J. Viet. Env. 2018, 10(1):33-40
DOI: 10.13141/jve.vol10.nol.pp33-40

@)ovne |

REVIEW PAPER

=" JOURNAL

) of VIETNAMESE

b
1
l

4 ENVIRONMENT

==

The potential of electricity generation from the major
agricultural wastes in the Mekong Delta of Vietham

Tiém ndng phat dién tir mét sé chat thai néng nghiép chinh ¢ déng bang séng Cuu long

NGUYEN Vo Chau Ngan'*; NGUYEN Thi Thuy’; NGUYEN Le Phuong’

“College of Environment and Natural Resources, Can Tho University, 3-2 street, Can Tho city, Vietnam; *Project on “Sustainable Biogas Production from
Waste Rice Straw”, Can Tho University, 3-2 street, Can Tho city, Vietnam; *Hau Giang Industrial Zones Authority, Hau Giang province, Vietnam

Dedicated to Dr. Nguyen Van Be

Agricultural activities produce a large quantity of waste each year in the Mekong Delta. For example, appropriately
26.86 million tons of rice straw, 5.37 million tons of rice husks, 1.33 million tons of bagasse and 0.59 million tons of
corn straw were produced in 2016. Despite such a huge quantity of agricultural waste, the waste has been rarely used
effectively. Around 54.1 - 98.0% of rice straw is normally burnt on the field; only 20 - 50% of rice husk is used for pellet
or energy purposes; a few sugar-cane factories apply bagasse feeding to steam cookers, and a small quantity of corn
straw is used as livestock feeding. If this biomass source is used for electricity generation, in theory, for the period of
2006 - 2020, it is estimated that this source can potentially generate 1203 million MWh/year from rice straw, 236
million MWh/year from rice husk, 45 million MWh/year from bagasse, and 40 million MWh/year from corn straw.
Electricity generation of biomass source will not only solve the problem of environmental pollution caused by
agricultural waste but also meet increasing energy demands for socio-economic development in this region.

Hang ndm lwong chét thdi phdt sinh tir mét sé loai hinh canh tdc néng nghiép chinh & DBSCL rét Idn. Chi tinh riéng ndm
2016 ghi nhdn thai ra khodng 26,86 triéu tdn rom ra; 5,37 triéu tén vé trdu; 1,33 triéu tdn bd mia va 0,59 triéu tdn thén
cdy bdp. Luong chdt thdi phdt sinh I6n nhung cdc bién phdp s dung nhitng nguédn sinh khéi ndy chua da dang, rom ra
phan Idn duwoc ngudi dén dét truc tiép ngay trén déng ruéng chiém 54,1 - 98,0% Iurong rom ra théi ra; chi cé khodng 20
- 50% lwong vé tréu duoc stz dung; bd mia chi duoc mét sé nha mdy st dung dé dét cho 16 hoi; mét lwong nhé thdn céy
bép duwoc ngudi dén stz dung cho chén nuéi. Néu cd thé tan dung cdc ngudn sinh khéi nay dé san xuét dién thi tiém ndng
ly thuyét wdc tinh tir ndm 2005 dén 2020 cia rom ra I 1203 triéu MWh/ndm; vé tréu ld 236 triéu MWh/ném; bd mia
la 45 triu MWh/ndm; va thdn cdy bép Id 40 triéu MWh/ndm. Sén xudt dién tir cdc ngudn sinh khdi nay khéng chi gidi
quyét luong phé phdm néng nghiép phdt sinh, gidm thiéu é nhiém méi trudng ma con cé thé tao ra ngudn dién cung

cdp cho nhu cdu phdt trién cda ving.
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1. Background

Vietnam is a developing country with an increasing
demand for energy. In the past 10 years, there was a fast-
rising demand for energy (10%) and electricity (14.5%)
(COGEN 3 - EC-ASEAN COGEN Programme, 2003). It is
estimated that the demand for electricity and energy will
be 6 and 4 times higher in the next 20 years (Prime
Minister, 2012). Due to limited reserves, traditional energy
sources are gradually depleted while the demand is
increasing. In Vietnam, it is estimated that the energy
sector will be vulnerable in the near future due to its strong
dependence on fossil-based energy. The ratio of fossil oil
within total primary energy consumption is expected to
increase from 42% in 2002 to 69% in 2030 while renewable

corn straw, renewable energy, rice husk, rice straw, sugar-cane bagasse

energy ratio is decreasing from 58% to 22% at the same
period due to a total increase in energy generation
(Nguyen Ngoc Hoang, 2015). As fossil energy exploitation
and application cause environmental issues, development
of renewable energies could be a key point to optimize the
use of fossil energy to limit environmental pollution during
the exploitation and use of fossil energy.

As an agricultural nation, Vietnam has a high potential for
renewable energy, especially biomass consisting of
agricultural by-products or residues. Electric production
from biomass sources could be an ideal supplement to deal
with electricity shortages, helping to diversify energy
sources and to ensure national energy security.
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The Mekong Delta (MD), known as a “rice bowl”, is one of
two main agricultural production areas in Vietnam. As a
result, every year a huge quantity of agricultural residues
including rice straw, rice husk, bagasse, corn stalk, etc. is
discharged to open environment. In particular, rice straw
produced in the MD was 26.2 million tons in 2012 (Nguyen
& Tran, 2015). However, these types of waste are not used
in a sustainable and effective way while several studies
reported that these wastes could be used as input
materials to produce electricity (Jenjariyakosoln, 2014;
Suramaythangkoor, 2010). Therefore, this study was
aimed to evaluate the current status and possibility of
application of agricultural residues (such as rice straw, rice
husk, bagasse, and corn stalk) to generate electricity in the
MD to help the region make use of the residues
economically and friendly to the environment.

2. Methodology
2.1 Data collection

For a better understanding of the quantities of biomass
resources, production numbers from agriculture were
gathered from the National Yearly Statistical Book of
Vietnam.

2.2 Potential of agricultural residues

The theoretical potential of agricultural residues in the MD
was estimated on the basis of the yearly statistic yearbook
data for agricultural production, residue-to-production
ratio:

AR = AP x RAP
where:
AR: agricultural residues (ton/year)

AP: agriculture production (ton/year)
RAP: ratio of residue/plant production (ton/ton)

Table 1. RAP value of studied plants

No. RAP Value (ton/ton)
1 Straw/rice 1.0
2 Husk/rice 0.2
3 Bagasse/sugar-cane 0.3
4 Corn stalk/corn 2.5

(Source: Leinonen & Nguyen, 2013)
2.2 Potential for electricity production

The theoretical potential for electricity production from
agricultural residue:

E=ARXQ

where:
E: potentially produced electricity (MWh/year)
AR: agricultural residue (ton/year)
Q: calorific value of material (kWh/kg)
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Table 2. Thermogenetic of agricultural residues

No. Residue from Caloric value (kWh/kg)
1 Rice straw 3.0-3.5

2 Rice husk 3.0-34

3 Bagasse 2.1

4 Corn stalk 46-4.7

(Source: Barz, 2014)

3. Results and discussions
3.1 Rice straw
3.1.1 The current status of rice straw usage

The rice production area in the MD is approximately 4.4
million hectares (55% of the national area), making the MD
the biggest rice cultivation region in the nation with 24.3
million tons of rice in 2013 (GSO, 2016). Based on
conditions such as rice variation, harvest methodology, soil
properties, etc., it can be assumed that rice straw
discharge on the field is equal to the quantity of rice
production (ratio of 1 : 1) (Leinonen & Nguyen, 2013).
Although the amount of rice straw is increasing each year
and therewith the increase in paddy rice, the traditional
usage of rice straw decreases.

Figure 1. Rice straw burning causing pollution gases

In the past, rice straw was used for domestic cooking, but
improved living conditions have ended this practice. At the
moment, part of rice straw is utilized for mushroom
cultivation, vegetable planting, cattle feed, pig bedding,
etc. According to Nguyen & Tran (2015), a previous survey
on rice straw usage at 400 rice farming households in the
MD revealed that the most popular rice straw treatment is
on-field burning with 54.1 to 98.0% of the surveyed
households, and burying in the field of 6.7 to 26.1%
(different values due to different season of the year) (Table
3). These straw treatment methods can bring no benefits
to local farmers but can cause environmental pollution.
Burning 1 ton of straw could emit 36.32 kg of CO, 4.54 kg
of hydrocarbon, 3.18 kg of ash, and 56 kg of CO, (Ngo &
Duong, 2005); these gases are harmful to people and cause
greenhouse effects.
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Table 3. The straw treatment methods in the MD

No. Method Treatment ratio (%)
crop  2™crop 3“crop
1 Selling 0.73 1.27 2.92
2 Burning 98.23 89.67 54.1
3 Mushroom 0.99 1.26 8.14
planting
4 Burying - 6.65 26.1
5  Throwing away 0.06 1.13 1.65
6  Livestock feeding - 0.02 0.36
7  Leaving on-field - - 6.74

(Source: Nguyen & Tran, 2015)

Note: 1 crop: Winter - Spring
2" crop: Summer - Autumn
3" crop: Autumn - Winter

Burying rice straw on-field after harvesting creates an
anaerobic fermentation condition in the soil profile,
causing rice plants to die due to damage of their roots by
organic poisoning, and rice production decrease (Nguyen
Thanh Hoi, 2008). A few uses for rice straw that bring profit
to farmers are mushroom cultivation (0.99 - 8.14%) and
livestock husbandry (0.02 - 0.36%). However, these
applications are used only at household scale.

3.1.2 Theoretical potential of electric power from rice
straw

The use of straw as an energy source is realized in several
countries. In Europe, Denmark was the first one that
developed power plants using agricultural wastes, and the
first electricity plant using straw as input material was built
in 1989. In 2002, other large-scale electricity plants were
built at Ely - UK (38 MW) and Sanglesa - Spain (25 MW)
(Suramaythangkoor & Gheewala, 2010). In Asia, since 1992
there has been a 10 MW biomass electricity plant with
fluidized bed technology built at Punjab - India, but due to
technical problems at the feeding unit, the plant could not
operate satisfyingly. In 2004, this plant was recovered by
replacing a new feeding unit which could apply straw, rice
husk, sawdust, etc. as raw materials. In China, two biomass
electricity plants were constructed in 2007 - one of 25 MW
in Jiangsu city and the other of 12 MW at Hebei city
(Suramaythangkoor & Gheewala, 2010).

According to the Vietnam Master Plan on agricultural
production development to 2020, vision to 2030 (Prime
Minister, 2012) which was signed by the Prime Minister on
February 2" 2012, the growth rate of agriculture, seafood
and forestry production value is from 4.3 to 4.7% per year.
By such an estimated growth rate of rice production,
annual rice straw discharge will increase greatly. Figure 2
indicates that the theoretical potential of electricity
production from rice straw in the MD from 2006 to 2020 is
significant. In the MD, with a huge quantity of straw
discharged annually, it could be a great opportunity to
produce electricity from this residue.
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Figure 2. Theoretical potential of rice straw for electricity
production in the MD

3.2 Rice husk
3.2.1 The current status of rice husks

Rice husks (or rice hulls) are the hard protecting coverings
of grains of rice which will be separated out of rice seed in
a rubbing process. After the rubbing process, rice husks in
the form of dry material and small pieces detach
themselves, break up and become soft and easy for
transportation. As it is hard for a micro-organism to
degrade rice husks due to their high macromolecule fibre,
storage and preservation of rice husks are simple. In
addition, rice husks can be used as building material,
fertilizer, insulation material, or fuel.

Figure 3. Rice husks residue in rice mills

It is estimated that the ratio of rice husks to rice seeds is
0.2 (Leinonen & Nguyen, 2013), the annual discharge of
rice husks is more than 4 million tons in the MD. Though a
huge amount of rice husk is available, the use of this
residue is limited and less efficient. Around 20% of rice
husk was put to use for households’ activities such as
cooking, lime baking, or brick baking in the MD (Nguyen
Van Song, 2009). Another survey at 108 rice processing
plants located at 14 districts in Can Tho, An Giang, Kien
Giang, Hau Giang and Soc Trang displayed that around 50%
of rice husks was sold for domestic cooking fuel and
fertilizer purposes, but around 232.000 tons of rice husks
remained un-used (Tan Hien, 2010). The quantity of rice
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husk in the MD region changes during the year. Normally,
the peak season of paddy milling is from February until
June. After this period the paddy milling capacity reduces
slowly until October. In November, December and January
nearly all rice mills operate periodically or stop their
operation. Therefore, the supply of rice is not enough for
rice husk power plants in these months. As such, storing
rice husk is necessary (Leinonen & Nguyen, 2013).

3.2.2 Theoretical potential of electricity production from
rice husk

As paddy rice production increases annually, the quantity
of rice husk increases accordingly. It is easy to collect rice
husks when this residue is generated at rice processing
factories. Rice husks could be used as raw material to
produce electricity (Orkide & Jyrki, 2012; Shafiea et al.,
2012). There is an opportunity to use this huge source of
material for electricity generation that serves for the
development demand of the MD.

According to the report on development feasibility of
biomass power plants (Nguyen Van Song, 2009), the yearly
available rice husks of 1.4 - 1.5 million tons in the MD could
be used for 5 rice husk power plants with the capacity of
11 MW for each plant. Application of rice husks for
electricity generation can not only solve a huge quantity of
agricultural residue that causes pollution at rice growing
locations (An Giang, Can Tho, Dong Thap, Long An, and Tien
Giang) but also produces a green energy source for clean
development mechanism.
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Figure 4. Rice husk pellets for fuel

In the MD there is one 50 kW rice husk fired co-generation
system that has been installed as a demonstration plant at
the Food Milling and Processing Enterprise No. 2 in Long
An province. The project has been implemented in 1999
with financial support from the Australian government.
The co-generation system consists of a 2.5 ton per hour
fluidized bed boiler, a 50 kW steam turbo-generator, a heat
exchanger and three paddy dryers. Another project
applying rice husk is made by Dinh Hai Cogen Joint Stock
Company to build the first steam power plant at Tra Noc
Industrial Park (in Can Tho city) in 2006. The power plant
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produces steam of 25 tons of rice husk per hour (6000
hours per year) that is used by surrounding industrial
companies. The annual consumption of rice husks in this
power plant is 37,500 tons which is equivalent to 150,000
MWh of electricity. The target of the company is to build a
turbine of 7 MWe in the future. Nevertheless, both of the
plants stopped operation because of low economic
efficiency (Leinonen & Nguyen, 2013).
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Figure 5. Theoretical potential of rice husks for electricity
production in the MD

3.3 Bagasse
3.3.1 Current status of bagasse at the MD

Beside rice straw and rice husks, the most available
biomass in the MD, bagasse is another huge source for
energy production. Although sugarcane is growing acreage
in the MD accounting for around 16% of the total national
area, the average cane yield of 86 tonnes per hectare in
this region is the highest in the country (Nhan Pham, 2014).
The sugar industry has achieved a certain development
that basically meets the domestic demand; and more
importantly, created millions of jobs.

Figure 6. Bagasse from Vi Thanh Sugarcane Company
(Source: Gia Nguyen)

With a bagasse-to-sugarcane ratio of 30% (Leinonen &
Nguyen, 2013), the amount of bagasse created is
considerably high. By the combination of heat and power
(CHP), sugar mills apply bagasse to run steam boilers and
supply electricity and heat for their own use. Since the
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heating value of bagasse is 2,340 kcal/kg, it is estimated
that around 80% of bagasse is applied for the required
steam and heating from each sugar mill (Nguyen Minh
Tung, 2009). The remaining part could be used for livestock
feeding or simply released into open spaces, especially into
a water body and this causes pollutions to local residential
areas.

In 2013, the total installed power capacity of the CHP
plants was about 150 MW of electricity (Leinonen &
Nguyen, 2013). On March 24" 2014, the Prime Minister
approved Decision No. 24/2014/Qb-TTg on supporting the
development of biomass power projects in Vietnam. EVN
will purchase all electricity which is generated from
biomass power plants with a price of 1,220 VND/kWh ~ US
5.8 cents/kWh (excluding VAT, adjusting due to
fluctuations in the exchange rate of VND/USD). As a result,
in the crop year of 2015 - 2016, the designed power
capacity of CHP plants was adjusted to 362 MW electricity,
and this value could increase up to 457 MW electricity in
the crop year of 2016 - 2017 (TTXVN/ VIETNAM®, 2016).

3.3.2 Theoretical potential of electricity production from
bagasse

The theoretical potential of electricity produced from
bagasse increases each year due to the increase in sugar
production (Figure 7). The combustion of bagasse in power
plants not only produces steam and heating serving for
sugar mills themselves but also limits environmental
pollution. The heating of one ton of bagasse with 50%
moisture content is equal to 0.213 ton of raw oil, and the
use of one ton of bagasse to produce electricity could
reduce 0.55 ton of CO, emission (Nguyen Van Loc, 2014).
Besides that, the surplus electricity could be connected to
the grid that brings more financial benefits to sugar
enterprises.
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Figure 7. Theoretical potential of bagasse for electricity
production in the MD

Leinonen & Nguyen (2013) introduced a good example of
applying bagasse to produce steam. Ben Tre Sugar Mill
started its operation in 1998 with its average capacity of
2,000 tons of sugar cane per day. This sugar mill is in
operation for 7 months (200 days) from October to April
per year. The amount of bagasse production is about
84,000 tons (176,000 MWh or 635,000 GJ) per year. The
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power plant of the company consists of two boilers, and
bagasse as the by-product of the sugar mill is used as fuel
in the power plant. Each boiler produces 20 tons of steam
per hour. The pressure of the steam is 26.5 bars, and the
temperature is 400°C. The steam is used for electricity
production in a backpressure turbine and generator. After
the turbine, the low-pressure steam is used for sugar
processing. The electricity production capacity of both
turbines is 1.5 MW. The sugar mill sells part of the surplus
electricity (0.2 MW) to its neighbouring company. The
bagasse consumption of each boiler is 12 - 15 tons per
hour, so the total fuel consumption of the two boilers is
about 76,000 tons of bagasse (160,000 MWh, 576,000 GJ)
per year. This means that each boiler uses about 38,000
tons of bagasse. The surplus of bagasse (8,000 tons) in the
sugar mill is used for pellet production.

3.4 Corn stalk
3.4.1 Current status of corn stalk in the MD

Corn is the second largest annual crop in Viet Nam after
rice in terms of cultivated area. However, in the MD, the
production-consumption of corn is not as popular as in the
mountainous regions with poor soil fertility. Indeed, the
corn harvest area in the MD only reached 34,900 ha in
2005, after 10 years the harvest area slightly increases to
38.100 ha. Thus, corn production in the MD was around
225.000 tons in 2015.

As the corn stalk/corn grain ratio is 2.5 (Leinonen &
Nguyen, 2013), the corn stalk discharged on-field was
estimated to be around 560,000 tons in 2015. This biomass
could be used for livestock feeding, but this practice is not
popular in the MD as local farmers normally raise livestock
at small scale. According to a study from NL Agency (2012),
around 18% of this residue is used for animal feed. Hence
a large portion of corn stalk (82%) is usually burned on-
field, causing air pollution and greenhouse gas emission.
Corn stalk is largely available in the MD and could
potentially be used for electricity generation, but
currently, it is used ineffectively.

(Source: Phan Thanh Son)
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3.4.2 Theoretical potential of electricity production from
corn stalk

Figure 9 presents the annual corn yields and corn stalk
production in the MD. Using corn stalk for power
generation could reduce pollution and produce energy in
the MD. Potential producing electricity from corn stalk can
contribute from 2.7x10° to 2.9x10° MWh electricity to the
grid for not only the MD but also for the nation.
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Figure 9. Theory potential of corn stalk for electricity
production in the MD

3.5 Discussions

The MD discharges crop residues in a large quantity yearly.
Based on the available sources, the mentioned residues
can be classified into two categories - (i) the agricultural
residues including rice straw and corn stalk, and (ii) agro-
industrial residues including rice husk and bagasse. To
produce electricity power from these residues, there are
conversion technologies to be applied such as torrefaction,
combustion, gasification, briquettes, aerobic (co)digestion,
anaerobic (co)digestion, pyrolysis, etc. From a previous
study by NL Agency (2012), only combustion method could
be applied for all residues.

Table 4. Different conversion technologies
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(Source: NL Agency, 2012)

Table 5 showed the average percentage of the potential of
electric power production from the four major biomass
sources in the MD.

Table 5. Average percentage of the potential of electric power production from various biomass sources

Biomass Rice straw (%) Rice husk (%) Bagasse (%) Corn stalk (%)
Year Yield Power Yield Power Yield Power Yield Power
2010 77.60 78.59 15.52 15.48 5.09 3.33 1.80 2.60
2011 77.85 78.75 15.57 15.51 4.77 3.12 1.81 2.63
2012 77.93 78.87 15.59 15.53 4.77 3.12 1.71 2.48
2013 77.95 78.84 15.59 15.53 4.68 3.06 1.78 2.57
2014 78.16 78.99 15.63 15.55 4.44 2.90 1.77 2.56
2015 78.65 79.35 15.73 15.63 3.89 2.54 1.72 2.48
2016 78.65 79.35 15.73 15.63 3.89 2.54 1.72 2.48
2017 78.65 79.35 15.73 15.63 3.89 2.54 1.72 2.48
2018 78.65 79.35 15.73 15.63 3.89 2.54 1.72 2.48
2019 78.65 79.35 15.73 15.63 3.89 2.54 1.72 2.48
2020 78.65 79.35 15.73 15.63 3.89 2.54 1.72 2.48

Among the biomass sources mentioned above, around
75% of total rice straw is available for energy production
(Nguyen & Tran, 2015), but it is normally left on the field
since it is inconvenient for farmers to collect the rice straw.
In addition, around 80% of total rice husks and bagasse is
available for energy production (Nguyen Van Song, 2009;
Leinonen and Nguyen, 2013).

In this study, the correction factors to make residue
guantifications closer to the reality are not discussed. To
produce electricity from each kind of biomass, different
correction factors need to be added to evaluate for reliable
conditions. To make use of the biomass to produce energy
for the region, it is necessary to conduct a comprehensive
study in technical and economic potentials of each type of
biomass sources in generating biomass power energy in
the MD.

Currently, the total residual biomass production output in
the MD from the considered products account for 40.72 x
10° tons, which results in a energy potential of more than
130 x 10° MWh (around 79.4% accounts from rice straw,
15.6% from rice husk, 2.5% from bagasse and 2.5% from
corn stalk).

According to previous studies, both rice straw and corn
stalk in the MD could be used as input materials for the co-
anaerobic digestion process (Nguyen Vo Chau Ngan, 2012;
Nguyen Le Phuong et al., 2015). The produced biogas could
be used for power generation. As most biogas digesters in
the MD have a very small size of 4 to 20 m’ (Vo Chau Ngan
Nguyen, 2011), the production of electricity from the
produced biogas is not applicable. In addition, according to
suggestions by Leinonen and Nguyen (2013), in order to
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minimize the cost of transportation of livestock waste to
biogas digesters while supplying enough waste for
electricity generation from biogas, livestock husbandry
should be concentrated at a medium or large scale. Thus,
to produce electricity from the mentioned biomass
sources, there is a need to formulate a novel master plan
on Power Generation requiring concentrated livestock
production.
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Figure 10. Theoretical potential of electricity production from
different biomass sources in the MD in 2020

4. Conclusions

Based on the rich biomass sources in the MD, the current
total biomass potential for energy production is about 110
million tons (in 2016). The key biomass fuel sources are rice
straw (79.35% of total energy potential) and rice husk
(15.63%). Also, there are available other biomass sources
like bagasse (2.54%), and corn stalk (2.48%). Due to
scattered distribution, rice straw is difficult to be collected
for centralized power plants but it is normally burnt on-
field causing environmental pollution.

There is a need for comprehensive studies on technical and
social-economic feasibilities about the efficiency of using
these biomass sources in the MD. Biomass energy
production could be an optimized solution not only to limit
crop residues but also to produce more energy (steam,
heating, electricity) for sustainable development in the
MD.
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