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This study was conducted in Go Cong Tay district (Tien Giang province,
Vietnam) to estimate the potential of using residue from rice production,
particularly, rice straw, to produce biochar at household scale. The annual rice
yield of Go Cong Tay district is 185,072 tons/year. It creates about 233,190 tons
of rice straw per year. Currently, most of these residues are open burned by the
farmers. This study examined the experimental biochar production in different
modes of combustion (6 h, 10 h and 15 h). The results show that 6 h of
combustion is the best condition due to high yield of biochar, less ash and low
amounts of incompleted biochar. With 100 kg of rice straw sticks, 48.25 + 2.25
kg of biochar was produced. The amount of ash and incompleted biochar was
low, 0.75 + 0.13 kg and 3.95 + 1.33 kg, respectively. The thermal energy of
biochar from rice straw is about 4,030 kcal/kg, which is higher than other similar
materials such as chaff, sawdust, etc. The suggested model of biochar production
is compatible with household scale due to the short time of combustion, high
productivity and the method is easy to perform. This practice reduces agricultural
waste, protects soil and creates useful thermal energy for household activities
(e.g., cooking). The ash created from biochar production can be used for

fertilizing.

1. INTRODUCTION

Agriculture is one of the main economic
activities in Vietnam, especially in rice production.
With the two main deltas: Red Reiver delta and
Mekong delta, Vietnam is one of the five top
countries in rice export (FAO, 2016). Agricultural
residue is a concern of developing countries where
the rate of residue per productivity is high. In
natural conditions, decomposition rate of rice straw
is low. There are 6 common practices of rice
straw management in Vietnam: open burning,
incorporation, mushroom plantation, husbandry
feeding, selling and giving to others (Duong and
Yoshiro, 2015). Among these practices, burning rice
straw is very common in the Vietnam countryside
(Duong and Yoshiro, 2015) and it is harmful for the
biosphere. Particularly, soil quality might degrade
because of high temperature, loss of useful
organisms (Mubyana et al., 2007; Tung et al., 2014).
It leads to air pollution due to the high concentration

of toxic components such as CO,, CO, CHi, NOy,
SOy, PMzs, PMi, PAHs, PCDDs va PCDFs
(Mendoza and Samson, 1999; Gadde et al., 2009a;
Gadde et al., 2009b). Emission is harmful to the
community’s health, as well as contributes to climate
change and global warming (Danutawat and Oanh,
2007). In addition, the concentration of nutrients in
rice straw is high, as reported by Rosmizaet et al.
(2012): “25% nitrogen and phosphorus, 50% of
sulfur and 75% potassium”. So, it is wasteful if these
materials are abandoned.

Reproduce is one of the strategies in
environment protection. It reduces waste as well as
increases the utility of materials. There are several
studies and practices on rice straw biochar
application for soil treatment or enrichment (Hoang
et al., 2013; Ruilun et al., 2013; Mahdi et al., 2016;
Nipa et al.,, 2016; Jin et al., 2016). However,
application of biochar as an alternative energy in
Vietnam is lacking (Duong and Yoshiro, 2015).
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Under the context of lacking energy and the rising
awareness of climate change, finding the
environmentally friendly source of energy for
household activities are needed. In this study, rice
straw is used to produce biochar as an alternative
energy for cooking at household scale. In order to
obtain the research purposes, the potential of using
residues and experimental biochar production model
are figured out. Go Cong Tay district (Tien Giang
province), located in the Mekong delta, was chosen
as the study site due to its high area of rice field
(99.9% of its crop area is for rice production) and its
typical agriculture.

2. METHODOLOGY
2.1 Study site description

Tien Giang province belongs to the Mekong
delta, one of the two biggest deltas in Vietnam. It is

69

70 km from Ho Chi Minh City. Similar to other
provinces in Mekong delta, agriculture is the main
economic activity of this province, especially rice
production, which is divided into 3 crops: Winter-
Spring, Summer-Autumn and Autumn-Winter crop.

Go Cong Tay district, located in the East of
Tien Giang province (Figure 1), has an area of
18,441.93 ha and a population of 126,804 (TGSO,
2017). 1t is divided into 13 communes: Vinh Huu,
Long Vinh, Long Binh, Binh Tan, Thanh Cong, Yen
Luong, Thanh Tri, Binh Phu, Dong Son, Dong
Thanh, Binh Nhi, Thanh Nhut and Vinh Binh. The
annual yield of staple-food crops is over 322,586.57
ton/year. Rice is the most dominant food crop in Go
Cong Tay, followed by corn, watermelon, bean, etc.
The total area of rice fields is 32,066 ha (2014) and
the average rice yield is 184,700 tons (TGDOARD,
2015).
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Figure 1. Map of Tien Giang province (TGSO, 2017)

2.2 Estimate emission from rice straw burning
Data is calculated based on the study of
Thongchai and Oanh (2011). Emission for burning
agricultural residues is estimated by formula (1) and
used by Shijian et al. (2009) Thongchai and Oanh
(2011); where Ea is the emission of pollutant i from
burning plant j, i is the pollutant, j is the plant
species, M; is the burned agriculture residue
(kglyear), EFij: emission coefficient of pollutant i
from plant j (g/kg).
EAi,j = Z M]- X EFi’j (l)
EF (g/kg) from rice straw is based on the study
of Gadde et al. (2009a) as follows: PM.s: 8.3; PMo:

9.1; SO,: 0.18; CO,: 1,177; CO: 93; NOx: 2.28; NHs:
4.1; CH4: 9.59; NMVOC: 7.0; EC: 0.51; OC: 2.99.

The biomass yield burned from the plant j (M;)
is estimated by formula (2); where P; is the plant yield
(kglyear), N is rate of residues over yield right after
harvesting (=1.26), D; is dry density of residues each
year (=0.85), B; is the rate of burned residues
(=82.89%) and m; combustion productivity (=0.89)
(Thongchai and Oanh, 2011).

M; = P;x Nix Djx BjX nj; 2

2.3. Field survey and household interviews

The current state of agriculture activities, such
as the productivity, yield, amount of residues, etc.
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were obtained by interviews. In particular, 120
households (belonging to 3 communes: Vinh Binh,
Thanh Nhut, Vinh Huu) took part in the structured
interviews by questionnaires randomly (Table 1).

Table 1. Field survey process

Survey sample

No Communes size (household) Periods

1 Vinh Binh 40 August-

2  Thanh Nhut 40 September,
3 VinhHuu 40 2017

A sampling survey carried out by random
method (Cochran, 1977). Sample size formula is
determined and followed by Yamane (1976):

N
= T ®

n

With N is the Go Cong Tay’s population

(=126,804), and e is the level of precision (=0.1), the

needed sample size called n is 100. In order to

increase the confidence level and ensure typical

features, the survey was conducted with 120
households.

2.4. Estimate the residues

04m

0,6m

Figure 3. Structure of biochar burner

Regarding the structure of biochar burner, it
includes components such as (1) Combustion
chamber that contains the ingredients (biomass)
(V=0.2826 m?®); (2) Pyramid (V=0.045 md); (3)
Smoke outlet (round shape, D=0.1 m); (4) Main gate

The field survey was conducted to collect the
samples used for estimating the residues. In particular,
3 communes were chosen, named Vinh Binh, Thanh
Nhut, Vinh Huu. In each commune, 3 plots (1,000
m?/plot) were chosen randomly. In each big plot, 5
smaller plots (1 m?plot) were taken to collect the
biomass as Figure 2. The rice straw is defined as the
whole rice plant, excluding its ears and roots.

Figure 2. Structure of samples taken

2.5. Biochar production and analysis

Biochar was produced by columniform burner.
This burner was made of bricks and mud with the
specific dimension as shown in Figure 3. Total utility
volume is 0.3276 m?® including: cylinder (V1= 0.2826
mq) and pyramid (V2= 0.045 md).

where a fire is lighted and biochar is placed/removed
(height=0.3 m and widt = 0.2 m); (5) 4 Ventilations
(height=4 cm, width=2 cm); and (6) Steel grate.

Rice straw was compressed into annular sticks
with a diameter of 85 mm and a small hole in the
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center with a radius of 20 mm. The biochar is
produced in 3 different combustion modes: 6 h, 10 h
and 15 h. The same weight of rice straw sticks (=100
kg) is placed inside the burner. Then, the sticks were
started to burn for 5-10 mintutes before closing the
gate. Depending on the combustion mode, the area
of ventilation was adjusted. In particular, the area of
ventilation was 4 cm?, 2 cm? and 1 cm? for 6 h, 10 h
and 15 h combusting modes, respectively. After the
required time (6,10,15 h), these 4 ventilations and
the smoke outlet are closed to decrease combustion.
When the temperture goes down and the burner is
cool naturally, biochar is taken out of the burner.

2.6. Data analysis

The quality of ash was tested by the Center of
Technology and Environmental Management,
Institute of Biotechnology (Nong Lam University).
The quality of biochar was tested and analyzed by

Table 2. Estimated weight of rice straw

Quality assurance and testing center 3 (QUATEST 3,
Ho Chi Minh City). The tested parameters include:
humidity, ash, sulfur, organic matter and thermal
energy. Other social-economic data was analyzed by
SPSS (Norusis, 2005). This study used most of
common descriptive statistic parameters such as
mean, frequency and standard deviation.

3. RESULTS AND DISCUSSION
3.1 Agricultural residues

Rice straw was collected before and after
harvesting at 15 sample plots. The results are
presented in Table 2. With the average rice yield of
5.76 ton/ha (TGDOARD, 2015), the rate of rice
straw over rice yield (per ha) is 7.26/5.76 = 1.26.
According to Nam et al. (2014), the average rate of
rice straw over rice yield in Mekong delta is 0.92-
1.33. Hence, this rate is compatible and acceptable
compared to other studies.

Plot Vinh Binh Thanh Nhut Vinh Huu
(1m?) Before After Before After Before After
harvesting (g) harvesting (g)  harvesting (g) harvesting (g)  harvesting (g) harvesting (g)

1 1,300 750 1,250 710 1,200 750
2 1,150 700 1,150 720 1,200 730
3 1,300 750 1,300 750 1,150 710
4 1,200 710 1,250 750 1,150 700
5 1,250 730 1,150 710 1,250 720
6 1,150 720 1,250 720 1,300 750
7 1,250 700 1,200 700 1,200 720
8 1,200 700 1,300 700 1,300 750
9 1,150 720 1,250 710 1,250 700
10 1,200 730 1,200 740 1,200 750
11 1,300 730 1,250 740 1,250 740
12 1,250 720 1,150 720 1,200 720
13 1,200 710 1,250 730 1,150 740
14 1,150 700 1,300 740 1,200 740
15 1,200 740 1,300 750 1,200 730
Average 1,217 721 1,237 726 1,210 730

By using that rate, the amount of residues in
13 communes is estimated as presented in Table 3.
The annual weight of commercial rice of Go Cong
Tay is 185,072 ton/year and the residues are
233,190.72 ton/year. Based on the farmer’
interviews, there are 5 ways to deal with rice straw

post harvesting. Table 4 presents the usage of these
residues. After collecting the ears, rice straw is
mostly burned on the field by the farmers (82.89%).
They also are buried in soil to enhance the soil
quality (18.75%). The remainder are used for
feeding cows, planting mushroom or selling, etc.



Table 3. Amount of post-harvesting residues

Winter-Spring crop

Summer-Autumn crop

Autumn-Winter crop

l(:loanr?rifr]:es Area Productivity  Yield Area Productivity  Yield Area Productivity  Yield E)tz)%(j;g;r) (F:Sf]i/(:,zzf)
(ha) (ton/ha) (ton) (ha) (ton/ha) (ton) (ha) (ton/ha) (ton)
01 Vinh Binh 354 6.8 2,407 354 5.0 1,770 354 4.85 1,717 5,894.1 7,426.57
02 Thanh Nhut 999 7.2 7,190 999.2 5.23 5,230 987 4.95 4,885 17,304.8 21,804.04
03 Vinh Huu 740 6.83 5,057 728 5.14 3,744 710 4.93 3,501 12,302.3 15,500.90
04 Dong Son 690 7.05 4,865 727 5.18 3,765 727 5.01 3,642 12,271.9 15,462.6
05 Binh Phu 906 6.95 6,295 927.3 5.15 4,776 928 5.01 4,648 15,719.2 19,806.2
06 Dong Thanh 1,075 6.66 7,154 1,070.7 5.2 5,567 1,072 5.09 5,455 18,176.3 22,902.14
07 Thanh Cong 538 6.8 3,660 538.2 5.04 2,713 538 4.95 2,664 9,036.7 11,386.24
08 Binh Nhi 898 7.8 7,008 610 5.48 3,343 725 5.2 3,771 14,1215 17,793.09
09 Yen Luong 682 7.1 4,842 682 51 3,478 682 5.0 3,410 11,730.4 14,780.30
10 Thanh Tri 965 6.99 6,741 965 4.89 4,718 965 4.94 4,767 16,226.5 20,445.39
11 Binh Tan 1,012 7.83 7,924 1,022 51 5,212 1,012 5.04 5,100 18,236.6 22,978.11
12 Long Vinh 793 7.31 5,794 753 4.92 3,707 780 4.99 3,893 13,3945 16,877.07
13 Long Binh 1,195 7.23 8,640 1,195 5.15 6,155 1,168 5.02 5,862 20,657.4 26,028.32
Total 10,847 7.15 77,578 10,571 5.12 54,178 10,648 5.01 53,316 185,072 233,190.72

¢l

8/-89 :(2)9T ‘8T0Z [eUINO[ S82IN0SaY [eJNJeN PUE JUSWUOIIAUT / '[e 18 OLN BunH
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Table 4. Usage of rice straw post-harvesting

Usage of rice straw post-harvesting (%)

Crops Open burn  Feeding cow Mushroom Buried in soil ~ Other (selling, Total
plantation fertilizing, etc.)
Summer-Autumn 73.9 0.8 0.1 25.2 0.01 100
Autumn-Winter 85.29 1.2 1.2 12.3 0.02 100
Winter-Spring 89.5 10 0.45 - 0.042 100
Annual 82.89 12 1.75 18.75 0.072 100

Open rice straw burning is harmful for the
biosphere (Danutawat and Oanh, 2007; Zha et al.,
2013). Firstly, it destroys the population of useful
natural organisms. Secondly, the high temperature
leads the soil quality degradation. Soil loses its
humidity and other minerals. In addition, the carbon
concentration in soil is decreased due to the biomass
removal. Thirdly, it creates air emission. The
emission is harmful for communities and
environment at upper scale, especially in the context
of climate change. The emission coefficients are
estimated in Table 5.

According to Table 3, the total emission from
rice straw buring is 154,025.51 ton/year. The amount

Table 5. Emission from residues burning

of CO- is highest 137,961.37 ton/year (accounted for
89.57% of total emission). The amount of CO is
10,900.93 ton/year (accounting for 7.08% of total
emission) and the other toxic components such as
PMazs, PM1g, SO, NOy, NHs;, CHs, NMVOC, EC,
OC accounted for 3.35% in total. As compared to
study of Thongchai and Oanh (2011), the share of
each parameter is similar to our results. In particular,
there are 2 calculations for air emission from
residues of rice | and rice Il in that study. The
ascending order of sharing emission are: CO,, CO
and the others. This similarity might be due to the
similar characteristic in weather conditions and
agriculture culture between Vietham and Thailand.

Emission Emmision (ton/year)
Parameters coefficient Winter-Spring Summer-Autumn Autumn-Winter Total
(9/kg) crop crop crop
PM2s 8.3 435.96 251.39 285.52 972.87
PM1o 9.1 477.98 275.62 313.04 1,066.64
SO2 0.18 9.45 5.45 6.23 21.13
CO; 1,177 61,822.56 35,649.44 40,489.37 137,961.37
Cco 93 4,884.87 2,816.82 3,199.24 10,900.93
NOx 2.28 119.75 69.05 78.43 267.23
NH; 4.1 215.35 124.18 141.04 480.57
CH4 9.59 503.71 290.46 329.90 1,124.07
NMVOC 7.0 367.67 212.01 240.80 820.48
EC 0.51 26.78 15.44 17.54 59.76
oC 2.99 157.05 90.56 102.85 350.46

NMVOC (Non Methane Volatile Organic Compounds), EC (Element Carbon), OC (Organic Concentration)

3.2 Experimental biochar production and its
quality

3.2.1. Biochar production

Biochar is produced from rice straw by
burning in different conditions as presented in Table
6. With the same input (100 kg of rice straw sticks),
after 6 h of combusting, the amount of biochar

product is 48.25 + 2.25 kg (accounted for 48.25% of
the input). The generated amount of ash and
incomplete biochar is relatively low, respectively
0.75 = 0.13 kg and 3.95 + 1.33 kg. Meanwhile, the
amount of biochar product at 10 h and 15 h
combustion modes are lower than at 6 h mode, and
the amount of ash and incomplete biochar are higher.
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Those results show that amount of biochar
conversion by combusting in a long time is less
effective than the average (about 6 h). Temperature

Table 6. Biochar production in different conditions

is a key factor which significantly influences biochar
production (Ondiej et al., 2013).The final product is
shown in Figure 4.

Combustion Weight of rice straw Weight of biochar Amount of ash Incompleted biochar
mode sticks (kg) (kg) (kg) (kg)

6h 100 48.25 + 2.25 0.75+0.13 3.95+1.33

10h 100 47.05 £ 1.46 0.93+0.17 455+1.12

15h 100 45.05+2.18 1.08 £0.15 5.25+0.71

Figure 4. Biochar products

The optimal condition for biochar production
is combusting rice straw sticks in 6 h. This is the
mode at which combustion time is shortest, amount
of biochar is highest and amount of incomplete
biochar is lowest (Figure 5). Similar to the study of
Jindo et al. (2014), results illustrated biochar
production obtained a high values at 10 h. Thereby
showing the advantage of the experimental model
of producing biochar at household scale is in line
with the actual conditions of locality because of
making use of the rich biomass sources. It is simple
and easy to operate and has relatively short
combusting time. Moreover, biochar contains a high

Table 7. Construction cost

organic concentration, so they can be used for soil
emendation as well as enhancing agricultural plant
productivity (Masulili et al., 2012; Jindo et al.,
2014).

3.2.2. Construction and operation cost

o Construction cost

The construction cost is shown in Table 7. The
burner is built mostly by bricks. The cost for materials
is about 12.3 USD (0.06 USD/brick *200 bricks). The
labor cost is about 10 USD (1 person/day). The burner
can be used for 10 years. Hence, the construction cost
per unit of product is not significant.

Construction cost Unit Amount Price Total (USD)
Materials Brick 200 0.06 USD/brick 12.3
Labor cost Person 1 10 USD/day 10
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Figure 5. Comparison of biochar production in different conditions

o Material preparation

The cost for each kilogram of rice husk sticks
is 0.03 USD (about 640 VND), including: 250
VND/kg rice husk, machine rent: 100 VND/kg, 150
VND/kg for transportation, labor 100 VND/kg,
wastage of input 40 VND/kg (rate of wastage is
15%, get 85 kg rice husk stick for each 100 kg of

Table 8. Cost of material preparation

rice husk) (Table 8).

The cost for each kilogram of rice straw sticks
is 0.04 USD (970 VND), including: 100 VND/kg
rice straws, machine rent: 250 VND/kg, labor 450
VND/kg, wastage of input: 20 VND/Kkg (get 85 kg
rice husk straw for each 100 kg of rice straw) and
150 VND/kg for transportation.

Material preparation

Rice husk sticks (VND)

Rice straw sticks (VND)

Rice husk 250 100

Machine rent 100 250
Transportation 150 150

Labor 100 450

Wastage of input 40 20

Total 640 (0.03 USD) 970 (0.04 USD)

e Operation cost

The production is simple and easy to perform.
It requires labor mostly at the beginning and at the
end of the production. While the burner is active, the
farmers can do another work while spending
attention for burner. Thus, the operation cost is not
significant.

3.2.3 Biochar quality

To evaluate the quality of biochar, some basic
parameters are tested, such as humidity, amount of
ash, sulfur, organic matter and thermal energy.
According to Nguyen and Lehmann (2009), the
organic materialisan important indicator related to
biochar characteristics and quality. The results are
presented in Table 9.

The study of Harvey et al. (2012) showed
that by increasing temperature, hydrogen and oxygen
levels were lost more than the carbon source.
Temperature is an important factor, it affects the
change of carbon level, hydrogen and oxygen
concentration, and biochar characteristics (Bergeron
et al., 2013).The results show that biochar produced
in 6 h combustion mode has 35.3% organic matters
and 4,895 kcal/kg in energy. Those produced in 10 h
and 15 h have 33.5% and 29% organic matter, and
4,945 kcal/kg and 4,750 kcal/kg, respectively.
Biochar has higher thermal energy than other
materials such as chaff (3,500-4,200 kcal/kg),
sawdust (4,385-4,700 kcal/kg), coal-dust (4,000-
5,000 kcal/kg) and compressed rice straw (4,030
kcal/kg).
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Table 9. Components of biochar

Sample Humidity Ash S Organic matters Thermal energy
(%) (%) (mg/kg) (%) (kcal/kg)

Rice straw 6.67 12.50 139.45 44.1 4,030

Biochar produced in 6 h 3.71 25.35 49.63 35.3 4,895

Biochar produced in 10 h 3.86 27.74 32.71 335 4,945

Biochar produced in 15 h 3.76 27.84 29.43 29.0 4,750

3.3.4. Economic benefits

With the approximate price of each kg of rice
straw sticks and rice husk sticks is 1,200 VND (0.05
USD). The profits that farmers can gain for each kg
of rice straw sticks and rice husk sticks are 230 VND
(0.01 USD) and 560 VND (0.03 USD), respectively.

As compared to other commercial coal, the
cost of biochar is much cheaper. The local
households usually tend to use these products due to
its affordable cost (Vongsaysana and Achara,
2009).While the price of coal is about 0.36 USD/kg
(8,000 VND/Kg), the cost of biochar is about 0.05
USD (1,000 VND/kg). In addition, the thermal energy
of biochar is higher than other similar materials.
Hence, it is one way of using biomass in a sustainable
way while creating economic utility for households.
It is suitable to apply this model to rural areas where
the rate of using fuel is high (Suzette et al., 2011;
Wrobel-Tobiszewska et al., 2015). In the context of
fuel shrinking and the increasing price of other
thermal energy, biochar becomes an alternative
energy for rural areas. Especially under the context of
climate change, the residue biomass is a serious air
pollution source if they are burned as is currently
done. Biochar has the ability to aid in coping with the
production of greenhouse gases and climate change
(Woolf et al., 2010; Vaccari et al., 2011).Therefore,
this is a good solution to cut off emission and its
impacts on environmental quality (Le et al,
2013).Another economic benefit from biochar
production is saving the cost of fertilizer as well as
enhancing soil quality (Tingting et al., 2013; Ahmed
et al., 2016). Biochar can be used directly as a
fertilizer or mixed with other commercial fertilizers.
The high carbon concentration in biochar adds carbon
for soil. However, in this study, we do not estimate
this monetary benefit due to time limitation.

4. CONCLUSIONS
Emission from open buring rice straw is
estimated. The green house gas emission from

burning rice straw is high (concentrations of CO;
and CO account for more than 95% of total
emission). It is harmful for the environment and
human health.The potential of producing biochar
from rice straw in Go Cong Tay district is high.
Because of the large area of rice field as well as the
high productivity, rice straw is a cheap and available
material. The experimental burner is simple and
inexpensive. The operation is easy to perform.
Hence, it is compatible with farmers and applicable
for rural areas. The experiment shows that the most
compatible mode for biochar production is
combusting 100 kg of annular rice straw sticks in 6 h
(the area of ventilation is 4 cm?). The amount of
completed biochar is highest, the amount of ash and
the incomplete biochar are low.

The economic benefits from biochar is
estimated. Biochar can be alternative energy for
cooking at household scale due to its higher thermal
energy compare to other types of energy and low
cost.In this study, we have not considered the air
emission from biochar production due to time and
finacial constraints. It will be conducted in another
phase of the study.The biochar can be used direcly as
fertilizer to enrich the soil quality. It not only avoids
the environment impacts from buring rice straw
randomly but also save the cost for fertilizer.
However, this study does not estimate the economic
value of biochar as fertilizer due to time limitation.
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