electricity.
According to Pirelli et al, 2018. firewood consumption
decreased in Vietnam although 34.1% of Vietnamese
households are still using wood and straw for cooking and
only 4.7% of rural households use coal.

) Agricultural and rural development policy of the state:
(c1) The tendency of transition from land-based farming to
intensive agriculture with the aid of chemical fertilizers so
that organic fertilizer is almost completely replaced
(chemical fertilizer used for rice production in Vietnam
increased from 98 kg NPK/ha in 1990 and now to 400-500
kg NPK/ha according to Nguyen, 2014); (c2) The movement
of "Eradicating the cottages with rice straw roof" has been
successful in the whole country, followed by cementing
and concreting rural areas, especially the development of
rural infrastructure when implementing the National
Target Program on New Rural since 2010; (c3) Biogas
program for Vietnam's livestock sector in the first phase
(2003-2006), second phase (2007-2012) and continues to
renew, leading to biogas cookers replacing most straw and
rice husk stoves; (c4) The use of natural gas stoves
increased due to the public and private retail gas
distribution network extending in rural areas; (c5) The
fodder of cows and buffaloes has changed, the raw
material (e.g. rice straw) has been reduced and the mixing
feed increased to produce more meat and milk, rather
than generating power; (c6) Expanding rural electrification,
specifically 70-80% of households were using electricity in
the period 1980-1990, and 98.88% in 2010 ..

Figure 1 shows some of the factors selected to
demonstrate the impact on postharvest straw use. In
general, there has been a big change in the last 30 years.
Up to now, most farmers burn the straw in the fields,
causing  environmental  consequences,  affecting
ecosystems and climate as well as wasting resources. So
where should the state policy start to overcome this
problem?
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Figure 1. Assume the period in using straw: from cooking to field burning (1994-2004) by analysing several relevant factors

(adapted from Nguyen and Vu, 2018)

3. Brief description of straw utilization

Figure 2 presents the definition of straw and stubble (a),
the major components of rice straw (b) and its potential
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Fig. b) Major components of lignocellulosic biomass (source:
rice knowledge bank)
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use (c). Concerning Figure 2¢), the rice straw can be used

for different purposes (in/off-field, with/without energy

utilization). Next, we will review some of the possibilities of
using straw.

Burning

In-field options
Incorporations

Mushroom,
Mulching, fodder

Carbonization,

Rice straw Composting

Non-engergy

MDF, brick, higi-end materials
(silica, biofiber)

Off-field options

Thermal: conbustion, gasification,
pyrolysis, etc.

Energy

Chemical/bio
Biogas, Ethanol, Hydrogen

Fig. c) Options for rice straw management and use (source: rice knowledge bank)

Figure 2. a) Definition of straw and stubble, b) major components of lignocellulosic biomass and c) use options for rice straw

(source: Rice Knowledge Bank, 2019b)

3.1 In-field options

3.1.1 Soil incorporation and humus supply

VanKessel and Horwath (2001) conducted a long-term
study to investigate different methods of managing the rice
straw problem in California (USA). The methods of disposal
included four techniques: burning, soil incorporation,
rolling, and baling & removing the straw. Each of these
methods was compared with and without winter flooding,
resulting in total of eight different methods (burn,
incorporate, roll, bale & remove, burn & flood, incorporate
& flood, roll & flood, bale/remove & flood). The evaluation
criteria are soil fertility and several environmental impacts.
The soil incorporation or rolling combined with winter
flooding were shown to result in the fastest straw
decomposition rates and most significant improvements in
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soil fertility. After five years, the nitrogen fertilizer
requirements were reduced. The air quality impacts are
minimized compared to burning for all the non-burn
options. But the burning of rice straw in the field is capable
of removing some diseases that Webster and Cintas (2001)
studied in California. Under continuous rice cropping,
open field burning has been the primary means of rice
residue disposal and of minimizing the carry over inoculum
of Sclerotium oryzae (Catt.), the cause of stem rot of rice. A
farmer survey by Vu (2018) in Yen Khanh district (Ninh Binh
province) confirmed that: (1) Incorporation of stubble in
Yen Khanh is hardly feasible because the time between two
crop seasons is too short. If the stubble is not flooded, it is
difficult to decompose it. In addition, it makes tillage very
difficult and causes high soil acidity; (2) Burning rice straw
in the field reduces diseases and pests as well weeds
spread from the previous crop to the next one. Now
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farmers use a lot of pesticide and herbicide so that this
relationship is not relevant. In April 2009, a team from the
SUVALIG research project (SUVALIG, 2018) visited the field
in An Giang province in MRD and saw how fast the rice was
harvested, and then there was immediate burning of rice
straw and after that the ground preparation. Rice straw
burning occurs on large area immediately after the
harvest.

3.1.2 Burning

According to Dang et. al (2011), rice straw has different
chemical components: humidity 7.08%, cellulose 42.41%,
hemicellulose  12.65%, lignin  18.62%, extraction
compounds 6.48%, and ash 12.76%. The ash composition
is: Si0, 72,593%, K 2.636%, Na 0.369% and other elements
24.402% and the elemental composition in straw (% of dry
mass) is: C 673.113, H 58.454, O 254.134, N 14.299 and S
0.0000.

When burning these compounds, greenhouse gas
emissions include: 0.7-4.1 g CHs and 0.057-0.19 g N>O/kg
of dry straw and other air pollutant emissions such as SO,
NOx, HCl and to some extent dioxin and furan. Burning
straw is also an important source of aerosol particles such
as coarse dust particles (PM10) and fine particles (PM2.5),
affecting the regional air quality and the earth's radiation
budget. In addition, there are many studies/articles, for
example, Nguyen et. al (2015) who reported the technical,
economic and environmental assessment of rice straw
harvesting methods, or Tran et. al (2014) who estimated
the calculation and measures of rice straw treatment in
some provinces of MRD.

3.2 Off-field options

3.2.1 Non-energy use

a1) Mushroom production: The Ministry of Agriculture and
Rural Development (MARD) in Vietnam aims at developing
the mushroom industry in Vietnam to reach 1 million tons
by 2020 and to create jobs for 1 million workers from
mushroom production. According to the Department of
Crop Production of MARD, Vietnam is cultivating 16 types
of mushrooms with an annual production of about
250,000 tons of fresh mushrooms, leading to an export
turnover of about 25-30 million USD/year. Specifically, the
straw mushroom production is 64,500 tons, ear
mushroom is 120,000 tons, and oyster mushroom is
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60,000 tons. About 90% of straw mushroom is produced
in the MRD, concentrated in the provinces of Soc Trang, An
Giang, Can Tho, Dong Thap and Vinh Long. The major
obstacles to the development of straw mushroom
production are: (1) Straw collection is still difficult. Combine
harvester makes straw to fall on the field and the farmers
must collect it by hand. There is a lack of straw baler
machines as well as transport machines; (2) Problem with
the output for mushrooms. It is estimated that 80% of the
production is consumed domestically and 20% is
exported. Straw mushrooms are exported in the form of
in-salt, canned or dried. Canned and dried are not
favoured by the market. Fresh mushrooms are difficult to
export due to the storage/preservation; (3) Obstacles to
cultivating mushrooms, especially that straw mushrooms
are susceptible to disease.

a2) Animal feed (fodder): Although mechanization in
agriculture has increased in recent years, cattle and
buffaloes are still abundant and serve other purposes.
Feed costs for cattle can account for more than 50% of the
total cost. The area of grass growing in Vietnam is reduced,
so cattle owners still have to rely on straw, although the
nutrients of straw are much lower than grass. The demand
for rice straw for cattle is about 1 ton/year/animal with the
number of cattle and buffaloes in the whole country in
2017 being 2.5 million buffalos and 5.7 million cows.

According to Nguyen (2018), straw is currently being
purchased to produce a fair amount of fodder. The straw
supply is not enough, so we have to import straw at the
price of 400 USD/ton. For example, the company TH
Truemilk buys straw at the price of about 3.2 million
VND/ton. It is estimated that 40% of the purchased rice
straw in the value chain in Hau Giang province is used as
animal feed.

a3) Compost: According to the author’s estimation, the use
of this organic fertilizer will save 20 to 30% of production
costs. In the coming years, when the market requires more
eco-products, the organic fertilizer made from rice straw
would become important. The main problem is replicating
the model and restarting composting in the countryside
because it has been forgotten for the past 20 years when
chemical fertilizers are too cheap. The results of our big
survey in three communes in Danang city in 2013
concerning the rural solid waste management and
composting in frame of the ECUD project (GlZ, 2018)
confirm this conclusion.
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a) Burning in the field b) Composting

Figure 3. Situation of field burning of straw (source: Nghia, 2018) and replication of straw composting model in Hau Giang
province in MRD (source: Le, 2018)

a) Old farmer house of straw and clay b) Modern house of straw and clay

Figure 4. House of straw and clay - past (source photo left: Bao Moi (2017) and present (source photo right: Manh, 2016)

a4) Straw for the paper industry: Straw is considered a  those used in some construction materials (tiles)". In the
promising material source for the paper industry. The  frame of SUVALIG project, a group of Vietnamese and
manual paper making from straw appears quite early in ~ German researchers conduct their research in a similar
Asia, typically in Burma and northern Thailand. The research direction on the exploitation of chemical
advantages of rice straw are: (i) the lignin content is lower ~ components for industrial use (SUVALIG, 2018).
than that of wood so less energy is needed in the
manufacture process; (i) it consumes less chemicals and  a6) Straw for building: Before the 1990s in rural area of
energy during cooking; (i) the straw fibre is tough so  Northern Vietnam, there were many houses built with
provides mechanical strength to the paper powder; and (iv)  straw mixed clay. Then this kind of house was replaced
collecting the straw is easy, so raw materials are abundant.  with a simple brick house. In the future, it is possible to
The disadvantages are: (i) the high silicon content makes it promote the construction of such cheap houses with straw
difficult to recover the chemicals and it wears out the  for low-income households. This requires further research
equipment; (i) high transport costs for straw bales; (iii) the  in the building materials industry (see Fig. 4).
pulp performance is not high; (iv) high-volume water-
retaining in straw fibre is also a problem in separating  a7) others: For the packaging of agricultural products,
water from fibre during paper making. Currently in  flooring in the cowshed, production of heat-resistant
Vietnam, there is no factory producing paper from straw,  panels, handicrafts.
so there is no demand.

3.2.2 Energy use
a5) Medium-density fibreboard (MDF), bricks, high-end
materials (silica, biofibre): Some attempts to extract and/or  straw can be used for thermal combustion and
exploit certain ingredients in the rice straw were indicated  gasification. Currently, second generation biofuels are
in the study by Guzman et al. (2015) who noted: "It is  prioritized for research and use because they will almost
concluded that rice straw ash is a new alternative ceramic  certainly not affect food prices and ensure global food
raw material that can be used as a replacement for the  secyrity. Biomass such as rice straw, cereal stalks and
fluxing (mainly feldspar) and inert (quartz) materials that  other agricultural by-products generated annually in the
are used in the production of triaxial ceramics, including  world reach about half a billion tons, of which Asia
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accounts for 92%. In addition, rice straw is also called
‘pressed wood'. After crushing, the straw is dried and
pressed under high pressure into uniformly shaped
blocks. This is considered a renewable energy source and

a) SUVALIG team visiting a small biochar manufacturing
and heat recovery plant for drying rice in Dong Nai

Province

is a cost effective alternative to other products such as
coal, oil and gas. Some companies in Vietnam have
developed in this direction (Fig. 5).

b) Production of rice straw wood in a company in
Hai Phong city

Figure 5. Production of biochar - photo left (SUVALIG, 2018) and rice straw brickets - photo right (Khanh Minh Import Export

Trading Co., Ltd. (2009))

4. Main policies for straw
management in Vietnam

4.1 The supply and value chain of straw in
Vietnam

a) The supply and value chain of straw in Vietnam are
presented in Figure 6. In this value chain, three
stakeholders play important role: the government, the
farmers and/or the cooperatives generating rice straw, and
the industry, as straw consumer (enterprise, factory). The
government creates a legal basis and the straw market can
regulate itself. According to Nguyen and Gummert (2017),

Component
Suppliers

Fabricator:

Rice

production Distributor

Dealers

Service /
Repair

the straw market model in the MRD provinces like Hau
Giang is well established and functioning. The big straw
customers are mainly the breeding and mushroom farms.
In the period of 2013-2016, the price of straw has almost
doubled from 260,000 VND to 520,000 VND/ha due to the
strong development of mechanization technology in the
collection. The selling price for straw in the field has
dropped about 35% and the market price for straw bale
dropped by 17%. The technology of the straw bale
machine has changed dramatically over the last five years,
resulting in a significant reduction of labour costs. It can be
said that the market will work well if the output is at an
acceptable price. Good prices increase the collection and
increase the investment in collection and transportation
equipment.

Straw Collection  Compacting, storage, transport  Processing

Markets
(mushroom,
cattle feed, etc

Service Traders Producers

providers

Farmers

Micro level |

Macro level

Figure 6. The supply chain and value chain of rice straw in Vietnam (Nguyen and Gummert, 2017)
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4.2 Discussion on the international and
national policies

b1) International trade: Green barriers can produce both
positive and negative impacts on the international trade.
The positive effect is that the Vietnamese agriculture must
switch to clean and organic production, with good
management of post-harvest straw for environmentally
friendly use and a circular economy (increased use of
organic fertilizers such as rice straw composting) playing
an important role. Recently, the European Union - Vietnam
Free Trade Agreement (EVFTA) was signed between the EU
and Vietnam. Under others, the agricultural products,
seafood, sugar, rice, honey, processed agricultural
products, wood products, textiles, footwear, furniture and
the automobile industry will enjoy preferential treatment
from Europe (Viet Nam News, 2019). Following EVFTA,
Vietnam's agricultural products have more export
opportunities to the EU if they meet the EU requirements.

b2) National policies: The Government was assigned with
the task of disseminating and enforcing political and legal
bases as well as national economic policies and
development programs for farmers and industry. So far,
the government has focused more on developing the
national economy based on agricultural and rural
development. For example, the Decree 109/2018/ND-CP
“Organic  agriculture” dated 29.08.2018 providing
preferential terms for small enterprises, cooperatives,
farms and farmer households engaged in organic
agriculture. According to this decree, the government will
fund all organic product certification costs and the costs of
verifying areas eligible for organic production. This means
that a lot organic waste is needed in agricultural
production and the treatment of straw is an important
basis.

Next, the Circular guidance on methods for saving and
efficiently using the energy in agricultural production
issued by MARD and dated 29.06.2018 provides regulation
in terms of collection and re-use of agricultural by-
products such as rice straw, stubble, husk, bagasse, ... as
input materials for other industries such as production of
mushroom production, fertilizer, animal feed, bio-fuel and
biomass (Chapter 2, Article 3).

In order to ensure the energy security, protect the
environment and promote rural economic developmentin
remote areas, on 20.11.2007, the Prime Minister approved
the program "Bio Fuel Development" to 2015, vision 2025".
The project includes the activities of governmental
agencies and enterprises to build a roadmap for the use of
biofuels in Vietnam, the legal framework and policies to
encourage production, as well as building testing models.
The focus is on the experimental production and
distribution of biofuels as well as the investment projects
of the Government to develop biofuels up to 2025. Until
now, the national program of "Biofuel development in
Vietnam" was always the way to go. In the future, Vietnam
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needs to expand the production capacity of the biofuel
plants as well as build medium-scale bio refinery factories
in the important rice regions to use the by-products such
as rice straw, rice husks, corncobs and others.

b3) Industry (relevant producers or straw consumers):
measures to encourage investment in the development of
energy, biogas and biofuel production from straw. The
price of these types of energy must cover production costs
and be profitable for companies. Until now, there are three
ethanol plants (based mainly on cassava) of the Ministry of
Industry and Trade (MOIT) but still under construction and
not being able to operate (Quang Ngai, Binh Phuoc and
Phu Tho Biofuel Production Plants). After nearly 18 years
from the approval of the program "Biofuel development in
Vietnam", the Phu Tho ethanol factory may go bankrupt
due to its unfavourable location and inefficient business
model (Ha, 2018). In addition, the industry must support
the production of straw collectors or baler machines, as
well as transport machines, at appropriate costs. A straw
market should be created whose prices are determined by
the pressure of the policy and the legal basis of the
government and the own value of the straw (Figure 7).

Qmin - straw use for household (cooking
livestock, garden, ...)

Q1 - Sale for mushroom production
Q2 - Sale for many purposes The supply curve
Cost| Qmax - Use of all straws of straw

Benefit |
P2 [----mmmmmmr ey

P
, | £\ political-legal
PO - = | U presure Straw amount
[ in year
0 Qmin Q1 Q2 Qmax

Figure 7. The supply curve of rice straw and the role of
government for the functioning the market

b4) Farmer and/or cooperative: for farmers and
cooperatives, the government has issued legal documents
such as ban, recommendations and instructions not to
burn or reduce burning of rice straw at all levels, from the
central to local level. However, it is also difficult to enforce
this because all are administrative documents. As shown
in Figure 7, the farmers' major consumption of rice straw
must be encouraged and create a straw market at a price
that is suitable to offset the collection and profit margins.

5. Conclusion

Rice straw is one of the least valuable agricultural by-
products, especially in rice exporting countries, as in
Vietnam. The use of post-harvest straw has changed
substantially over the past 30 years, but the government's
policy has slowed down, leading to widespread burning in
the field despite being considered a resource and
economic commodity. In this paper, the role of different
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stakeholders in straw supply and value chain is analysed.
To solve this problem thoroughly, economically and
environmentally as well as in terms of climate protection is
to invest in building biorefinery industries/factories in key
rice areas in the form of state or private investment,
followed by establishment of a good straw market. In order
to do that, it is necessary to have good strategies, policies,
legal bases and economic mechanisms that can be learned
from other countries with much experience in this field.
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