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Abstract

Use of digested slurry from livestock manure in paddy fields and the associated environmental effects were
examined using a regional diagnosis and field experiments with the aim of establishing a sustainable biomass use
system in Southeast Asia. First, analysis of biomass use in a suburban village in Southern Vietnam identified several
options for improving the regional environment and generating energy, resulting in a preferred proposal to use
currently untreated livestock manure for biogas production and use digested slurry as a fertilizer in paddy fields.
Second, the effects of using digested slurry as fertilizer on rice production and environmental impacts were evaluated
through field experiments. This study clarified that digested slurry can be substituted for chemical fertilizers, and
nitrogen loading and fecal contamination of receiving waters can be avoided if no water is discharged from the
treated plot for a sufficient duration. Third, the economic feasibility of using digested slurry was evaluated in field
experiments, which found that it is economically feasible if the nitrogen concentration of the digested slurry can be
raised to five times that of present conditions. Finally, the effects of extending this regional scenario to all of Southeast
Asia on nitrogen loads discharged to water bodies and on greenhouse gas emissions was estimated and evaluated.
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1. INTRODUCTION

1.1 Background

Use of fossil fuels has given us comfortable life through economic growth and development of industry. However, such
use has caused environmental problems such as water and air pollution and global warming by greenhouse gas (GHG)
emissions at the same time. Moreover, fossil fuels are exhaustible resources, whose stock have been decreasing year after
year. It is therefore important to consider a lifestyle without depending on fossil fuels. Currently, in rapid developing
countries such as Southeast Asian Countries, rapid economic growth and industrialization cause rapid increase of energy
demand and severe environmental problems (Samantha and Milou, 2010). Main energy sources are fossil fuels with the
share of 37% for oil, 21% for natural gas and 16% for coal (IEA, 2013), and energy-related CO, emissions have increased
to 1.2 gigatonnes (Gt) in 2011 in Southeast Asia (Adiarso et al., 2013). These are problems which developed countries
have once experienced in advance of developing countries.

For these circumstances, a shift in the paradigm to supply sustainable energy sources by utilization of renewable energy
has been proposed (Samantha and Milou, 2010). Bioenergy is an attractive among renewable energies because of its
properties of not only “renewable”, but also “storable and substitutive”, “abundant” and “carbon neutral” (Ogi, 2002).
It can contribute to a reduction in GHG emissions by substituting for fossil fuels. Moreover, it also can contribute to
decrease environmental pollution such as nitrogen load in water bodies when the bioenergy source is wasted biomass. For
this, wasted biomass is focused in this study.

Wasted biomass such as livestock manure and agricultural residues are abundant in rural area. Many biomass are
spatially distributed thinly and widely (Sakoda et al., 2006). Considering the cost and energy for transporting them for use,
decentralized regional biomass use system is desirable. In Southeast Asian Countries, rural areas play an important role
in national development because population of rural area is more than 50% of total in 2014 (FAOSTAT, 2015a), and ratio
of agriculture in GDP is still more than 10% (except for Brunei, Myanmar, Malaysia and Singapore) (The World Bank,
2015) in each of Southeast Asian Countries.

Therefore, construction of regional biomass use system (especially, wasted biomass) in rural area would be greatly
meaningful. For this, it is important to propose appropriate biomass use scenario for construction of regional biomass use
system, which is particularly suitable for Southeast Asian Countries. Here, “appropriate” indicates that the scenario is
adoptable both technologically and economically. The effect of adoption of the scenario should also be fully investigated.

In Southeast Asian Countries, livestock farming and rice production is popular. Therefore, the following two kinds
of biomass use systems may have potential to be developed in Southeast Asia: 1) using untreated livestock manure for
feedstock of household methane fermentation system called “biogas digesters”, and using generated biogas for fuel in
households, and 2) using unused rice straw for feedstock of bio-ethanol, and using the bio-ethanol as substitution of fossil
fuels. Biogas digesters have already been used in rural area in Southeast Asia as discussed in the following chapters.
By contrast, bio-ethanol production from rice straw is still under development and many improvements are required
before the system become economically feasible (Igarashi, 2008; Kunimitsu and Ueda, 2013) through various trials for
improving the processes for conversion of rice straw to bio-ethanol (Fujita et al., 2011; Tran et al., 2013; Vu et al., 2013).
Therefore, this study sets a main focus on the former scenario, namely, using untreated livestock manure for feedstock of

household biogas digesters, and using generated biogas for fuel in households.

1.2 Research Problem

Vietnam is selected as the study area of this study because Vietnam is a major rice producing country and also in
which livestock farming is popular among Southeast Asian Countries. In Vietnam, energy demands are increasing with
rapid economic growth (Pham et al., 2011; Nguyen et al., 2013), and environmental problems have become increasingly
significant. It is forecasted that annual energy demands will increase by approximately 12.1% from 2010 to 2020,
accompanied by yearly decreases in fossil fuel sources (Nguyen et al., 2013). Rapid economic growth has also led to
rapid increases in the livestock industry with greater demands for meat products. Air pollution such as odor and pollution
of aquifers and surface water caused by improper treatment of livestock excreta are becoming very serious (Vu et al.,
2007; Vuet al., 2012; Thu et al., 2012).
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As for rice production, the annual planted area and production are 7.9 million ha and 44 million tons, respectively
(General Statistics Office Vietnam, 2013). Moreover, Vietnam is known as the world’s second largest exporter of rice
(Ministry of Agriculture, Forestry and Fisheries of Japan, 2014). By-products in rice cultivation such as rice husk and
straw are estimated to be generated at approximately 60 million tons per year, but very few of them (5-7%) are used, and
the rest are burned directly in the field. Although the agricultural sector occupied only 18% in GDP, more than 46% of
national population are engaged in agricultural activities (General Statistics Office Vietnam, 2013). It is also characteristic
in Vietnam that approximately 70% of the population is still living in rural areas (Pham et al., 2011; Nguyen et al., 2013;
Sakata, 2013), which indicates that rural areas have significant economical meaning for national development (Sakata,
2013).

Based on these circumstances in Vietnam, the government has set targets to increase the share of renewable energy
in total commercial primary energy from 3% in 2010 to 5% in 2020 and 11% in 2050 (The Prime Minister of Vietnam,
2011a) and to increase the share of electricity generated from renewable resources such as wind and biomass from 3.5%
of total electricity generation in 2010 to 4.5% in 2020 and 6% in 2030 (The Prime Minister of Vietnam, 2011b). Among
renewable energies, the government is especially interested in biomass technology improvement to take advantage of
diverse local biomass resources and produce new energy for replacing fossil fuels (Nguyen et al., 2013). With the above
promotions concerning energy, strategies for environmental protection have also been issued (The Prime Minister of
Vietnam, 2012) aiming to improve the environment in polluted and deteriorated areas, to mitigate deterioration and
exhaustion of natural resources, to improve the capability of actively responding to climate change and to reduce increases
in GHG emissions.

In view of such targets of the Vietnam government, it is meaningful to approach the task about biogas digesters.
Therefore, this study sets a focus on biogas digesters, which are widely adopted throughout the world. In developing
countries, there are currently millions of household biogas digesters (Thu et al., 2012). There are 30 million household
biogas digesters in China, 3.8 million in India, 60,000 in Bangladesh (Thu et al., 2012), several hundred in the Philippines
(Elauria and Elauria, 2013), and an increasing number in Africa, Peru (Thu et al., 2012), Nepal (Rajendran et al., 2012)
and Cambodia (Bunthoeun et al., 2013). In Vietnam, similar to the above countries, household biogas digesters have
spread countrywide in rural areas, especially recently with encouragement for participation in the “biogas program for the
animal husbandry sector in Vietnam” (Vietnam Livestock Production Department MARD and Netherlands Development
Organization SNV, 2013). This program aims to solve environmental problems such as air and water pollution caused
by livestock manure, and to provide a clean and affordable energy source for the local people (Thu et al., 2012; Vietnam
Livestock Production Department MARD and Netherlands Development Organization SNV, 2013).

Biogas acquired from biogas digesters is mainly used as fuel for cooking, lighting and electricity. Therefore, biogas
digesters provide farmers with benefits of clean energy, saved cost by substituting for fossil fuels or reduced workload to
collect firewood that can be substituted by biogas. On the other hand, problems are that most digested slurry from biogas
digesters is discharged to water bodies without any treatment, and only small amounts are used as fertilizer for garden
trees or vegetables in fields adjacent to farmer houses and as feed for fish (Thu et al., 2012; Huong et al., 2014). Discharge
of digested slurry deteriorates water quality in water bodies because it contains high concentrations of nitrogen (Oritate
et al., 2015) and fecal indicator microbes (Huong et al., 2014).

Focusing on the fertilizer components contained in digested slurry such as nitrogen, potassium and phosphorus, use
in agricultural fields can be proposed as an effective solution (Yuyama et al., 2007). Especially, this study sets the main
objective on applying digested slurry to the rice paddy fields. Such a selection of the objective is motivated by the facts
that: 1) paddy fields occupy large areas of agricultural fields in Southeast Asian Countries, 2) most nitrogen components
in digested slurry are ammonia-nitrogen compounds (Matsunaka et al., 2002), which rice prefers as a source of nitrogen
(Ishii et al., 2011), and 3) paddy fields have high nitrogen removal capacity through denitrification and uptake by plants
(Kyaw et al., 2005). However, the utilization of digested slurry in paddy fields in Vietnam is rarely conducted because of
lack of knowledge or fear of cost for transportation and application to farmlands. Therefore, it is necessary to establish
a feasible system of the use of digested slurry by evaluating it from various aspects such as fertilizer effects on rice,
environmental effects, costs and labor for transportation and application to the field, and evaluation of the environmental

effects at the regional level.
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1.3 Objectives of This Study
Based on the above discussions, this study aims to evaluate the effects of applying digested slurry to paddy fields in
rural areas of rapidly developing countries in Southeast Asia by using a suburban village in Southern Vietnam as a case
study area. The detailed objectives are as follows.
1. To propose sustainable regional biomass use scenarios through adopting a “regional diagnosis” approach, which is a
method for constructing a material flow diagram at a regional level.
2. To evaluate the feasibility of using digested slurry in paddy fields in terms of fertilizer effects on rice, and environmental
impacts such as nitrogen load and fecal contamination.
3. To evaluate the feasibility of using digested slurry in paddy fields in terms of costs for transportation and application
of slurry by adopting the pouring method.

1.4 Structure of the Thesis

This thesis consists of seven chapters.

Chapter 1 summarizes the current situation of energy and the environment in Southeast Asia, technologies for energy
production from biomass as background of this study, and states the objectives of this study.

Chapter 2 reviews the previous studies about 1) household biogas systems in rural area of Southeast Asia, 2) methods
for analysis and evaluation for regional conditions of biomass use, 3) fertilizer effects of digested slurry on rice plants and
4) environmental effects in application of digested slurry in paddy fields and 5) transportation and application methods of
digested slurry for use in paddy fields.

Chapter 3 clarifies the present conditions of biomass use in a suburban village in Southern Vietnam, in which rice
cultivation and livestock farming are popular, by regional diagnosis, and indicate the necessity of treatment of untreated
livestock manure and effective use of untreated digested slurry which are currently discharged to water bodies.

Chapter 4 evaluates the feasibility of using digested slurry in paddy fields in Southern Vietnam in terms of fertilizer
effects on rice and environmental impacts such as nitrogen load and fecal contamination in lower water bodies through
field experiments in the study area.

Chapter 5 evaluates the feasibility of using digested slurry in paddy fields in Southern Vietnam in terms of economy
such as costs for transportation and application to farmlands by adopting the pouring method through field experiments
in the study area.

Chapter 6 discusses possibilities of installing the system of using digested slurry from biogas digesters in a particular
setting of a suburban village in Southern Vietnam, based on the results in Chapters 3 to 5. In particular, it estimates the
effect of adopting it on environmental loads such as nitrogen load in water bodies and GHG emissions. It also considers
a case for adding an optional biomass use system, that is, bio-ethanol production from rice straw as the case in which
regional biomass use is further improved. Moreover, it proposes the diffusion of these systems throughout Southeast Asia
by estimating the reduction of environmental load, and suggests the implications of the results of this study.

Chapter 7 summarizes the conclusion of this study.
2. LITERATURE REVIEW

2.1 Household Biogas Systems in Rural Area of Southeast Asia

Methane fermentation is a biochemical process to decompose organic wastes into CH, and CO, under anaerobic
conditions by metabolic processes of microorganisms (Li, 2005). Ratios of CH, and CO, in biogas obtained by methane
fermentation are approximately 60% and 40%, respectively, and calorific values of biogas are generally 5,000-6,000
kecal (21-25 MJ) per 1 Nm?® (Li, 2005). Methane fermentation can be classified into non-heating fermentation (< 25°C),
mesophilic fermentation at approximately 35°C (30-40°C), and thermophilic fermentation at approximately 55°C (50-
60°C). Comparing the aspects of treatment properties of the latter two types of fermentation reveals that, thermophilic
fermentation is advantageous because of a high hydrolysis rate, high death rate of pathogens and high fermentation speed,
despite a disadvantage with the easy accumulation of organic acids. In contrast, mesophilic fermentation is advantageous

because of high stability despite a low degradation speed (Li, 2005). Methane fermentation is carbon neutral, and can use
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various kind of wasted biomass such as sewage sludge, garbage and livestock wastes as feedstock, providing significant
implications for global environmental conservation (Noike, 2009).

“Methane fermentation technology” is a technology to biologically decompose wasted biomass by the principle of
methane fermentation, and collect and use the product CH, as an energy resource. Therefore, “methane fermentation
technology” is also called “Biogas Technology” (Li, 2005). Biogas technology has the following advantages (Thu et al.,
2012; Nguyen, 2005); 1) reduces the GHG emissions from manure, 2) produces renewable energy, 3) reduces the workload
for farmers to collect firewood for cooking in rural areas, 4) reduces deforestation, and 5) improves the surrounding
environment by reducing odors and pathogens.

There are currently millions of household biogas digesters (Thu et al., 2012) as mentioned in Chapter 1. There are
several types of biogas digesters, and currently the most popular type in rural areas around Ho Chi Minh City is the
fixed dome type made from solid bricks and mortar, and buried underground as shown in Fig. 1. There are three main
components continuously connected; (i) inlet tank where pig manure is mixed with water before it is discharged into the
digester; (ii) digester where the mixture of pig manure and water is fermented to produce methane and other gases; (iii)
compensating tank that collects excess slurry effluent from the digester (Nguyen et al., 2012). Average size of a digester is
approximately 8 m?, the capacity to make a profit with biogas generated from the manure of 15-20 head of pigs or 4-6 head
of milk cows (Information acquired by Interviews of Department of Agriculture and Rural Development, Ho Chi Minh
City (DARD-HCMC) in 2010). Incidentally, polyethylene tube biogas digesters as shown in Fig. 2 are popular in the
Mekong Delta Region (Yamada, 2008; Nguyen et al., 2012) because they are low cost, easy to install and applicable to the
regions where the ground water level is high (Nguyen et al., 2012) because their shapes mean they can be installed without
deep excavation of the ground (Fig. 2). A reduction of more than 1,000 t-CO, per year was achieved with introduction of
polyethylene tube type biogas digesters in 961 households of a village in the Mekong Delta by the Clean Development
Mechanism (CDM) Project (Matsubara et al., 2014; [zumi et al., 2013).

Biogas from biogas digesters is mainly used as fuel for cooking, lighting and electricity. On the other hand, most
digested slurry from biogas digesters is discharged to water bodies without any treatment, only small amounts are used as

fertilizer for garden trees or vegetables in fields adjacent to farmer houses and as feed for fish (Thu et al., 2012; Huong et
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Fig. 1 Fixed dome type of household biogas digester
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Fig. 2 Polyethylene tube biogas digester
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al., 2014). The Mekong Delta Region is an exception because specific material flow called VACB systems (Vuon=garden;
Ao=pond; Chuong=pigsty; B=biogas digester) (Yamada, 2008) is formed, and most of the digested slurry is used as feed
for fish. Discharge of digested slurry deteriorates water quality in water bodies because high concentrations of nitrogen
(Oritate et al., 2015) and fecal indicator microbes (Huong et al., 2014) are confirmed in digested slurry. Focusing on
the fertilizer components contained in digested slurry, use in agricultural fields can be proposed as an effective solution
(Yuyama et al., 2007). Especially, the feasibility of utilization of digested slurry in paddy field is significant as mentioned
in Chapter 1. However, the utilization of digested slurry in paddy fields in Vietnam is rarely conducted, and needed the

investigation to evaluate the feasibility.

2.2 Methods for Analysis and Evaluation of Regional Conditions of Biomass Use

Quantitative clarification of the material flow related to biomass use in the objective region is important to propose
appropriate biomass use plan. “Material Flow Analysis” established by Brunner and Rechberger (2004) is well known as a
similar study that assessed the environmental impacts of human activities on nutrient flow (Do et al., 2013). In Japan, the
nitrogen flow analysis established by Matsumoto (2000) focusing on compartments of “farmland”, “animal” and ‘“human”
based on statistical data is well known as a forerunner for this kind of study. Based on the methods of Matsumoto (2000),
Yuyama (2005) developed a method called “regional diagnosis” for estimating circulation of regional biomass. “regional
diagnosis” aims to clarify the sustainability and soundness of a biomass use plan based on accurate understanding of
the present conditions of the material flow of biomass use in the objective area, and compares several ideas in terms
of selection of feedstock biomass, biomass conversion process, scale and disposition of biomass conversion facilities
(Yuyama, 2005).

For the purpose of “regional diagnosis”, the “Diagnosis Model for Biomass Resources Circulative Use” was developed
by Yuyama (2004). Structure of it is similar to the concept of “Material Flow Analysis™ established by Brunner and
Rechberger (2004) (Matsuno et al., 2006). Applied biomass is composed of organic wastes such as livestock wastes,
agricultural residues, food processing residues, wood or fish wastes, garbage and sludge of domestic waste water,
which are available abundantly in rural areas. Evaluated parameters are nitrogen, phosphorus, potassium, carbon and
raw weights of each material. Basic unit areas are municipalities, and “agricultural fields”, “livestock facilities”, “water
bodies”, “human living areas”, “food processing facilities” and “recycling facilities” (Yuyama, 2004). The method has
been used for estimation of major sources of nitrogen loads and examination of the effectiveness of measures to reduce
nitrogen loads to water bodies in river basins of Japan (Matsuno et al., 2006). Following these studies, this study will
use this method extensively to clarify and evaluate the present conditions of biomass use and regional environment in an
objective area. However, to adapt this method to developing countries such as Vietnam in which available data is limited,

the structure may have to be simplified to be suitable for the site. Thus, this issue will be a main focus in Chapter 3.

2.3 Fertilizer Effects of Digested Slurry on Rice Plants

Digested slurry contains specific amounts of nitrogen, potassium and phosphorus as mentioned in Chapter 1, making it
a potential fertilizer for plants. Digested slurry has almost the same effects as chemical fertilizers under various application
conditions. Li et al. (2003) indicated that the effects of cattle digested slurry applied by spreading onto the soil surface at
both basal and top-dressing (both were after transplanting) on plant length, leaf area index (LAI), grain yield, or biomass
of edible rice were not significantly different from those of chemical fertilizers with approximately equal nitrogen
application rates in a field experiment with clay loam. Miho et al. (2004) reported that the plot with digested slurry applied
by spreading onto or into the surface water at both basal and topdressing showed almost the same effects on growth and
production of edible rice as chemical fertilizers with the same nitrogen application rates in a field experiment. Sunaga et
al. (2009) and Win et al. (2009) reported that rice growth and biomass production of high-yielding rice was almost the
same in plots with cattle digested slurry applied by spreading onto the soil surface and immediately plowing at basal, and
spreading onto surface water at topdressing as plots with chemical fertilizers applied at the same nitrogen application rate
in the lysimeter experiments using gray lowland soil. Zenmyo et al. (2009) indicated that rice growth of edible rice with
digested slurry applied was almost the same as chemical fertilizer by the same application method of Sunaga et al. (2009)
and Win et al. (2009) with pot experiments using gray lowland soil. Koga et al. (2010) showed that application of digested
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slurry as top-dressing by pouring with irrigation water onto the field increased yield components such as grain number per
head of rice plants and grain yield of edible rice in the field experiments, and concluded that digested slurry is effective for
growth and yield of rice plants when used as a top-dressing. Watanabe et al. (2011) reported that there was no significant
difference in yield, taste, dry weight and nitrogen content of rice plants at the heading stage in plots with digested
slurry applied by spreading onto soil surface and plowing immediately or injection into soil at basal and spreading onto
soil surface with irrigation water at topdressing as the plot with chemical fertilizer applied at approximately the same
nitrogen application rates. Kamioka and Kamewada (2011) indicated that almost the same rice growth and yield of edible
rice was obtained when using cattle digested slurry as basal by spreading onto surface water, and plowing immediately
similar to the use of chemical fertilizer of the same nitrogen application rate in field experiments. Mihara et al. (2011)
showed almost the same rice growth and yield of edible rice when using digested slurry as basal and topdressing both by
spreading in the surface water after transplanting similar to treatment of chemical fertilizer with twice the rate of nitrogen
application as chemical fertilizer in the field experiment with gray lowland soil. Phayom et al. (2012) reported that the
use of digested slurry as topdressing with periodic application to poor sandy loam soil increased N uptake, agronomic
efficiency, which is the increase in grain yield per unit N input (Li et al., 2003), and fertilizer N recovery efficiency when
compared with the use of chemical fertilizer as mainly basal. Nishikawa et al. (2012) reported that at the standard nitrogen
application rate for edible rice (10 g m?), almost the same grain yield was obtained in plots with cattle slurry applied as
basal or split applications and topdressing as in plots treated with chemical fertilizer for an average of seven years with
yearly applications. They also indicated the split application of digested slurry improved N efficiency in rice plants in field
experiments with grey lowland soil.

The above previous studies show that the application rate of digested slurry was decided based on ammonia-nitrogen
(NH,-N) (Win et al., 2009; Kamioka and Kamewada, 2011; Nishikawa et al., 2012) or based on total nitrogen (T-N)
(Miho et al., 2004; Zenmyo et al., 2009; Koga et al., 2010; Mihara et al., 2011; Phayom et al., 2012) in the digested slurry.
Appropriate application rate for digested slurry should be decided according to various factors such as field conditions,
application method, chemical properties of digested slurry, or inorganic N mineralized from the soil that sometimes
accounts for 60-70% of the total N uptake during the growing period (Nishikawa et al., 2012).

There are also reports that digested slurry decreased rice growth and production when compared to chemical fertilizers.
Ammonia volatilization was increased by high pH, high NH,-N concentrations in surface water, high water temperature
or high wind speed (Hayashi et al., 2008). Therefore, nitrogen loss by ammonia volatilization should be taken into account
in application of digested slurry with high pH and high NH,-N concentrations to paddy fields. Zenmyo et al. (2009)
reported that tiller number, shoot dry weight and the gross recovery rate of nitrogen applied to edible rice decreased with
the use of digested slurry by spreading on the soil surface and plowing immediately at basal, and spreading onto surface
water at topdressing in a pot experiment with gray lowland soil, and concluded that this may be due to nitrogen loss by
ammonia volatilization. Watanabe et al. (2011) also reported that use of digested slurry by pouring with irrigation water
as basal decreased yield, dry weight and nitrogen content of rice plants at the heading stage in field experiments. Miho
et al. (2004), Sunaga et al. (2009), Win et al. (2009; 2010), Sasada et al. (2011) and Chen et al. (2013) reported higher
ammonia volatilization in application of digested slurry when compared to chemical fertilizer applications such as 13%
of applied NH,-N (Win et al., 2009), 8.9% of applied NH-N (Win et al., 2010), 2.5-2.9% of applied NH,-N (Sasada et
al., 2011) and approximately 16.4% of applied N (Chen et al., 2013). Soil in Vietnam has a pH lower than 5 (Pham et al.,
2006). Ammonia volatilization for surface water with a pH of 3.4 to 6.2 was low, approximately 1.7% of the N applied
during the cropping period when applying urea during the wet season in the Mekong Delta Region in Vietnam (Watanabe
et al., 2009). Loss of nitrogen from digested slurry in paddy fields in Vietnam with relatively low pH is not significant,
but not negligible.

2.4 Environmental Effects of Application of Digested Slurry in Paddy Fields

Nitrogen in digested slurry enters the soil N pool mainly as NH,-N. Li et al. (2003) reported that the NH,-N was
directly used by rice or absorbed by soil clay particles, or, alternatively, could be oxidized to NO,-N and may diffuse or
percolate into the soil reduction layer, and then, be lost by denitrification. They also mentioned that organic matter in

digested slurry may enter the soil organic pool and contribute to the preservation of soil fertility, therefore, pollution of
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underground water and streams by nitrogen and organic matter is not a major problem, if water is kept in the paddy field
after application of digested slurry. Watanabe et al. (2011) reported that the nitrogen load in effluents for application of
digested slurry by three different application methods, i.e. pouring with irrigation water, spreading onto the soil surface
and mixing with soil, and injection into soil, were almost the same as application of chemical fertilizer, approximately
10% of nitrogen applied during cultivation. Sasada et al. (2011) indicated that the concentrations of total soluble organic C
and total soluble N in the drainage water were not significantly different among the treatments of cattle digested slurry, pig
digested slurry and chemical fertilizer, and the concentrations of nitrate were lower than 0.5 mg L' in all treatments during
flooding in the lysimeter experiment with gray lowland soil. Kamioka and Kamewada (2011) indicated no significant
difference in infiltration of inorganic nitrogen, which was approximately 2.5% of applied nitrogen, between treatments of
cattle digested slurry and chemical fertilizer in the lysimeter experiment with andosol. Sunaga et al. (2009) showed that
the T-N leaching in the treatments of cattle digested slurry was approximately 3%, almost the same as chemical fertilizer
with the same nitrogen application rate in the lysimeter experiment with gray lowland soil. Chen et al. (2013) indicated
that there was no significant difference in nitrogen load by surface discharge and percolation between treatments with
digested slurry and chemical fertilizers, differences were small at approximately 0.7% and 2.0% for the N applied. From
these previous results, nitrogen loads by surface discharge or percolation may not be crucial. However, the low nitrogen
loads are derived from their proper water management after fertilization. For example, Watanabe et al. (2011) showed
that nitrogen concentrations in surface water increased to more than 10 mg L after application of digested slurry or
chemical fertilizers of 6.0 to 7.0 gN m? and two weeks were needed to decrease to less than 1 mg L' in a field experiment.
Therefore, they proposed that at least two weeks is needed to prevent surface discharge. Kamioka and Kamewada (2011)
indicated that nitrogen levels in surface water at the plots treated with digested slurry and chemical fertilizers of 4.0 gN
m? once increased to more than 15 mg L after fertilization, and decreased to 0.3 mg L' in 10 days after fertilization in
lysimeter experiments. Chen et al. (2013) also indicated that for 7 days after application of digested slurry or chemical
fertilizer, nitrogen levels were relatively high, and concluded that it is necessary to prevent surface water overflow from
the plot for 7 days after fertilization to avoid surface water pollution. These studies suggested that, to avoid pollution due
to surface drainage, surface water must be kept on a paddy field for an enough period until its nitrogen concentration
is reduced. They also suggested that the length of such a period could be variable according to local soil and climate
conditions. This implies the necessity of conducting field experiments in the study area in Vietnam to find a suitable length
of such a period.

Microbial pollution of surrounding environments with application of digested slurry should be considered if: 1) feedstock
of digested slurry contains livestock or human manure, 2) fermentation is not conducted with thermophilic way, or 3)
fermentation is conducted without any sterilization processes. Huong et al. (2014) reported that E. coli concentrations
in feedstock was reduced only 1 to 2 log units during digestion, and 3.70+0.84 log10 CFU (CFU, colony forming unit)
mL" of E. coli (n=146) was contained in digested slurry from household biogas digesters with feedstock of pig slurry and
human excreta in Northern Vietnam. Similar reduction capacity was reported in E. coli for biogas digesters with feedstock
of swine manure in Southern Vietnam (Kobayashi et al., 2007). Huong et al. (2014) estimated that such a limited reduction
in E. coli suggests that bacterial pathogens like Salmonella, which has been found in 5-50% of pigs in Vietnam, and
Campylobacter, which is an important cause of diarrhea in Vietnamese children, are likely to be present in the effluent from
biogas systems with the feedstock of pig manure and human excreta. Contamination of rice plants and hygienic risk for
humans who eat rice from the application of digested slurry should be low because rice is eaten after cooking. Prevention
of microbial pollution of lower water bodies with application of digested slurry should be considered. Pathogens derived
from manure-related material after being applied to paddy fields can be decreased gradually by exposition of UV radiation
or increases in the pH of surface water during photosynthesis of rice plants (Ueda et al., 2003). It was indicated that
fecal coliforms in surface water in paddies treated with unchlorinated secondary effluents from sewage treatment works
decreased at a rate of approximately 0.6 log day" (Ueda et al., 2003). However, survival of microbes in the environment
is influenced by many factors including temperature, soil types, occurrence of other bacteria and soil protozoa (Ohtomo
et al., 2004), sunlight, organic matter content, etc. (Nicholson et al., 2005). Therefore, it is important to examine the
microbial fates at sites, where digested slurry is applied, to prevent hygienic water pollution of lower water bodies by

discharging of surface water in which sufficient decrease in pathogens is not confirmed.
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2.5 Transportation and Application Methods of Digested Slurry to Paddy Fields

The utilization of digested slurry in paddy fields requires transportation of digested slurry from the biogas digesters
(Thu et al., 2012) and application to the fields. As a transportation method of digested slurry, vacuum trucks are popular
and usually used in Japan (Yamaoka et al., 2012). A model for planning the effective transportation and application of
digested slurry to farmlands using vacuum trucks was developed in Japan (Yamaoka et al., 2009; 2011; 2012). In the
model, optimal plan for transportation and application of digested slurry can be calculated considering such factors as
production rate or chemical components of digested slurry, locations of the biogas plant and agricultural fields, possible
application season, application rate per area, application area of fields, numbers of vacuum trucks (Yamaoka et al., 2009).
The model has been developed by introducing the use of slurry spreaders (Yamaoka et al., 2011), operation with plural
vacuum trucks for digested slurry and installation of intermediate tanks (Yamaoka et al., 2012).

There are three methods for application of digested slurry to paddy fields, i.e. pouring with irrigation water from an
inlet using a vacuum truck, spreading on the soil surface with a digested slurry spreader, and injecting into the soil with
an injector (Watanabe et al., 2011). The pouring method is applicable after irrigation and during rice growth as additional
fertilization (Phayom et al., 2012). The methods for application with a spreader and injector are applicable for basal
fertilization before planting (Iida et al., 2009). The spatial distribution of digested slurry focusing on nitrogen applied to
a field by the pouring method has been examined by numerical analysis (Yuge et al., 2014; Inomura et al., 2010). The
possibility to obtain the same or better yield with the use of digested slurry by the pouring method as by conventional
cultivation with chemical fertilizers has been shown through actual field studies (Koga et al., 2010; Mihara et al., 2011).
The detailed procedures for the pouring method were compiled by Iwashita et al. (2008) as follows; 1) decreasing the
surface water of the field to shallow ponding conditions such as a water level of 0 cm (Koga et al., 2010) or 0.3 cm
(Mihara et al., 2011) before application of digested slurry, 2) pouring digested slurry with a specific volume of irrigation
water, so that the water depth increased by 4 to 5 cm (Mihara et al., 2011) on the field, 3) digging a trench when there is
a shortage of irrigation water and 4) improving the land level by careful paddling. From the above, it was concluded that
the pouring method is applicable in Vietnam because of fewer machines so this method was to be decided to test in this

study as the first trial.

2.6 Summary
In summary, this chapter has identified the following gaps between the achievements of previous studies and the

objectives of this study set in Chapter 1, and the approaches that will be taken in the subsequent chapters in order to close

such gaps:

1) “Regional diagnosis” developed in Japan is an effective method to understand the present conditions of biomass
use and simulate future biomass use plans at the regional level. However, since simply applying this method as it is
needs a lot of detailed data, simplifying the framework of this method would be practical and helpful for applying it to
developing countries such as Vietnam in which available data is certainly limited.

2) Effectiveness of digested slurry as fertilizer for rice plant has been studied extensively on Japanese paddy fields under
various conditions such as: applications as basal or top-dressing; applications onto soil or surface water with or without
plowing immediately or injecting to soil; trials of various nitrogen application rates, like adjusting the rate to be the
same as the case of chemical fertilizer by the NH,-N content or the T-N content of digested slurry. However, situations
for paddy fields in Southeast Asia are quite different from the ones in Japan in terms of climate, soil properties, and
rice cultivation styles, etc. Warm climate may cause rapid mineralization of applied nitrogen in digested slurry and
soil nitrogen. High or low pH of soil may influence the available ratio of applied nitrogen for rice plants through
ammonia volatilization. Rice cultivation styles in Vietnam in which nitrogen fertilizer is applied twice or three times
as top-dressing may bring different results from Japanese cases in terms of fertilizer effects of digested slurry for
rice. However, there are currently few reports investigating this issue. Therefore, it is necessary to investigate the
effectiveness of digested slurry as fertilizer considering appropriate application rate and timing for the site in Vietnam.

3) It has been shown that environmental pollution in lower water bodies such as nitrogen loads and fecal contamination
through surface discharge after application of digested slurry may be prevented by keeping surface water of paddy

fields for a certain period after application of slurry. However, the period of such water retention may be different
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according to the situation in the paddy field. Some experiments suggested the period be seven days after fertilization,
while other experiments ten days. Therefore, it is necessary to investigate the fate of nitrogen and fecal indicator
microbes in surface water after application of digested slurry in paddy fields.

4) Several kinds of transportation and application methods of digested slurry to paddy fields have been developed in Japan.
Vacuum trucks are popularly used for transportation, and pouring method is supposed to be the most suitable method
when focusing on availability of digested slurry not only for basal but also for top-dressing and minimum necessity of
equipment for adopting it. For these reasons, pouring method using vacuum trucks seems to be the most recommendable
method in developing countries such as Vietnam in which specific transportation and application method of slurry has
not yet existed, and nitrogen fertilizer is conventionally applied twice or three times as top-dressing. However, the
conditions of paddy fields in Southeast Asian Countries are substantially different from Japan. For example, pouring
method needs strict and flexible water management to achieve even spatial distribution of digested slurry as mentioned
in Section of 2.5, but it may be sometimes difficult in paddy fields in Southeast Asia including Vietnam, where water
management practices are not so strict nor flexible, which may sometimes cause extremely dry conditions in surface
soil or deep flooding of surface water. Moreover, the cost needed for application of slurry by pouring method may
be significantly different between the cases in Japan and Vietnam. If the cost becomes extremely higher than that of
conventional cultivation methods with chemical fertilizers, the adoption of slurry may be difficult. For these reasons,
it is necessary to investigate whether the pouring method is adoptable to paddy fields in Vietnam through field surveys

and observations, and the evaluation from the economic aspect.

3. ANALYSIS OF PRESENT CONDITIONS OF BIOMASS USE IN A SUBURBAN VILLAGE IN SOUTHERN
VIETNAM

3.1 Introduction

This chapter describes the present conditions of regional biomass use in preparation for proposing improved biomass
scenario later in Chapter 6 in a suburban village in Southern Vietnam. The village is one of common villages in Southeast
Asia due to existence of livestock farming and rice cultivation. Data related to livestock farming, rice cultivation and so

on is collected by interviews, field surveys and literature reviews, and applied to the regional diagnosis.

3.2 Methods
3.2.1 Objective Village

Objective village for this study was Thai My Village in Cu Chi District, Ho Chi Minh City, located about 43 km
north-west from the center of Ho Chi Minh City as shown in Fig. 3. In this village, rice cultivation and livestock
industries are popular. Annual rainfall is approximately 1,880 mm, and there are two seasons, a dry season and a rainy
season. Household-scale methane fermentation systems using livestock excreta, called “biogas digesters” are popular

!

Thai My
Village

China Sea

. Ho Chi Minh
City

Fig.3 Location of Ho Chi Minh City and Thai My Village
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in this village through promotion by government-led programs (Vietnam Livestock Production Department MARD and

Netherlands Development Organization SNV, 2013). There are 111 households that have biogas digesters with capacities

of 7.8+1.2 m? in the fermentation tank volume. Information and data collected by the surveys are shown in Table 1.

Table 1 Data collected for regional diagnosis (Page 1 of 3)

Item

‘ Data ((Data source))

a. Basic information

(a) Land use and the area

Total area of the village

2,415ha ((1))

Agricultural land

1,861 ha [(1))

Road

113 ha [(1))

River and Canal area

123 ha ((1))

Residential area

159 ha ((1))

Others 159 ha [(1))
(b) Population
Population 10,849 people [(1)]

Number of households

2,873 households [(1)]

Number of farmer households

967 households [(1)]

Agricultural workers

2,224 people [(1)]

(¢) Variety and usage of energy at home

Fuel variety

Electricity, Wood, Biogas, Rice straw and husk [((1)]

Usage of fuel

Electrical equipment, Lighting, TV, Radio, Stove burner, Cooking [(1)]

(d) Conditions of sources for drinking water

Water well in house (Depth; 4-50 m), Tank for drinking water ((1)]

(e) Environmental problems

Discharge of large quantity of untreated pig excreta [(1)]

b. Agricultural information

(a) Main crop situation, annual planted area

Rice

544 ha, 2 or 3 crops in a year according to the economic situation or
field conditions ((2)]

Corn and peanuts

200 ha [((2))

Vegetables

75ha [(2)]

Fruits

146 ha [((2))

(b) Agricultural machinery

Machinery types and numbers in the
village

Combine; 2 equipment
Tractor; 7-8 equipment
Rice mill; 4 equipment
Tilling machinery
Water pump [(2)]

Fuel types for machinery

Diesel oil (for large machinery)
Gasoline (for small machinery) ((2)]

c. Information about rice cultivation

(a) Variety and application rate of
fertilizer

Mixed fertilizer of NPK, Urea, Phosphorus, Potassium, etc.
500-900 kg ha'' (crop season)™ (total weight of fertilizers) ((3)]

(b) Method for water management

By portable pump owned by farmer through canals nearby the
field ((4))

(¢) Water quality of canal and river

Shown in Table 2 ((5)]
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Item

Data [(Data source)]

(d) Amount of irrigation water

10,286.28 tha' y' [(App. 1-1 No. 7))

(e) Annual precipitation

18,818 tha'y' [(App. 1-1 No. 4)]

(f) Ammonia volatilization

0.0017 t ha! (crop season)”’ [(App. 1-1 No. 21)]

(g) Denitrification

0.03 t ha'' (crop season)’ [(App. 1-1 No. 19)]

(h) Nitrogen fixation

0.0178 t ha! (crop season)”’ [(App. 1-1 No. 13)]

(i) Carbon dioxide emissions

142 tha'y' (2,952ty") ((App. 1-1 No. 24-27)]

(j) Percolation

202 mm (crop season)”’ [(App. 1-1 No. 22)]

(k) Methane gas emissions

160 kg ha' y' [(App. 1-1 No. 24)]

() Yield and by-products

Winter-spring crop;
5.0-6.0 t ha! (crop season)’ [((1), (6))

Spring-summer crop;

Yield 3.0-4.0 t ha! (crop season)! [(1), (6)]
Sumer-autumn crop;
3.0 t ha! (crop season)’ [(1)]

Average yield 4.0 t ha'! (crop season)! (2,176 ty™) [(1), (6)]

*Yield indicates 15% moisture for unhulled rice.

*Rice is harvested 10-20 cm above the ground, so rice straw is divided into upper part and lower part.

Rice husk

0.798 t ha! (crop season)’ (434 t y™"); Used for making compost [(1),

(6))

Rice bran

0.351 t ha! (crop season)” (191 t y'); Used for livestock feed [((1), (6)

]

Rice straw (Upper part)

2.97 t ha'! (crop season)! (1,618 t y!); Not used, burned in the field

0.74 t ha! (crop season)! (405 t y'); Shipment to outside

0.74 t ha! (crop season)! (405 t y'); Used for livestock feed

(In total; 2,428 ty) [(1), (6)]

Rice straw (Lower part)

1.07 t ha'! (crop season)™! (582 t y!); Remained, burned in the

field ((1), (6))

d. Information about cultivation except for ric

(a) Variety and application rate of fertilizer

Chemical fertilizer

Corn; 3,500 kg ha! y!, Vegetables; 2,560 kg ha! y!
Fruits; 4,000 kg ha' y' [App. 1-2 No. 3,9, 12]

Compost

25tha'y! [App. 1-2 No. 5]

(b) Nitrogen fixation

0.11 tha'y' [App. 1-2 No. 29]

(¢) Carbon dioxide emissions

9.2tha'y' (3,859 ty") [(App. 1-2 No. 32, 33)

(d) Nitrogen loss by emission

0.018 tha'y' [App. 1-2 No. 31]

(e) Percolation

5,648 tha' y' (2,377,969 ty') [App. 1-1 No.4, App. 1-2 No. 1, 34,

35)

() Yield

Corn; 7.5 tha'! y'!, Vegetables; 62.95 t ha'! y!
Fruits; 0.824 tha' y' [App. 1-2 No. 14, 17, 20)

e. Information about livestock

(a) Kinds and numbers

Beef cow 1,659 heads [((7))
Milk cow 61 heads [(7)]
Buffalo 400 heads [((7)]
Pig 11,000 heads [(7))

Poultry

8,000 heads ((7)]
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Table 1 Data collected for regional diagnosis (Page 3 of 3)

Item

‘ Data [(Data source))

(b) Method of livestock raising, variety of feed

Beef cow and buffalo

Raised outside during daytime and in cattle shed at night [(8))

Milk cow and pig

Raised in cattle shed [(8)]

Feed

Bran, grass, etc. [(8))

(¢) Generation rate of livestock excreta and its contents

Feces; 0.73 t head!' y' (C; 18.68%, N; 0.83%)

Pig Urine; 0.49 t head"' y' (C; 0%, N; 32.5%) [App. 1-3 No. 2-6)
Beef Feces; 8.22 t head! y' (C; 15.75%, N; 0.7%)

Urine; 4.56 t head™' y' (C; 0%, N; 27.1%) [App. 1-3 No. 8-12]
Milk cow Feces; 8.22 t head! y' (C; 8.55%, N; 0.38%)

Urine; 4.56 t head! y' (C; 0%, N; 27.1%) [App. 1-3 No. 14-18)
Buffalo Feces; 8.22 t head! y' (C; 6.98%, N; 0.31%)

Urine; 4.56 t head! y' (C; 0%, N; 27.1%) [App. 1-3 No. 24-28)

(d) Flow of livestock excreta

Pig excreta

Approximately 10%; Used as feedstock for biogas digester
10 t week! of feces; Shipped outside the village as feedstock for compost
Rest discharged to lower water bodies [((8)]

Milk cow excreta

Approximately 10%; Used as feedstock for biogas digester
Rest discharged to lower water bodies [(8)]

Beef excreta

Half of feces; Sold outside the village

Another half of feces; Used as feedstock for composting at composting
facility

Rest discharged to the lower water bodies [(8))

Buffalo excreta

Similar to beef cow excreta [(8)]

(e) Information about biogas digester

Number in the village

111 digesters [(8))

Capacity

7.8+12m* [(8)]

Feedstock

Pig excreta and milk cow excreta ((8))

Biogas generation rate

746.7 (Nm® (t-Carbon of feedstock biomass)™") [(8), (9)]

Usage of biogas

Mainly cooking in farmer households ((8)]

Use or disposal of digested slurry

Partially used for trees in the backyard, adjacent crop field of farmer’s
house or fish pond, and mostly discharged to canals and rivers with or
without passing through the soil [(8)]

(Abbreviations)

HCMUT: Ho Chi Minh City University of Technology
DOST-HCM: Department of Science and Technology
DARD-HCM: Department of Agriculture and Rural Development

VPC: Thai My Village People Committee
Cu Chi PC: People Committee of Cu Chi
App.; Appendix

(1) Interviews of VPC, DOST, Cu Chi PC and Villagers
(2) Interviews of VPC, DOST, Cu Chi PC, Villagers and DARD

(3) Interviews of VPC, Villagers
(4) Interviews of VPC, Villagers and DOST

(5) Sampling surveys conducted in Thai My Village
(6) Field surveys at test field in Thai My Village

(7) Interviews of VPC and DARD
(8) Interviews of Villagers

(9) Calculations based on data from Interviews of Villagers
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3.2.2 Method of the Regional Diagnosis

The regional diagnosis method, developed by Yuyama (2005), is designed to draw a region-wide map of material flows
on the basis of survey data, and conducted by the following procedures.

First, data needed for analysis of the present conditions of biomass use for the objective area were collected as described
in the following section. Some data had to be substituted with Japanese ones though on-site or Vietnamese original data
should be used for the regional diagnosis. Most data related to non-paddy fields were substituted with Japanese ones.
However, the regional diagnosis in this study focused on material flow around paddy field compartments. Therefore, most
conclusions in this study reflect the Vietnamese on-site situation.

Second, the present conditions of biomass use were represented as the “present” material flow diagram. It is composed
of a “compartment (box)” that represents space to generate, convert or use biomass, and “arrow” that represents material
flow. The compartments involve livestock farming, agricultural fields, biogas digesters, and composting facilities, etc.
Components for analysis were raw weight, water content, carbon content and nitrogen content of feedstock biomass and
products. Each value used in the material flow diagram was calculated by multiplying the specific unit of each parameter
by its abundance. Specific unit was based on the surveys or literature and the data sources and detailed calculations are
shown in the Appendix 1 of this thesis.

Third, the regional diagnosis method evaluates the effects of newly installing biomass conversion facilities, such as
biogas digesters, by recalculating the material flows after adjusting some input data according to future scenarios. This

step will be a focus in Chapter 6.

3.2.3 Data Collection for Regional Diagnosis

Data for regional diagnosis was collected by interviews, field surveys and literature reviews.

Interviews were conducted from 11 to 29 January 2010 and 27 October 2010. Interviewees were farmers (30 households)
and public administrations such as Vietnam Department of Science and Technology, Peoples Committee of Ho Chi Minh
City (DOST-HCM), Department of Agriculture and Rural Development of Ho Chi Minh City (DARD-HCM), People
committee of Cu Chi District, People committee of Thai My Village, the objective village in this study.

Field surveys of water quality in the canal, river and household wells (depth of borehole; 30-60 m) were conducted
seven times in the objective village from 2010 to 2012 (21 April 2010, 30 June 2010, 26 October 2010, 14 January 2011, 19
April 2011, 12 July 2011 and 7 April 2012). Ten sampling points (SW1 — SW10) and three sampling points (GW1 - GW3)
were selected for surface water and groundwater, respectively, as shown in Fig. 4. Field surveys at the rice cultivation test
field in the objective village were conducted from 6 December 2011 to 24 March 2012, and from 11 May to 17 August
2012 to obtain data on conventional cultivation with chemical fertilizers. In these tests, rice cultivation was conducted
with farmers contracted by the study team in 1 hectare of a paddy field. Data and information such as application rate of
fertilizers and agrochemicals, the volume of irrigation and drainage water, yield and the amount of by-products such as
rice straw, rice husk and rice bran were obtained from records of the working diary and direct measurements at the site.
The volume of irrigation and drainage water was calculated by multiplying the capacity of the portable water pump used
for irrigation and drainage beforehand, and recorded operating time of it. The yield was measured by weighing unhulled
rice bags at harvest on 24 March 2012 and 17 August 2012 at the site, and calculated to a 15% moisture weight using
moisture values obtained from weight before and after drying at 105°C for 24 hours. The ratio of rice straw to unhulled
rice was calculated by weighing each part sampled at sampling points before harvesting by combine. The ratio of rice husk
and rice bran to unhulled rice was calculated by measuring each weight and moisture after rice hulling.

In the same test field, rice cultivation tests using slurry from biogas digesters as a substitute for chemical fertilizers was
conducted to compare to the cultivation with chemical fertilizers by setting 8 m? experimental plots (Oritate et al., 2013a;
Oritate et al., 2013b) from 11 December 2012 to 13 March 2013, and 200 m? experimental plots from 14 December 2013
to 26 March 2014 (Oritate et al., 2014; Oritate et al., 2015). In these experiments, data on application rate of fertilizer
and agrochemicals, and yield and yield components were collected by measurements at the site. Details are shown in
Appendix 1.
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3.3 Results and Discussion

3.3.1 Estimation of Present Conditions of Biomass Use
Fig. 5 shows the results of diagnosing the present conditions on biomass use in Thai My Village. The ratio of slurry

from biogas digesters to ponds as feed for fishes and to trees in the backyard of farmers’ houses was very low in the

village, so these descriptions were omitted from the material flow diagram. The obtained results are summarized in the
following points:

1) Out of the total livestock excreta of 40,861 t y™!, 13,683 t y! was taken outside the village as feedstock for compost,
8,458 t y! used in the village as feedstock for compost, 2,102 t y' used as feedstock for biogas digesters and 16,618 t
y!, that is, approximately 41% of the total discharged to the lower waterbodies without any treatment.

2) Nitrogen effluent load to water bodies came from untreated livestock excreta, untreated slurry from biogas digesters
and discharges from agricultural fields, reaching a total of 131.6 t y'. The load from untreated livestock excreta
accounted for approximately 43% of the nitrogen that cause water pollution. To decrease water pollution and promote
resource circulation, use of this untreated livestock excreta as feedstock for compost or feedstock biogas digesters can
be proposed.

3) Numbers of biogas digesters introduced were 111 units, accounting for 5% coverage, for approximately 2,102 t y' in
generated livestock excreta. In many cases, more than 5 times the volume of washing water of livestock excreta from
cattle sheds is poured into biogas digesters, usage of digested slurry as liquid fertilizer is limited due to the lack of
knowledge or fear of costs for transportation and application of highly-diluted digested slurry to fields.

4) Water quality parameters such as COD, BOD,, NO,-N, NH -N in the surface water and ground water at some sampling
points, especially, near the livestock farms in the village exceeded the standard value in Vietnam (QCVN 08: 2008/
BTNMT; QCVN 09: 2008/BTNMT) as shown in Table 2 and Table 3.

5) Amounts of rice straw, rice husk and rice bran produced in the field was approximately 3,010 t y!, 434 t y! and 191 t
y!, respectively. Rice straw of 3,010 t y' consists of 2,428 t y!' from the upper part and 582 t y' from the lower part.
The upper part was harvested above 10-20 cm from the ground, and lower part remained in the field. In Fig. 5, rice

husk, rice bran and rice straw are shown as flow from “Paddy fields” to “By product”. Within “By-product”, 405 t y!
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Fig. 4 Sampling points of surface water and ground water in Thai My Village
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was transported outside the village, 595 t y! used as feed for livestock and 434 t y' used as feedstock for compost
inside the village. Whereas, 1,618 t y' of the upper part of rice straw, which is larger than the “By product” was not
used effectively and burned in the fields along with 582 t y! of the lower part of rice straw within a few weeks after

harvesting. Promotion of effective use of this unused rice straw is desired in terms of resource circulation in the region.

3.3.2 Options for Decrease of Environmental Loads by Biomass Use focusing on Energy Production

In the previous section, the necessity to promote effective use of untreated livestock excreta that is discharged into water
bodies at present was proposed in terms of decrease of environmental loads and regional resource circulation. Moreover,
the desirability of effective use of rice straw that is unused at present is also proposed in terms of promoting resource
circulation. Among some options for use of these biomass, the use as the feedstock for regional energy production such
as biogas or bio-ethanol would be sensible options. Technology for bio-ethanol production from rice straw is now under
development as mentioned in Chapter 1, but biogas technology has already been adopted in rural areas in Vietnam as
mentioned in Chapter 2 and this chapter. Therefore, use of livestock manure as feedstock for biogas digesters is discussed
hereafter. Especially, biogas digesters followed by the use of digested slurry as a fertilizer in paddy fields which occupy
large area of agricultural land in the region is proposed as an effective option in terms of 1) decreasing environmental
loads, 2) increasing regional energy production, and 3) saving the input of chemical fertilizers to agricultural fields.
Organic components in livestock excreta are decomposed through methane fermentation processes in biogas digesters
(Li, 2005), therefore, digested slurry is easier for plants to use when compared to untreated livestock excreta. However,
since actual use of digested slurry in paddy fields is now rarely conducted at the site as mentioned above, it is necessary
to investigate effects of it on rice as a fertilizer, environmental effects such as nitrogen pollution or fecal contamination of

lower water bodies through surface discharge, and transportation and application method which is economically feasible.

Table 2 Surface water quality of rivers and canals in Thai My Village

CoD BOD, NH,-N NO,-N TN

mg L! mg L! mg L! mg L! mg L!
SW1# 89 19.7 1.5 20.1 9.0
SW2 72 18.6 1.1 1.5 6.5
SW3 138 19.1 1.6 0.9 3.0
SW4 98 28.9 3.4 1.2 7.8
SW5 84 21.1 1.2 0.4 32
SW6 75 20.0 3.8 1.5 9.0
SW7 125 17.1 1.5 3.3 5.6
SW8 84 27.9 3.1 4.3 8.6
SW9 254 74.0 7.4 2.3 18.5
SW10 14 54 0.2 0.2 0.7

QCVNO8® <30 <15.0 <0.5 <10.0 -

@ SW1-SW10 are the sampling points as shown in Fig. 4. Each value is the average of all data obtained
by sampling surveys except for the following missing values: all parameters of SW10 on 26 October
2010, SW6 on 14 January 2011 and SW10 on 7 April 2012 for without water at sampling points, and
TN of all sampling points on 21 April 2010 for missing of analysis.

b “QCVNO8” is standard for surface water in Vietnam, “QCVNO08: 2008/BTNMT”

Table 3  Ground water quality in Thai My Village

pH TOC NH,-N NO,-N N
mg L' mg L' mg L' mg L!
GWI1? 6.4 22 3.1 2.7 7.1
GW2 5.8 4.9 0.2 0.3 0.5
GW3 54 0.9 0.1 0.5 0.8
QCVNO09® 5.5-8.5 - <0.1 - -

2 GW1-GW3 are the sampling points as shown in Fig. 4. Each value is the average of all data obtained
by sampling surveys except for the following missing values: NO,-N and TN in all sampling points
on 21 April 2010 for missing of analysis

b “QCVNO09” is standard for ground water in Vietnam, “QCVN09: 2008/ BTNMT”
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3.4 Conclusion

This chapter investigated the present conditions of biomass use focusing on livestock excreta treatment, rice cultivation
and conditions of water quality in waterbodies. Necessary data and information were collected from literature reviews,
interviews of farmers and public administrative staff, and field surveys. The material flow diagram that represents the
present biomass use showed that untreated livestock excreta may cause water pollution, and some by-products from rice
cultivation are not effectively used despite they are sources of energy. The effective use of these through appropriate
conversion process can contribute to an increase in production of regional energy such as biogas or bio-ethanol. Especially,
the use of currently untreated livestock excreta as a feedstock for biogas digesters followed by the use of digested slurry in
paddy fields as a fertilizer is an effective option in terms of environmental conservation and saving the input of chemical
fertilizers to agricultural fields.

In promotion of the use of digested slurry, it is necessary to investigate effects of it on rice as a fertilizer, environmental

effects, and transportation and application method which is economically feasible.
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4. FEASIBILITY OF USE OF DIGESTED SLURRY IN PADDY FIELDS FROM FERTILIZER EFFECT AND

ENVIRONMENTAL IMPACT

4.1 Introduction

Digested slurry has a potential to be effective fertilizer and also baneful pollutants, because it contains a lot of organic

substances, nitrogen and pathogenic microbes. However, effects as a fertilizer and environment impacts of digested slurry

have not been quantitatively evaluated in paddy fields in Vietnam. In this chapter, fertilizer effects, fate of nitrogen and

fecal indicator microbes with application of slurry are investigated by the field experiment. For evaluation of fertilizer

effects, two types of nitrogen application rate focusing on T-N and NH,-N in digested slurry was prepared to propose the

appropriate application rate of digested slurry at the site. For
evaluation of environmental effects, prevention of pollution
of lower water bodies derived from surface discharge was
focused on. Fate of nitrogen components and fecal indicator
microbes in surface water of a paddy field after fertilization
was investigated to propose the appropriate period for keeping
surface water in the paddy fields.

4.2 Materials and Methods
4.21 Experimental Fields and Fertilizers

An experiment was conducted during the dry season from
December 2012 to March 2013 in a paddy field of Binh Ha
Dong, Thai My Village, Cu Chi District (10°59°1978” N
106°22°0857” E). Areas around the experimental field in the
western part of Thai My Village are low-lying land, and rice
cultivation is conducted twice a year in most paddy fields. The
soil is Typic Sulfaquepts (USDA 2010). Main properties of the
soil in the experimental fields were: pH of 3.82, EC of 0.017 S
m™', T-N of 3.4 g kg"!, total carbon (T-C) of 43.1 g kg'', NH,-N
of 4.45 mg 100g", nitrate-nitrogen (NO,-N) of 0.02 mg 100g",
calcium oxide (Ca0O), magnesium oxide (MgO) and potassium
oxide (K,0) 0f 52.9,41.1 and 17.1 mg 100g"', respectively.

Experimental plots for three treatments with two replicates
of each 8 m® were set in the experimental fields as shown in
Fig. 6.; 1) chemical fertilized plots (hereafter, CF), 2) digested
slurry plots with the same nitrogen application rate as CF
for NH,-N in digested slurry (hereafter, MF(NH,-N)), and 3)
digested slurry plots with the same nitrogen application rate
as CF for total kjeldahl nitrogen (TKN) in digested slurry
(hereafter, MF(T-N)). Granulated mixed fertilizer of NPK
(N: P,O.: K,O= 20: 20: 15), powdered urea and phosphorus
fertilizer were applied to plot of CF. Digested slurry was
collected from household scale biogas digesters of pig farmers
shown in Fig. 7 in Thai My Village. The feedstock was pig
manure and wash water from pig pens that was fermented at
air-temperature. Collected digested slurry was transported from
pig farms to a storage tank shown in Fig. 8 installed nearby the
experimental paddy field. The digested slurry was sampled at
the first additional fertilization on 20 December 2012. Main

Fig. 8 Storage tank of digested slurry
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properties of the digested slurry were: pH of 7.05, EC of 0.32 S m™, TKN of 885 mg L', NH-N of 322 mg L', NO,-N
of less than 0.01 mg L, PO,-P of 32.7 mg L', K* of 213 mg L, E. coli of 3.6E+07 CFU 100 mL"' and Coliforms
of 5.40E+07 CFU 100 mL-'. Nitrogen, phosphorus and potassium concentrations of this digested slurry was analyzed
again at the second additional fertilization on 8 January 2013, and the values were TKN of 566 mg L', and NH,-N of
449 mg L', PO,-P of 9.92 mg L' and of K* of 236 mg L"'. At the third additional fertilization, the analysis of nitrogen
concentrations was failed to be conducted.

4.2.2 Rice Cultivation Schedule and Fertilization Design

Rice cultivation was conducted based on the customary cultivation schedule in Thai My Village. Rice cultivar was
“OM7347” and sowed directly in the ponded field on 11 December 2012. Additional fertilization was applied 3 times
on 20 December 2012, 8 January 2013 and 22 January 2013. Chemical fertilizers were applied onto the surface water,
and digested slurry was applied through rice plants using a bucket onto the surface water. Harvesting was conducted
on 13 March 2013. Fertilization design is shown in Table 4, and planned and actual application rate of fertilizers is
shown in Table 5. Application rate of digested slurry was decided based on the nitrogen concentrations in the digested
slurry sampled and measured twice before the experiment with approximately 300 and 400 mg L' for NH,-N and TKN,
respectively. Because N concentrations in digested slurry were variable, the actual nitrogen application rate was different
from originally planned one.

4.2.3 Sampling and Analysis

Sampling of surface water was conducted mainly after fertilization during the flooded term, that is, on 11, 19, 20, 21, 22,
27 December 2012 and 9, 15, 23 January 2013. NH,-N and NO,-N were measured by the ion chromatograph (ICS-1500,
Dionex), T-N was measured by the kjeldahl method and E. coli and Coliforms analyzed by the surface plating method
using XMG agar (Nissuipharma).

Samples of surface soil were collected at a depth of 0-10 cm before seeding, after harvesting and mainly after

Table 4 Fertilization design

20 December 2012 8 January 2013 22 January 2013
. (The first additional fertilization)  (The second additional fertilization) (The third additional fertilization)
Experimental Plot o —— ——
Material Fert1llzat_1on rate Material Fert1hzat_1on rate Material Fertlhzat_lon rate
ha'! ha'! ha!
Mixed fertilizer
of NPK® 150 ke
CF Urea 100kg Urea 50 kg
Phosphorus 400 k
fertilizer g
MF(NH,-N) Slurry 1.0x10°L Slurry 1.5x10°L Slurry 0.6x10° L®
ME(T-N) Slurry 0.8x10°L Slurry 1.2x10°L Slurry 0.5x10°L

* Components of mixed fertilizer of NPK are N: P,O,: K,0=20: 20: 15,
® Planned application rate: 0.8x10° L

Table 5 Planned and actual application rate of fertilizers

Planned fertilization rate® (kg ha™') Actual fertilization rate® (kg ha™)
N P,0, K,0 N P,0, K,0
T-N (NH,-N) T-N (NH,-N)
CF 100 94 47 100 94 47
MF (NH,-N) 132 (99) - - 209 (128) 12 86
ME(T-N) 100 (75) . - 166 (102) 10 69

* Application rate of each fertilizer was planned focusing on nitrogen application rate

b Actual fertilization rate was calculated by analyzed values of N, P and K in the slurry and applied volume of slurry at each
fertilization. Analyzed values of the slurry at the second fertilization were also used as the concentrations of N, P and K for the
actual fertilization rate at the third additional fertilization
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fertilization, that is, on 11, 19, 20, 21, 27 December 2012 and 8, 9, 15, 22, 29 January 2013 and 13 March 2013. NH,-N
in soil was extracted with 10% KCL solution (volume of KCL solution: dry weight of soil was 10:1), and measured by
the indophenol blue colorimetric method (Hidaka, 1997) with a spectrophotometer (U-1900, Hitachi). NO,-N in the
soil was extracted with diluted water (volume of distilled water: dry weight of soil was10:1), and measured by the ion
chromatographic method (Kihou, 1997) with ion chromatograph (ICS-1500, Dionex). E. coli and Coliforms in the surface
soil were analyzed by the overlaying method using XMG agar (Nissuipharma).

Yield and yield components, namely height of plants, numbers of ears per 1 m?, numbers of grains per ear and total
nitrogen content of unhulled rice, were measured at harvest. Yield was calculated as the weight of unhulled rice with
moisture of 15%w.b. Protein content of rice was calculated based on the values for total nitrogen (Nakamura and Yuyama,
2005) analyzed by CHNS-Analyzer (Euro EA 3000, Euro Vector).

4.3 Results and Discussion
4.3.1 Influence on Rice Production of Digested Slurry

Table 6 shows the yield and yield components. Although it would be difficult to make statistically rigid arguments due
to the few number of data, the results in Table 6 might suggest the following points.

There was no statistically-significant difference (t-test”, a=0.05) among the experimental plots in yield, years per 1 m?
and gains per ear. Protein content of rice derived from T-N content in rice was highest in the following order; MF(NH,-N),
MEF(T-N) and CF. A higher content of protein in rice decreases the flavor (Ueno et al., 2011), so the flavor of the rice would
not be inferior with the use of digested slurry as a fertilizer, but it may become inferior in case nitrogen application rate
is increased.

According to Table 5, application rate of T-N became approximately twice in MF(NH,-N) and 1.7 times in MF(T-N)
larger than in CF, and approximately 1.3 times in MF(NH,-N) larger than in MF(T-N) and CF as a result of the fluctuations
in nitrogen concentrations of digested slurry of the biogas digester in pig farm.

From the above, it can be concluded that nitrogen in digested slurry can substitute for chemical fertilizers. The lower
application rate of digested slurry for rice production same to conventional cultivation would be desirable to reduce the
risk of nitrogen loads from paddy fields to lower water bodies.

4.3.2 Fate of Nitrogen in the Field after Fertilization

Fig. 9 (a) and (b) show the fate of T-N and NH,-N in the surface water, respectively. NO,-N was very low in the
surface water (below 0.5 mg L) during cultivation, so the values are omitted from the graph. Extreme high values of T-N
observed on 23 January may be derived from a disturbance of surface soil at sampling or contamination with suspended
matter in the surface water. T-N and NH,-N in the surface water increased after the additional fertilization. T-N levels
were high in all plots, more than 20 mg L' even 1 week after the first additional fertilization. Whereas, T-N in the surface
water of CF decreased to less than 10 mg L' in 1 week after the second additional fertilization though both MF plots were
over 10 mg L. NH-N in the surface water for MF(NH,-N) and MF(T-N) were over 10 mg L' even 1 week after the first
additional fertilization, and remained over 5 mg L' during cultivation though NH,-N in the surface water of CF gradually
decreased to below 3.0 mg L', and did not show any remarkable increase after that. The concentrations were higher for
MF(NH,-N) than MF(T-N). This may partly be because of the decomposition of organic nitrogen in the digested slurry
after application to the field. More examination is required to estimate the appropriate duration for prevention of surface

discharge from the plots with digested slurry applied to prevent nitrogen pollution of lower water bodies.

Table 6 Yield and yield components

Experimental Yield Plant height ) T-N Protein
Ears m? Grains ear’'
Plot kg ha'! cm % %
CF 10,176+294 86+5 T61+72 89+17 1.51 8.97
MF(NH4-N) 11,751+1,228 88+4 622+22 13343 1.53 9.12
MF(T-N) 9,489+544 95+4 806150 151+£36 1.51 9.01

Remark: n=1 in T-N and protein, n=2 in yield, ears m? and grains ear’, n=10 in plant height

* with Bonferroni correction
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Fig. 9 (a) T-N in surface water, (b) NH,-N in surface water, (c) NH,-N in surface soil (n=2)

Fig. 9 (c) shows the fate of NH,-N in surface soil. NO,-N in surface soil was also very low (below 2.0 mg (100 g dry
soil)") during cultivation, similar to the surface water, so it is omitted from the graph. NH,-N in the surface soil increased
after fertilization and then gradually decreased. The value was higher in MF(NH,-N) than CF throughout the cultivation.

4.3.3 Fate of E. coli and Coliforms in the Field after Fertilization

Fig. 10 (a) and (b) show the fate of E. coli and Coliforms in surface water, respectively. E. coli and Coliforms in surface
water at MF(NH,-N) and MF(TN) increased to a maximum of 1.0E+07 CFU 100 mL™" after application of digested
slurry, but decreased below non-detectable levels (less than 1.0E+02 CFU 100 mL") within a week and did not show
subsequent increases. This result is similar to the findings by Ueda et al. (2003), who conducted experiments by applying
unchlorinated secondary effluent from sewage treatment works to the paddy field model, and showed that fecal coliforms
in the surface water of the paddy field model decreased 0.6 log day!' and below 1.0E+03 CFU 100 mL"! which was the
WHO guideline on wastewater reuse for unrestricted irrigation (Mara and Cairncross, 1989) within a week, and concluded
that the reason may being the exposition of UV radiation or increases in pH of surface water during photosynthesis of rice
plants (Ueda et al., 2003). From this, at least 1 week of prevention of surface discharge from the plots with digested slurry
applied is needed to prevent fecal contamination of lower water bodies.

Fig. 10 (c¢) shows the fate of E. coli in the surface soil. E. coli in MF(NH -N) and MF(T-N) showed a slight increase
(1.0E+02 CFU g') with the first application of digested slurry. However, it decreased to a non-detective level (less than
1.0E+01 CFU g') within a week and no subsequent increase was observed during cultivation. The reason for decreasing
of E. coli and Coliforms were not investigated certainly in this experiment, but lower pH value of less than 4, other
bacteria or protozoa in the soil would reduce E. coli and Coliforms.

Coliforms in the surface soil showed a similar trend as E. coli until 22 January 2013, but increased again after 22
January 2013 (omitted from the graph). Considering the trends of E. coli, increases in Coliforms are not likely from
digested slurry, so will be investigated in a future study.
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Fig. 10 (a) E. coli in surface water, (b) Coliforms in surface water, (c) £. coli in surface soil.

4.4 Conclusions

Fertilizer effects of digested slurry on rice, the fates of nitrogen components and fecal indicator microbes in surface
water after application of digested slurry as an additional fertilizer was investigated with the field experiment at the site
with comparisons of chemical fertilizer treatments to evaluate the feasibility of use of digested slurry as a fertilizer in
paddy fields in Southern Vietnam.

There were no statistically-significant differences between the plots with digested slurry applied and the plots with
chemical fertilizers applied in yield and yield components, so digested slurry can be substituted for chemical fertilizer
with no bad effects on the rice, and the lower application rate of digested slurry for rice production same to conventional
cultivation would be desirable to reduce the risk of nitrogen loads from paddy fields to lower water bodies.

T-N in surface water of the plots with digested slurry applied were greater than 20 mg L' in 1 week after the first
additional fertilization and more than 10 mg L in 1 week after the second fertilization. NH,-N in surface water was
greater than 10 mg L' in 1 week after the first additional fertilization, and remained over 5 mg L' during cultivation. From
this results, more examination is required to estimate the appropriate duration for prevention of surface discharge from the
plots with digested slurry applied to prevent nitrogen pollution of lower water bodies.

E. coli and Coliforms in surface water of the plots with digested slurry applied increased just after application of
digested slurry, but decreased to non-detectable levels within a week. E. coli and Coliforms in the surface soil showed
similar trends. Based on these results, at least 1 week of prevention of surface discharge from the plots with digested
slurry applied is needed to prevent fecal contamination of lower water bodies.
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5. FEASIBILITY OF USE OF DIFESTED SLURRY IN PADDY FIELDS FROM ECONOMICAL ASPECT

5.1 Introduction

Application of digested slurry to paddy fields requires higher costs and larger burdens on labor than chemical fertilizers
because larger volume of digested slurry has to be conveyed to satisfy equivalent nutrient demands supplied by chemical
fertilizers. To make feasible the use of digested slurry in paddy fields, economical transportation and application methods
of digested slurry should be proposed. In this chapter, demonstration of transportation and application of digested slurry is
conducted, and time, labor, fuel consumption, etc. for each procedure are monitored. The costs of application of digested

slurry are compared to chemical fertilizers, and feasibility of use of digested slurry is evaluated from economical aspects.

5.2 Materials and Methods
5.2.1 Digested Slurry used for This Study

A study site was Thai My Village, Cu Chi District in Ho Chi Minh City. There were approximately 111 small scale
biogas digesters with fermentation tank capacities of 7.8+1.2 m? in the study area as mentioned in Chapter 3. Digested
slurry for the experiments was taken from household scale biogas digesters of adjacent two pig farms for each slurry
application in Thai My Village. The distance between the experimental field and pig farms was 5.3 km. Each location
is shown in Fig. 11. The digesters ferment pig manure and pig pen washing water at air temperature. Properties of the
digested slurry are shown in Table 7. Because large volumes of washing water enter the biogas digesters, nitrogen
concentrations in the digested slurry are lower when compared to ordinary digested slurry in Japan with a range of 1,000
—3,000 mg L' of T-N (Nakamura et al. 2012).

5.2.2 Prototype Slurry Tanker

Vehicles for transportation of digested slurry are rarely available in rural areas of Vietnam. Therefore, an original
prototype slurry tanker was manufactured with assemblage of a 3 m® plastic tank, tractor trolley, motor pump and
generator. Details including dimensions, specifications and price of the equipment are shown in Table 8. Total cost of
the prototype slurry tanker was 3,554 USD. This cost does not include the cost for assemblage because farmers can do it
themselves. Materials are commonly available on-site. The prototype slurry tanker was towed by a 55 HP (horsepower)
tractor. Tractors are usually rented for farm work in the village. The rental fee of a tractor with an operator is 23.85 USD
half-day! (half-day indicates 4 hours). Appearance of the prototype slurry tanker and tractor is shown in Fig. 12.

5.2.3 Experimental Field

Experiments were conducted in 300 m? plots as shown in Fig. 13, set with plastic sheets in a paddy field of Binh Ha
Dong, Thai My Village, Cu Chi District, Ho Chi Minh City (10°59°1978” N 106°22°0857” E) (Fig. 11). In this village, pig
farming and rice cultivation are common. A control plot was also set outside the experimental plot shown in Fig. 13 and
was conventionally cultivated using chemical fertilizers.

Areas containing the experimental fields were located in low-lying lands and rice cultivation conducted twice a year in
most paddy fields. The soil was Typic Sulfaquepts (USDA 2010). Main properties of the soil in the experimental fields
were: pH of 3.93, EC 0of 0.016 Sm™, T-N of 3.9 g kg, T-C 0f 49.4 g kg, NH -N of 1.81 mg 100g" and less than 0.1 mg
100 g of NO,-N.

5.2.4 Cultivation Schedule and Fertilization Method

Experiments were conducted during the rainy season from April to July 2013. Rice cultivar was “OM6976” and sowed
directly in the flooded field on 12 April 2013. Fertilization was conducted as shown in Table 9. Schedules and rates of each
chemical fertilizer application were based on on-site conventional cultivation. First and second additional fertilizations
were conducted when rice was in the tillering stage and the third additional fertilization was done just before the booting
stage. Fertilization dates and nitrogen application rates for the experimental plot were planned the same as the control,
but the first additional fertilization on 25 April 2013 was postponed because the rice plants were too small. Therefore,

application for the first additional fertilization was distributed with the second and the third additional fertilizations.
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Fig. 11  Location of the experimental field, the biogas digesters and pig farms in Thai My Village
Table 7  Properties of digested slurry and irrigation water
pH EC TN NH-N NO-N PO,-P K
Sm! mg L' mg L mg L mg L' mg L!
The second additional ~ Slurry - - 472 305 - - -
fertilization (10 May)  Canal water - - 11 2 - - -
I li Ist
Slurry applied by Ist 5 5 0.39 312 255 <0.01 28.7 192
) o shuttle
The third additional Slurry applied b
fertilization (31 May) [Ty appled by 7.0 0.33 264 243 <0.01 30.5 171
2nd shuttle
Canal water 5.7 0.01 12 N.D.® <0.01 N.D. -

* Values for T-N in this table are actually for total kjeldahl nitrogen (TKN), but the values of NO,-N are negligible as shown above.

> N.D. Not-Detected. (less than 0.2 mg L)

An estimated T-N of 400 mg L' in the digested slurry was used to calculate the application rate of nitrogen for the
experimental plot. The actual nitrogen application rates were as shown in Table 9 based on the nitrogen concentrations

in digested slurry shown in Table 7.

For both the second and the third additional fertilizations for the experimental plot, digested slurry was applied with

irrigation water from the road side of the field as shown in Fig. 13.

The second additional fertilization was conducted with a vacuum truck. A vacuum truck is ordinarily used for the
collection and transportation of sludge from septic tanks of households. The truck had a capacity of 5.5 m* of digested

slurry as shown in Fig. 14 and Table 8 (b). Fig. 15 showed the application of digested slurry with the truck.

The third additional fertilization was conducted with the prototype slurry tanker used for transportation and application
of digested slurry. Fig. 16 showed the application of digested slurry with the prototype slurry tanker. The reason why a
vacuum truck and a proto-type slurry tanker were used in the second and third additional fertilization was to obtain the

data of both types of vehicle for estimation of the cost and labor.
Harvest was conducted on 21 July for the control plot and 26 July for the experimental plot.
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Table 8 Equipment used for pouring digested slurry

(a) Equipment for prototype slurry tanker

Machine/ Machine ! Fuel S Dimension . nitial
Equipment model HP? varie Application Capacity/Specifications investment
quip ty pacity/Sp cost (USD)
Overall dimension:
i i H) 1,270 x (W) 1,360 x (L) 2,280
Plastic tank ) ) ) Stocking digested (H) X.( ) (5 (mm) 143
slurry Total capacity: 3 m?
(Available capacity: 2.7 m?)
Overall dimensions:
Tractor trolley - - - Loading tank (W) 1,500 x (L) 2,800 (mm) 1,670
Tire size: (®) 825 x (W) 160 (mm)
Characteristic curve
. . Q 0 6 12 18
PENTAX Collection and pouring
Motor Pump DX1002G 1.75 - of digested slurry H 9.8 8.3 6.3 3.5 372
Q: Quantity (m* h''), H: Head (m)
HONDA HG . Collection and pouring 220V, 6.0kW, Equipped with the engine of
Generator 950 g 13 Gasoline 4 yioosted slurry HONDA GX390 1,369
Initial investment cost for prototype slurry tanker (Total of above equipment costs) 3,554
*HP: Horsepower of machine
® Data for the costs of equipment were obtained by on-site interviews of farmers and villagers.
(b) Other equipment
Machine/ Machine Fuel .
Equipment model HP variety Use application Remarks Cost (USD)
Tractor FORD 4000 55 qusel Traction of prototype slurry Rental fee of a tractor for half-day* 23.85
oil  tanker
b
‘ Collection, transportation Rental fee of vacuum truck for 1 day'
Vacuum truck . ~ Diesel 1 pouring of digested 71.55
acuum fruc oil zlu pouring ot G1geste Available capacity of tank of vacuum '
Yy truck: 5.5 m*
. . Pouring irrigation water . . . Owned by
Engine Pump B8ONT 5.5 Gasoline into the fields Equipped with a HONDA GX160 engine farmers

* Rental fee of a tractor including operation and maintenance costs, fuel cost and labor cost for 1 operator. “Half day” indicates 4 hours.
® Rental fee of a vacuum truck including operation and maintenance costs, fuel cost and labor cost for 2 operators. “1 day” indicates 8 hours.

¢ Engine pump prepared not only for the irrigation with slurry fertilization, but used for ordinary general agricultural works.

Table 9  Fertilization design for field experiment

Experimental plot Control plot
Application rates for N, P,O, and Application rates for N, P,O, and
Application rate K,O as digested slurry K, 0O as chemical fertilizers®
for digested slurry
N P,O, K,0 N P,0, K,0
Fertilization m’ m? g m? g m? gm? g m? g m? g m?
The first (25 April) - 0.0 0.0 0.0 4.6 8.0 0.0
The second (10 May) 1.67 x 10 7.9 1.9° 6.0¢ 4.0 4.0 3.0
The third (31 May) 1.09 x 10 3.1 0.7 2.4 2.0 2.0 3.9
Total 2.76 x 102 11.0 2.6 8.4 10.6 14.0 6.9

* Variety and rate of chemical fertilizers applied on each fertilization day were as follows;

1) Urea of 10 g m? and phosphorus fertilizer of 50 g m applied on 25 April 2013.

2) Mixed fertilizer of N: P,O,: K,0=20: 20: 15 for 20 g m™ applied on 10 May 2013.

3) Mixed fertilizer of N: P K 20 20: 15 of 10 g m™ and potash fertilizer of 4 g m* applied on 31 May 2013.

® Data of phosphate concentrations in digested slurry used for second additional fertilization could not be obtained. Therefore, rate
was calculated based on the ratio of phosphate concentrations to total nitrogen concentrations for the third additional fertilization.
¢ Data of potassium concentrations in digested slurry used for second additional fertilization could not be obtained. Therefore, rate
was calculated based on the ratio of potassium concentrations to total nitrogen concentrations for the third additional fertilization.
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Pump and generator ‘

Plastic tank (a)

* Prototype slurry tanker manufactured by assemblage of plastic tank, tractor trolley, generator and pump
" Tractor rented every time for fertilization

Fig. 12 (a) Whole pictures of the prototype slurry tanker and tractor for towing, (b) Generator, (¢c) Motor pump

5.2.5 Survey and Analysis Road

At the second additional fertilization day on 10 May 2013, Pouring point for
slurry and water

working procedures needed for pouring digested slurry and
time for each procedures during fertilization was recorded. At Irrigation and

. . L . drainage canal
the third additional fertilization day on 31 May 2013, working
procedures needed for pouring digested slurry, time, fuel and
costs consumed for each procedure during fertilization were
recorded. Data of hourly wages for agricultural activities,

Experimental | 6000 m?
plot

price and components of each chemical fertilizer used for

conventional cultivation and fuel prices were obtained by
interviews of farmers and villagers.

At harvest, yield and yield components such as height of
plants, numbers of ears per 1 m? numbers of grains per 1 ear
were measured. At harvest, the experimental plot was divided
into 12 meshes and harvested unhulled rice in each mesh was

weighed and converted to yield at moisture of 15%w.b. For

Control plot

grains per ear and plant height, 10 rice plants from each mesh Fig. 13 Diagram of experimental field

were sampled and measured. Ten rice plants were sampled
from three points in the control plot and measured for grains

per ear and plant height. Then, all remaining rice in the control

plot was harvested all together using a combine and the yield in the control plot was obtained. T-N content of rice grains
was analyzed with a NC-Analyzer (SUMIGRAPH NC-220, SCAS). T-N content of rice plants was analyzed with a NC-

Analyzer (Euro EA 3000, Euro Vector).

During cultivation, precipitation was recorded with a rain gage (OW-34-BP, Ota Keiki) equipped with a data logger

(U1Z3639, UIZIN).



162 FEWFRRAERT JE s BT CEAWRZEEMT 8 1% (CPRi294E3 1)

5.3 Results and Discussion
5.3.1 Rice Production with the Use of Digested
Slurry by Pouring Method

Yield and yield components for the experimental and
control plots are shown in Table 10. Yield in the experimental
plot was 485 g m?, within the range of 300 —500 g m™ for
on-site conventional cultivation (Oritate et al., 2015) and
yield for Ho Chi Minh City was 392 g m? (General Statistics
Office Vietnam, 2011). However, a yield of 299 g m™ for the
control plot was lower than the values for on-site conventional Fig. 14 Photograph of vacuum truck

cultivation. As shown in Table 9, nitrogen was applied
earlier in the control plot compared to the experimental plot.
Therefore, there would be abundant nitrogen in the control
plot, so, the vegetative growth stage may have lasted longer
in control plot than in the experimental plot. This may result
in the smaller yield in the control plot. Rice production in
the experimental plot showed that digested slurry can be

substituted as the chemical fertilizer for rice production.

5.3.2 Work Procedures, Fuel Consumption and La-
bor for Application of Digested Slurry

Slurry needed for the second and third additional
fertilizations of the experimental plot was 5.0 m* and 3.26
m?, respectively. Slurry was transported by 2 shuttles of the
prototype slurry tanker (available capacity of 2.7 m?) for
the third additional fertilization and 1 vacuum truck for the
second additional fertilization (available capacity of 5.5 m?).
Slurry was collected from biogas digesters of pig farms in
Thai My Village. Slurry and irrigation water were applied
based on previous studies (Koga et al., 2010; Mihara et al.,
2011; Kamioka and Kamewada, 2011; Iwashita et al., 2008).
Atboth additional fertilizations, digested slurry and irrigation
water were poured together until the increase of 4—5 cm of
water level. Water level could not be decreased to shallow

ponding conditions proposed by Iwashita et al. (2008) such > ;
as a water level of 0 cm (Koga et al., 2011) or 0.3 cm (Mihara Fig. 16  Application of digested slurry with the prototype

et al., 2011) just before the second additional fertilization. slurry tanker

Table 10 Yield and yield components in experimental plot and control plot

. Grains per 1 . Nitrogen Nitrogen
Yield Ears per 1m? car Plant height Cf)ntent .Of cpntent of
rice grain rice plants
gm? Ears m? Grains ear’ cm % %
Average 485 232 63 83.3 1.8 4.9
Experimental plot (n=12) (n=12) (n=120) (n=119) (n=12) (n=12)
SD. 187 107.6 24.9 10.7 0.3 0.6
Average 299 483 32 91.8 1.9 3.0
Control plot (n=3) (n=30) (n=30) (n=1) (n=3)

SD. - 101.9 22.7 12.5 - 0.5
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By contrasts, just before the third additional fertilization, field conditions before application of digested slurry were dryer
than the same conditions. for the third additional fertilization, because of poor irrigation and drainage conditions in the
paddy field, and low precipitation before the third additional fertilization as shown in Fig. 17. Pouring rate of digested
slurry was 2.98 L s! for the second additional fertilization and 4.62 L s for the third additional fertilization as shown
in Table 11. Pouring rate of digested slurry that we used was faster than the 2.3 L s'! of Mihara et al. (2011) and 0.48
L s of Kamioka and Kamewada (2011). Irrigation water was poured at a rate of 6.07 L s even though Kamioka and
Kamewada (2011) used a rate of 3.3 L s”'. Both pouring rates in this study were based on the capacity of each pump. For
spatial distribution of digested slurry in paddy fields, the flow rates shown in the past studies such as by Koga or Mihara
are advantageous. On the other hand, large flow rate such as in this study is advantageous for work efficiency.

One worker and one operator for the tractor and two operators for the vacuum truck were engaged for collection,
transportation and pouring of the digested slurry, and one worker took charge of the pouring of irrigation water. The
data obtained for slurry fertilization was compiled as shown in Table 11. Labor costs for agricultural work was 1.19
USD h!' person’, and gasoline price was 1.06 USD L', these data were estimated as common to slurry fertilization for
proto-type slurry tanker and vacuum truck. Time for preparation and withdrawal for collection of digested slurry and
time for preparation and withdrawal for pouring digested slurry were estimated at 900 seconds for 1 shuttle, respectively.
Similarly, time for preparation and withdrawal for irrigation water was estimated at 900 seconds for 1 shuttle. Time
required for monitoring water level of paddy field was estimated as 20% of the running time of engine pump because the
intermitted monitoring will be needed for the application of digested slurry to large area of paddy fields. Rental fee of a
tractor for a half day was 23.85 USD. In the study site, 1 day indicates 8 hours. This cost includes fuel for the tractor and
labor for 1 operator of a tractor. Rental fee of a vacuum truck for 1 day with 2 operators was 71.55 USD. This also includes

fuel for vacuum truck and labor for 2 operators.

5.3.3 Work Procedures, Fuel Consumption and Labor for Application of Chemical Fertilizer

Chemical fertilizers were manually applied by workers. The time required for fertilization per unit weight of chemical
fertilizers was 6.08 x 102 h kg person™'. Application rate for each fertilizer on each fertilization day was as shown in
the notes under Table 9. The prices of fertilizers used for the control plot were surveyed. A motor-cycle was used for
transportation of chemical fertilizers from the farmer’s house to the field. Maximum weight of the chemical fertilizer
transported by the motor-cycle was 50 kg. Ten minutes and 0.17 L of gasoline were consumed for transportation of 1
shuttle from the farmer’s house to the experimental field. The plot was irrigated before application of chemical fertilizer
for the third additional fertilization, because the surface of the field was dry. Data obtained are shown in Table 12.

5.3.4 Comparison of Cost for Fertilization

Cost for slurry fertilization was estimated based on data obtained from the experiments as shown in Table 8 and 9 to
evaluate the feasibility of slurry fertilization from the viewpoint of economics. The estimation conditions were set as
follows, and detail procedures of estimation is described in Appendix 2.

The third additional fertilization ~ Harvesting experimental plot
80 \i' Harvesting
— The first The second control plot
5 g0 additional ~ additional
E Seeding fertilization fertilization
sof ||
s
S 20 | ‘ | ‘
2
o
0 | xl | 1 || |A|I|l u |IAII|I A||II|IAII| i I||A |.n||
4/1 4/11  4/21 51 511 5/21 5/31 6/10 6/20 6/30 7/10 7/20

Month/date (2013)

Fig. 17 Precipitation during cultivation
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Table 11  Data obtained for slurry fertilization

(a) Data common to slurry fertilization for prototype slurry tanker and vacuum truck

No. Category Factor Data
1 Pri Labor costs for agricultural work 1.19 (USD h'! person™')
rice
2 Gasoline price (Average price in May 2013) 1.06 (USD L)
3 Collection of digested slurry :;Trl:y for preparation and withdrawal for collection of digested 900 (s shuttle'y:
4 Pouring of digested slurry ;Tlr:y for preparation and withdrawal for pouring of digested 900 (s shuttle!)
Flow rate for pouring of irrigation water with engine pump 6.07 (Ls™)
Fuel consumption rate for engine pump during irrigation 891 x 10*(Ls™)
7 Pouring of irrigation water  Time for preparation and withdrawal of irrigation water 900 (s shuttle™)
o N
8 Time for monitoring water level of paddy field® 20% of the running time

of an engine pump

@ “Shuttle” indicates the shuttle between the field and the biogas digester for slurry fertilization
® Timing of the monitoring may be intermittent

(b) Data for slurry fertilization with prototype slurry tanker

No. Category Factor Data
1 Price Rental fee of a tractor for half-day (with 1 operator) 23.85 (USD 4hours™)
. Driving speed of a tractor o
2 Transportation (20 minutes required for transportation of 5.3 km.) 0.265 (km min.")
Flow rate for collection of digested slurry with a motor pump on "
3 3.08 (Ls™)
the prototype slurry tanker
Collection of digested slurry  Fuel consumption rate for generator on the prototype slurry tanker
4 to drive the motor pump for collection and pouring of digested 9.94 x 10 (L s™)
slurry (Value is same for pouring of digested slurry)
5 Pouring of digested slurry Flow rate for pouring digested slurry with motor pump on the 462 (s
prototype slurry tanker
(c) Data for slurry fertilization with a vacuum truck
No. Category Factor Data
1 Price Rental fee of a vacuum truck for 1day (with 2 operators) 71.55 (USD 8hours™)
. Driving speed of a vacuum truck i
2 Transportation (Tractor speed was used) 0.265 (km min.™")
3 Collection of digested slurry Flow rate for collection of digested slurry with vacuum truck 4.17(Ls™"
4 Pouring of digested slurry ~ Flow rate for pouring digested slurry with vacuum truck 298 (Ls)

1) Application schedule and rates of fertilization are shown in Table 9.

2) Transportation distance was 2.5 km.

Although the actual distance was 5.3 km to the experimental plot, this distance was reduced to 2.5 km because both

paddy fields and pig farms are distributed in the village as shown in Fig. 11, and digested slurry would be transported from

pig farms to the closest paddy fields.
3) T-N in the digested slurry was 400 or 2,000 mg L-!
T-N of approximately 400 mg L' was the average value obtained in our previous study (Thang et al. 2011). T-N of 2,000

mg L' is a proposed value. Reduction of washing water for livestock sheds into the biogas digesters is expected to reach
the plan value of 2,000 mg L.
4) Surface water levels in the field before and after application of digested slurry and irrigation water were 0 cm and 4

cm, respectively.
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Table 12 Data obtained for fertilization in conventional cultivation with chemical fertilizer
No. Category Factor Data
1 Labor costs for agricultural work 1.19 (USD h''person’')?
2 Gasoline price (Average price in May 2013) 1.06 (USD L)
3 Price Mixed fertilizer of NPK 0.72 (USD kg)
4 Urea 0.48 (USD kg)
5 Phosphorus fertilizer 0.14 (USD kg")
6 Potash fertilizer 0.50 (USD kg)
7 Time for transportation between the field and farmer’s house with 10 (minutes)
a motor-cycle
8 Transportation Fuel consumption rate of a motor-cycle 1.7 x 10? (L min.™")
9 rl\r/llj:oi?:;lleweight of chemical fertilizer transported with a 50 (kg shuttle”)
10 Application Time for fertilization per weight of chemical fertilizer and per one 6.08 x 102 7
workers (h kg! person’)
11 Flow rate for pouring irrigation water with the engine pump 6.07 (Ls)?
12 Pouring of Fuel consumption rate for engine pump during irrigation 8.91x 10*(Ls")
13 irrigation water Time for preparation and withdrawal for pouring of irrigation water 900 (s shuttle™')*
14 in the field Time for monitoring of water level of paddy field® 20% of the running time

of the engine pump

¢ Data is same as for slurry fertilization.
® Timing of the monitoring may be intermittent
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* “Prototype 400 mg L' indicates slurry fertilization with the prototype slurry tanker at a nitrogen concentration of 400 mg L!
b “Prototype 2,000 mg L' indicates slurry fertilization with the prototype slurry tanker at a nitrogen concentration of 2,000 mg L-!
¢ “Vacuum 400 mg L' indicates the slurry fertilization with the vacuum truck at a nitrogen concentration of 400 mg L™!

4“Vacuum 2,000 mg L' indicates slurry fertilization wi

th the vacuum truck at a nitrogen concentration of 2,000 mg L™

Fig. 18 Cost comparisons for fertilization

These results show that an increase in nitrogen concentrations of digested slurry by a reduction in the entry of washing

water from livestock sheds into the biogas digesters make slurry fertilization feasible.

Surface water levels before and after slurry fertilization were set at 0 cm and 4 cm for the third additional fertilization

even though the experiments were conducted during the rainy season. Surface of the field at the third additional fertilization

was dry. Therefore, surface water in the field can be assumed to be almost as dry as the third additional fertilization.

The estimation is summarized in Fig. 18. Costs for fertilization by conventional cultivation with chemical fertilizer was
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estimated as 0.06 USD m™. However, slurry fertilization with the prototype slurry tanker cost 0.13 USD m? and slurry
fertilization with a vacuum truck cost 0.10 USD m™ under the current situation of T-N of 400 mg L' in the digested slurry.
The increase in T-N in the digested slurry from 400 to 2,000 mg L' drastically reduced the costs for slurry fertilization.
Costs for slurry fertilization with both the vacuum truck and the prototype slurry tanker were lower than the costs for
chemical fertilizers. Costs for slurry fertilization with a vacuum truck were lower than the costs with the prototype
slurry tanker, because the vacuum truck can transport larger volumes of digested slurry at one time. However, the use of
prototype slurry tankers to transport digested slurry can be economical because vacuum trucks are rarely available in rural

areas of Vietnam.

5.4 Conclusions

In this study, digested slurry was applied by the pouring method as additional fertilizer to evaluate the feasibility of the
use of digested slurry in paddy fields of Southern Vietnam. Data-related costs and labor for application of digested slurry
and rice production by this method were obtained and compared with applications of chemical fertilizers.

Rice production with the use of digested slurry was 485 g m?, which is within the range of on-site conventional
cultivation with chemical fertilizers. Therefore, it was shown that digested slurry can be substituted for chemical fertilizers
for rice production.

T-N concentrations from 400 to 2,000 mg L in the digested slurry showed that the cost for slurry fertilization can be
reduced to less than the cost for chemical fertilizers.

A reduction in washing water can produce nitrogen concentrations of 2,000 mg L' in the digested slurry. For this, large
volume of washing water after flashing out the pig manure should be separated from influent to a biogas digester. The
separated washing water could be treated by natural purification such as by soil and plants.

Experiments and estimations in this study clarify the feasibility of slurry fertilization in Southern Vietnam.

6. DISCUSSIONS

6.1 Installation and Evaluation of the System to use Digested Slurry from Biogas Digesters

Based on the feasibility of use of digested slurry in paddy fields in Southern Vietnam by evaluation from the view
point of impact on rice plants and surrounding environment, and the economy as clarified in Chapters 3-5, a scenario
to increase biogas digesters in the village for treatment of currently untreated livestock excreta and to use slurry from
the biogas digester at agricultural fields as a fertilizer was proposed and designed as the “Scenario 1”. The details of the
scenario are as follows:

1) All unused pig and milk cow excreta were considered as feedstock for biogas digesters. By increasing the number of
biogas digesters, excreta from 10,288 pigs and 61 milk cows became the target.
2) Water content of digested slurry was set to one fifth of the water content of digested slurry in “present conditions” based

on consideration of transportation cost of slurry in Chapter 5.

3) Digested slurry produced from biogas digesters was used on non-paddy fields at the same application rate as “present
conditions”, and all the rest used at paddy fields as fertilizer.

4) Total nitrogen in the digested slurry was considered as replacement for chemical nitrogen fertilizer based on the results
of rice cultivation tests using digested slurry at the site.

Based on the above assumed scenario, material flow in a village was calculated as shown in Fig. 19. Highlighted results
are arranged in Tables 13, 14 and 15.

Effluent nitrogen load decreased to 79.7 t y' from 131.6 t y!, equivalent to a 39% reduction. The application rate of
nitrogen chemical fertilizer for rice cultivation decreased to 2.5 t y! from 54.4 t y'! as a result of the application of digested
slurry. Percolation and leaching were not changed because the former researches in Japan (Kamioka and Kamewada,
2011; Sunaga et al., 2009; Chen et al., 2013) indicated that the application of digested slurry did not significantly influence
on it as mentioned in Chapter 2. Biogas generation rate increased from 52,125 Nm? y! to 326,822 Nm? y!. Nitrogen
loss from the paddy field slightly increased through ammonia volatilization caused by application of digested slurry to

the surface of the paddy field as mentioned in Appendix 1-1, No.47. Therefore, it is necessary to consider a method of
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Table 13 Changes in nitrogen load to lower water bodies from each
source
Source of nitrogen load Pr.esent Scenario |
Nitrogen load (t year™)

Livestock excreta 57.0 12.7
Leaching from non-paddy 50.8 50.8
Leaching from paddy fields 12.1 12.1
Surface drainage from paddy 4.1 4.1
Digested slurry 7.6 0.0

Total 131.6 79.7
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Table 14 Changes in chemical fertilizer use rate in paddy fields
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application for digested slurry that can minimize the ammonia volatilization rate in the future.

Several reports indicate the annual reductions of GHG emission by adoption of household biogas digesters and indicate
the annual reduction rate per one unit of biogas digester (UNFCCC, 2015). Among them, the reduction rate by adoption
of concrete dome-type biogas digesters in rural areas of Vietnam is 2.7054 t-CO,_y"' ™ per one unit of biogas digester
(assuming that operation rate of biogas digesters of 100%) (UNFCCC, 2012). This rate is derived from the difference in
GHG emissions between using coal, LPG and kerosene as cooking fuel and substitution with biogas. Increase of biogas
digesters of approximately 586 units from 111 at present to 697 in “Scenario 1” can be estimated. Here, number of the
units of biogas digesters are estimated based on popular patterns in Thai My Village, that is, to operate one unit of biogas
digester, 15 pigs or 5 milk cows are needed. Therefore, approximately 1,600 t-CO, y™' can be reduced in the whole Thai

My village from “present conditions” to “Scenario 1.

6.2 Advanced Regional Biomass Use System with Bio-ethanol Production from Rice Straw

Assuming more improvement of regional biomass use in the future, an advanced scenario can be proposed and designed
as “Scenario 2”. In this scenario, a new biomass use system, namely, bio-ethanol production from rice-straw is added to
“Scenario 1”. In “Scenario 2”, unused rice straw of 1,618 t y! which is harvested and left in the field after rice cultivation
is focused on as the feedstock for bio-ethanol. According to the results of experimental production of bio-ethanol from
rice straw at a pilot plant on the site, 420 kL year! of bio-ethanol can be produced from 6,000 t y! of rice straw with a
moisture of 60%w.b. (Mochidzuki, 2013). Therefore, the conversion unit for bio-ethanol from rice straw can be calculated
as 175 L (t-dry rice straw)'. Under this scenario, the material flow in a village was calculated as shown in Fig. 20. This
revealed that approximately 240 kL year' (=190 t y') of bio-ethanol can be produced as regional energy from unused
rice straw. Bio-ethanol could reduce GHG emissions from fossil fuels substituted with bio-ethanol. The calorific value
of bio-ethanol from rice straw in “Scenario 2” is estimated at approximately 5.21 TJ y!' according to calorific value of
bio-ethanol 0of 27.40 TJ Gg' (IPCC, 2006a) and its specific gravity of 0.7893 kg L' (Oki et al., 1994), and by substituting
this bio-ethanol for fossil fuel of which GHG emission factor is 69,300 kg-CO, TJ' (IPCC, 2006b), 0.36 Gg-CO, y' can
be reduced within this village.

6.3 Prospect for Diffusion of Regional Biomass Use System to Southeast Asia

This section further evaluated the prospects of the diffusion of the regional biomass use system mentioned above to
Southeast Asia. The first scenario considers the use and diffusion of biogas digesters, assuming that manure of all pigs
and milk cows is used as feedstock for biogas digesters, and digested slurry is used as fertilizer in agricultural fields.
The total numbers of pigs and milk cow throughout Southeast Asia are approximately 72.2 million in 2013 (FAOSTAT,
2015b) and 1.66 million (refer to Appendix 3). The total number of biogas digester units throughout Southeast Asia can
be estimated at approximately 5.1 million units calculated as for Thai My village. Therefore, the reduction rate of GHG
emission throughout Southeast Asia can be estimated at approximately 14 Mt-CO, y' . This is equal to approximately
3% of the amount of GHG emissions from agricultural sectors in Southeast Asia.

In the above situation, approximately 0.39 Mt y™! of nitrogen is contained in manure for feedstock for biogas digesters.
Therefore, this amount of nitrogen load of digested slurry can be removed from water bodies by using this digested slurry
from biogas digesters in agricultural fields as fertilizer. Total renewable water resources in Southeast Asia is 6,396x10°
mPy! in 2014 (AQUASTAT, 2015), so the reduction of nitrogen load corresponds to a decrease of approximately 0.06
mgN L in all water discharged in Southeast Asia.

The second scenario considers the production and use of bio-ethanol from unused rice straw assuming that two-thirds of
harvested rice straw generated in paddy fields is used for feedstock of bio-ethanol as in “Scenario 2" throughout Southeast
Asia. Yield in paddy of Southeast Asia was 4.19 t ha! in 2013 (FAOSTAT, 2015c), and the volume of rice straw that can
be used for bio-ethanol production is estimated at 0.16 Gt y'! based on the same calculation as for Thai My Village. In this
scenario, approximately 23.7 G L y' of bio-ethanol can be produced and 350 Mt-CO, y™' can be reduced by substituting

"1=2.7054 t-CO, y' in this case
=14 Mt-CO,_ y" in this case
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Table 15 Change in biogas generation rate from biogas digesters

Feedstock of biogas

Present S

cenario 1

digester Biogas generation rate (N m® year™)
Pig excreta 51,394 320,452
Milk cow excreta 731 6,370
Total 52,125 326,822
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“Scenario 2" based on the scenario adding the production of bio-ethanol from rice straw
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this bio-ethanol for fossil fuel. This is equal to approximately 8% of the amount of GHG emissions from agricultural

sectors in Southeast Asia.

Based on the above discussions, the regional biomass use system proposed above would certainly contribute not only

to the local environment, but also to the global environment.
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7. CONCLUSION

In this study, feasibility of use of digested slurry from biogas digesters in paddy fields in Southern Vietnam was clarified
in terms of fertilizer effects on rice, environmental impacts and economical aspect. Following is the summarization of the
results obtained. In addition, effects of regional biomass use system to Southeast Asia were forecasted.

In Chapter 3, regional diagnosis of a representative suburban village in Southern Vietnam where rice cultivation and
livestock farming are popular was conducted to clarify the present conditions of use of regional biomass. Literature
reviews, interviews at the site and field surveys were conducted to collect data for the present regional diagnosis. The
analysis of the material flow diagram clarified that untreated livestock excreta and untreated digested slurry occupied
49% in total nitrogen load to regional water bodies, and may cause water pollution, and that of some by-products from
rice cultivation, especially, approximately 67% of harvested rice straw is not effectively used even though they may be
sources of energy. As the most effective option for this situation, the use of currently untreated livestock excreta as the
feedstock for biogas digesters followed by the use of digested slurry in paddy fields in terms of environmental conservation
and saving the input of chemical fertilizers to agricultural fields was proposed. Then, the necessity of investigating the
feasibility from the view point of 1) effects on rice as a fertilizer and environmental impacts such as nitrogen pollution
or fecal contamination of lower water bodies through surface discharge during its use, and 2) economical methods of
transporting and applying it, was proposed to promote of the use of digested slurry.

In Chapter 4, to evaluate the feasibility of use of digested slurry in paddy fields of Southern Vietnam from the view
point of fertilizer effects on rice, environmental impacts such as nitrogen load and fecal contamination with application of
digested slurry, a field experiment on small plots in a paddy field at the site was conducted to compare it with conventional
cultivation with chemical fertilizers. Nitrogen concentrations and fecal indicator microbes such as E. coli and Coliforms
in surface water following fertilization, and yield and yield components were surveyed. As the results, there was no
significant difference in yield and yield components between both treatments, nitrogen concentrations in surface water in
plots treated with digested slurry decreased gradually but were higher than 10 mg L' even 1 week after fertilization, and
E. coli in surface water of the plot treated with digested slurry decreased to a non-detectable level within 1 week after
fertilization. This clarified that digested slurry is applicable as a fertilizer for rice, and that the prevention of nitrogen load
and fecal contamination in lower water bodies is possible along with the prevention of discharge from the plot treated
with slurry for a determined duration.

In Chapter 5, to evaluate the feasibility of use of digested slurry in paddy fields of Southern Vietnam from the view
point of economy and labor, a field experiment to test the use of digested slurry by the pouring method was conducted
at the site. A vacuum truck was used to transport and pour the digested slurry, and a prototype slurry tanker was also
manufactured to transport and apply digested slurry, because vacuum trucks are rarely available in rural areas of Vietnam.
To evaluate feasibility, costs and labor for application of digested slurry were examined and compared with conventional
cultivation methods using chemical fertilizers. Among the results, costs for slurry fertilization with a prototype slurry
tanker and a vacuum truck were estimated at 0.13 USD m?, and 0.10 USD m™, respectively. These costs were higher than
the 0.06 USD m for conventional cultivation with T-N of approximately 400 mg L' in the digested slurry. However, it
was clarified that the cost for slurry fertilization can be lower than that in conventional cultivation when the concentration
of nitrogen in the digested slurry is increased from 400 to 2,000 mg L. These results clarified that an increase in nitrogen
concentrations in digested slurry makes slurry fertilization feasible by decreasing the amount of washing water for
livestock sheds that enters into the biogas digesters.

In Chapter 6, according to the results obtained in Chapters 3-5, reduction of 39% of nitrogen load in water bodies and
reduction of 1,600 t-CO, y' of GHG emissions were expected by diffusion of biogas digesters and use of digested slurry
in a suburban village in Southern Vietnam. Reduction of 0.36 Gg-CO, y"' of GHG emission was expected by advanced
regional biomass use system with bio-ethanol production from rice straw in the village. The diffusion of biogas digesters
and use of digested slurry in paddy fields in Southeast Asia would reduce approximately 0.06 mgN L of nitrogen load in
the water bodies and approximately 14 Mt-CO, y"' of GHG emission. Diffusion of bio-ethanol production from rice straw
would reduce 350 Mt-CO, y' of GHG emissions. The total reduction of 364 Mt-CO, y' of GHG emission corresponds to

approximately 11% of the amount of GHG emissions from agricultural sectors.
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Vietnam was selected as a representative Southeast Asian country in this study, and regional biomass use systems
were developed based on the situation in Vietnam. However, these details differ among countries in the region. Thus, in
practice, it will necessary to fine-tune the systems proposed in this study in order to apply them in each Southeast Asian
country. In addition, though the systems are based on household biogas digesters, the economies of Southeast Asian
Countries are growing rapidly and their livestock sectors will likely grow as well. Therefore, additional consideration of

large-scale livestock farming will be necessary in the future.
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Appendix 2 Calculation procedures of cost for fertilization
Appendix 2-1 Operation costs

1. Conventional cultivation with chemical fertilizer

(1) Area: 2,500 m?

An area of 2,500 m? was set to optimize the transportation of chemical fertilizer as shown (3) below.

(2) Weight and price of chemical fertilizer
a. The first additional fertilization
Weight of phosphorus fertilizer: 50 g m? x 2,500 m? = 125,000 g
Price of phosphorus fertilizer: 125,000 g x 0.14 USD kg! = 17.50 USD
Weight of Urea: 10 g m? x 2,500 m? = 25,000 g
Price of Urea: 25,000 g x 0.48 USD kg = 12.00 USD
Subtotal weight: 125,000 g + 25,000 g = 150,000 g
Subtotal price: 17.50 USD + 12.0 USD = 29.50 USD

b. The second additional fertilization
Weight of mixed fertilizer: 20 g m? x 2,500 m? = 50,000g
Price of mixed fertilizer: 50,000 g x 0.72 USD kg' =36.00 USD

c. The third additional fertilization
Weight of mixed fertilizer: 10 g m x 2,500 m? = 25,000 g
Price of mixed fertilizer: 25,000 g x 0.72 USD kg = 18.00 USD
Weight of potash fertilizer: 4 g m? x 2,500 m? = 10,000 g
Price of potash fertilizer: 10,000 g x 0.50 USD kg = 5.00 USD
Subtotal weight: 25,000 g + 10,000 g =35,000 g
Subtotal price: 18.00 USD + 5.00 USD = 23.00 USD

Total weight: 235,000 g
Total price: 88.50 USD

(3) Transportation
a. The first additional fertilization
150,000 g + 50 kg shuttle” = 3 shuttles

b. The second additional fertilization
50,000 g + 50 kg shuttle! = 1 shuttle

c¢. The third additional fertilization
35,000 g + 50 kg shuttle! = 0.7=1 shuttle

Total: 5 shuttles

Total time: 5 shuttles X 10 min shuttle! = 50 min

Fuel consumption for a motor-cycle: 1.7 x 102 (L min!) x 50 min=0.85 L
Gasoline cost: 0.85 L x 1.06 USD L' =0.90 USD

Labor cost: 50 min % 1.19 USD h! person = 0.99 USD

Subtotal cost: 0.90 USD + 0.99 USD = 1.89 USD
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(4) Application
Time: 235,000 g x 6.08 x 102 h kg! person'=14.29 h person’!
Labor cost: 14.29 h x 1.19 USD h™! person™ = 17.01 USD

(5) Irrigation water
% Water level in paddy field was increased from 0 cm to 4 cm through irrigation to dissolve chemical fertilizer and

increase absorption by rice plants

Water volume: 0.04 m x 2,500 m?> = 100 m*

Pouring time: 100 m® + 6.07 (L s!) =16,474.46 s

Fuel consumption of pump for irrigation: 16,474.46 s x 8.91 x 10* (L s') =14.68 L
Gasoline cost: 14.68 L x 1.06 USD L' =15.56 USD

Labor working time: 16,474.46 s x 0.2 + 900 s =4,194.89 s

Labor cost for irrigation: 4,194.89 s x 1.19 USD h'! person’! = 1.39 USD

Subtotal cost: 15.56 USD + 1.39 USD = 16.95 USD
Total cost: 16.95 USD x 3 times = 50.85 USD

Total cost 158.25 USD for 2,500 m?
=6.33 x 102 USD m?
=0.06 USD m?

2. Slurry fertilization with vacuum truck

(1) Cost for one shuttle

a. Collection of digested slurry
Running time of pump: 5.5 m? shuttle! +4.17 L s' = 1,318.94 s shuttle™
Total time: 1,318.94 s shuttle! + 900 s shuttle'= 2,218.94 s shuttle!

b. Transportation of digested slurry
Time: 2.5 km x 2 (one way) + 0.265 km min™' = 1,132.08 s shuttle™!

c. Pouring of digested slurry
Running time of pump: 5.5 m? shuttle +2.98 L s' = 1,845.64 s shuttle™!
Total time: 1,845.64 s shuttle! + 900 s shuttle! = 2,745.64 s shuttle™!

d. Cost for one shuttle
Time for one shuttle: 2,218.94 s + 1,132.08 s +2,745.64 s = 6,096.66 s=1.69 h
Vacuum truck rental fee: 8.94 USD h'! x 1.69 h=15.11 USD shuttle™!

#Rental fee includes 2 operators and fuel cost for transportation and pump.
Labor cost for one worker: 1.69 h x 1.19 USD h' person = 2.01 USD shuttle!
Cost for one shuttle of a vacuum truck: 15.11 +2.01 = 17.12 USD shuttle!

(2) Area for one shuttle

a. Area for digested slurry with 400 mg L' of T-N
The second fertilization: 400 mg L' x 5.5 m? shuttle”! + 7.9 g m?=278.48 m? shuttle"’
The third fertilization: 400 mg L! x 5.5 m3 shuttle! + 3.1 g m2=709.67 m? shuttle’!

b. Area for digested slurry with 2,000 mg L! of T-N
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The second fertilization: 2,000 mg L' x 5.5 m* shuttle! + 7.9 g m?=1,392.40 m? shuttle™!
The third fertilization: 2,000 mg L' x 5.5 m?® shuttle! + 3.1 g m?=3,548.38 m? shuttle™!

(3) Cost for irrigation
$ Water level in paddy field increased from 0 cm to 4 cm by irrigation and digested slurry of 5.5 m* with one shuttle.

a. Pouring of irrigation water in case of digested slurry with 400 mg L! of T-N
Water volume for the second fertilization: 0.04 m x 278.48 m? -5.5 m® =5.64 m*
Water volume for the third fertilization: 0.04 m x 709.67 m? -5.5 m* = 22.89 m®
Pump running time for the second fertilization: 5.64 m* + 6.07 L s'=929.15 s
Pump running time for the third fertilization: 22.89 m* + 6.07 L s'=3,771.00 s

Fuel cost of pump for the second fertilization: 929.15 s x 8.91 x 10# L s x 1.06 USD L
=0.88 USD

Fuel cost of pump for the third fertilization: 3,771.00 s x 8.91 x 10* L s! x 1.06 USD L'
=3.56 USD

Labor cost for the second fertilization: (929.15 s x 0.2 + 900 s) x 1.19 USD h*! person’!
=0.36 USD

Labor cost for the third fertilization: (3,771.00 s x 0.2 + 900 s) x 1.19 USD h' person’!
=0.55USD

b. Pouring of irrigation water in case of digested slurry with 2,000 mg L' of T-N
Water volume for the second fertilization: 0.04 m x 1,392.40 m? - 5.5 m* =50.20 m*
Water volume for the third fertilization: 0.04m x 3,548.38 m? - 5.5 m® = 136.44 m®
Pump running time for the second fertilization: 50.20 m* + 6.07 L s =8,270.18 s
Pump running time for the third fertilization: 136.44 m* + 6.07 L s =22,477.76 s

Fuel cost of pump for the second fertilization: 8,270.18 s x 8.91 x 104 L s x 1.06 USD L
=7.81 USD

Fuel cost of pump for the third fertilization: 22,477.76 s x 8.91 x 10* L s x 1.06 USD L™
=21.23 USD

Labor cost for the second fertilization: (8,270.18 s X 0.2 + 900 s) x 1.19 USD h™! person’!
=0.84 USD

Labor cost for the third fertilization: (22,477.76 s x 0.2 + 900 s) x 1.19 USD h™! person™!
=1.78 USD

(4) Sum of slurry fertilization cost for vacuum truck
a. T-N of 400 mg L"! in digested slurry
Cost for the second fertilization: 17.12 + 0.88 + 0.36 =18.36 USD
Cost for the second fertilization per 1m?: 18.36 USD + 278.48 m*=6.59 x 102 USD m?
Cost for the third fertilization: 17.12 + 3.56 + 0.55 = 21.23 USD
Cost for the third fertilization per 1m?: 21.23 USD =+ 709.67 m?>=2.99 x 102 USD m™
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Cost for T-N in digested slurry of 400 mg L' per 1m?: 6.59 x 102+ 2.99 x 102 =9.58 x 102 USD m
=0.10 USD m?

b. T-N of 2,000 mg L' in digested slurry
Cost for the second fertilization: 17.12 + 7.81 + 0.84 = 25.77 USD
Cost for the second fertilization per 1m?: 25.77 USD + 1,392.40 m*=1.85 x 102 USD m?
Cost for the third fertilization: 17.12 +21.23 + 1.78 = 40.13 USD
Cost for the third fertilization per 1m* 40.13 USD + 3,548.38 m*>=1.13 x 102 USD m™
Cost for T-N in digested slurry of 2,000 mg L' per Im? 1.85 x 102+ 1.13 x 102
=2.98 x 102 USD m?2=0.03 USD m?

3. Slurry fertilization with a prototype slurry tanker

(1) Cost for one shuttle

a. Collection of digested slurry
Running time for generator to drive pump: 2.7 m® shuttle + 3.08 L s! = 876.62 s shuttle™!
Total time: 876.62 s shuttle! + 900 s shuttle = 1,776.62 s shuttle™!

b. Transportation of digested slurry
Time: 2.5 km shuttle! x 2 (one way) + 0.265 km min”' = 1,132.08 s

c. Pouring of digested slurry
Running time for generator to drive pump: 2.7 m® shuttle! + 4.62 L s! = 584.42 s shuttle’!
Total time: 584.42 s shuttle! + 900 s shuttle! = 1,484.42 s shuttle™!

d. Cost for one shuttle
Fuel cost for collection of digested slurry: 876.62 s shuttle! x 9.94 x 10* L s x 1.06 USD L"!
=0.92 USD shuttle™
Fuel cost for pouring of digested slurry: 584.42 s shuttle! x 9.94 x 10* L s x 1.06 USD L-!
=0.62 USD shuttle™!
Fuel cost for one shuttle 0.92 USD shuttle! +-0.62 USD shuttle”! = 1.54 USD shuttle™!

Time for one shuttle: 1,776.62 s + 1,132.08 s + 1,484.42 s=4,393.12s=1.22h
Rental fee for tractor: 5.96 USD h! x 1.22 h shuttle! = 7.27 USD shuttle’!

#Rental fee includes labor cost for 1 operator and fuel cost for transportation.
Labor cost for one worker: 1.22 h x 1.19 USD h'! person = 1.45 USD shuttle™!
Cost for one shuttle with prototype slurry tanker: 1.54+7.27+1.45=10.26 USD shuttle™!

(2) Area for one shuttle

a. Area for digested slurry with 400 mg L' of T-N
The second fertilization: 400 mg L' x 2.7 m® shuttle’ + 7.9 g m?=136.71 m? shuttle’!
The third fertilization: 400 mg L' x 2.7 m? shuttle! + 3.1 g m?=348.39 m? shuttle!

b. Area for digested slurry with 2,000 mg L' of T-N
The second fertilization: 2,000 mg L! x 2.7 m? shuttle! + 7.9 g m2=683.54 m? shuttle™!
The third fertilization: 2,000 mg L' x 2.7 m?® shuttle” + 3.1 g m?=1,741.94 m? shuttle’!
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(3) Cost for irrigation
# Water level in paddy field was increased from 0 cm to 4 cm by irrigation and digested slurry of 2.7 m?® by one shuttle.

a. Pouring of irrigation water in case of digested slurry with 400 mg L' of T-N
Water volume for the second fertilization: 0.04 m x 136.71 m?- 2.7 m*=2.77 m?
Water volume for the third fertilization: 0.04 m x 348.39 m?>- 2.7 m*=11.24 m’

Pump running time for the second fertilization: 2.77 m* + 6.07 L s'=456.34 s
Pump running time for the third fertilization: 11.24 m* + 6.07 L s'=1,851.73 s

Fuel cost of pump for the second fertilization: 456.34 s x 8.91 x 10* L s x 1.06 USD L
=0.43 USD
Fuel cost of pump for the third fertilization: 1,851.73 s x 8.91 x 10* L s x 1.06 USD L
=1.75USD

Labor cost for the second fertilization: (456.34 s x 0.2 + 900 s) x 1.19 USD h™! person’!
=0.33 USD
Labor cost for the third fertilization: (1,851.73 s x 0.2 + 900 s) x 1.19 USD h™! person™'
=0.42 USD

b. Pouring of irrigation water in case of digested slurry with 2,000 mg L' of T-N
Water volume for the second fertilization: 0.04 m x 683.54 m? - 2.7 m’ = 24.64 m®
Water volume for the third fertilization: 0.04 m x 1,741.94 m? - 2.7 m3 = 66.98 m?

Pump running time for the second fertilization: 24.64 m* + 6.07 L s' =4,059.31 s
Pump running time for the third fertilization: 66.98 m* + 6.07 L s = 11,034.60 s

Fuel cost of pump for the second fertilization: 4,059.31 s x 8.91 x 10# L s x 1.06 USD L
=3.83 USD

Fuel cost of pump for the third fertilization: 11,034.60 s x 8.91 x 10 L s x 1.06 USD L'
=10.42 USD

Labor cost for the second fertilization: (4,059.31 s x 0.2 + 900 s) x 1.19 USD h'person’!
=0.57 USD

Labor cost for the third fertilization: (11,034.60 s x 0.2 + 900 s) x 1.19 USD h-'person’!
=1.03 USD

(4) Sum of slurry fertilization cost by the prototype slurry tanker
a. T-N of 400 mg L"! in digested slurry
Cost for the second fertilization: 10.26 + 0.43 + 0.33 = 11.02 USD shuttle™!
Cost for the second fertilization per 1m?: 11.02 USD shuttle! = 136.71 m? shuttle’!
=8.06 x 102 USD m?
Cost for the third fertilization: 10.26 + 1.75 + 0.42 = 12.43 USD shuttle™!
Cost for the third fertilization per 1m?: 12.43 USD + 348.39 m? shuttle!=3.57 x 102 USD m™

Cost for T-N of 400 mg L' per 1m? in digested slurry: 8.06 x 102+ 3.57 x 102 USD m™
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=0.12 USD m?
(Therefore, total cost for slurry fertilization with T-N of 400 mg L' in digested slurry is approximately 0.13 USD m™
by adding the depreciation cost for prototype slurry tanker of 8.92x10* USD m™ and maintenance and repair cost for
prototype slurry tanker of 4.55x10* USD m? as mentioned in Appendix 2-2 to above operation cost of 0.12 USD m™2.)

b. T-N of 2,000 mg L' in digested slurry
Cost for the second fertilization: 10.26 + 3.83 + 0.57 = 14.66 USD shuttle™!
Cost for the second fertilization per 1m?: 14.66 USD + 683.54 m? shuttle'=2.14 x 102 USD m™
Cost for the third fertilization 10.26 + 10.42 + 1.03 =21.71 USD shuttle™!
Cost for the third fertilization per Im?: 21.71 USD shuttle! + 1,741.94 m? shuttle™!
=1.25x 10 USD m?

Cost for T-N 0f 2,000 mg L' per 1 m? in digested slurry: 2.14 x 102+ 1.25 x 10~

=3.39 x 102 USD m™
(Therefore, total cost for slurry fertilization with T-N of 2,000 mg L' in digested slurry is approximately 0.04 USD m™
by adding the depreciation cost for prototype slurry tanker of 2.14x10* USD m and maintenance and repair cost for
prototype slurry tanker of 1.09%10- USD m as mentioned in Appendix 2-2 to above operation cost of 3.39 x 102 USD

m?)

Appendix 2-2 Depreciation, maintenance and repair costs of prototype slurry tanker
Depreciation costs

Initial investment cost for prototype slurry tanker (on the assumption that maximum depreciation period of 15 years)

Plastic tank: 429 USD (143 USD x 3 times)
Tractor trolley: 1,670 USD

Motor pump: 372 USD

Generator: 1,369 USD

Total: 429 + 1,670 + 372 + 1,369=3,840 USD

Maximum depreciation period of machine tools, pumps and generators are 15 years based on the Vietnamese guidelines
for depreciation of fixed assets”45/2013/TT-BTC”. The maximum depreciation period of plastic tank is assumed as 5

years.

Rice is harvested twice a year in half of paddy fields, and 3 times a year in another half of paddy fields in Thai My Village.

Therefore, the depreciation cost per crop with prototype slurry tanker can be estimated as follows;
3,840 USD + 15 years + 2.5 crops year! = 102.4 USD crop!

(According to Appendix 2-1. 3 (1), total time for a shuttle of the prototype slurry tanker can be calculated as follows;
1,776.62 + 1,132.08 + 1,484.42 = 4,393.12 s shuttle™)

(1) Area for one shuttle of prototype slurry tanker
Areas for one shuttle are shown as Appendix 2-1. 3 (2).
a. Area for the T-N in digested slurry of 400 mg L*!

The second fertilization: 136.71 m? shuttle!

b. Area for digested slurry with 2,000 mg L' of T-N
The second fertilization: 683.54 m? shuttle’!
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* Area for the second fertilization was taken because the second fertilization is more critical than the third fertilization.

(2) Time for all procedures
According to Appendix 2-1. 3 (1) and (3), times for every procedure are shown as follows;
a. Collection and transportation of digested slurry

1,776.62 s +1,132.08 s =2,908.70 s

b. Pouring of digested slurry
1,484.42 s

c. Irrigation for the second fertilization*
T-N in digested slurry of 400 mg L™
456.34 s+ 900 s =1,356.34 s
T-N in digested slurry of 2,000 mg L-!
4,059.31 s +900 s =4959.31 s

(3)-1 Sequence in 8 hours for digested slurry with 400 mg L' of T-N
Sequence of slurry fertilization in 8 hours is shown as Fig. Ap2-1.

Time for one shuttle: 2,908.70 s + 1,484.42 s =4,393.12 s
Number of shuttles in 8 hours: 8 h +4,393.12 s shuttle! =6.56
Therefore, the maximum frequency of shuttle per day is 6 shuttles.
Therefore, maximum area for application of digested slurry per crop is estimated as follows;
6 shuttle day! x 136.71 m? shuttle’! x 14 days** = 11,483.64 m? crop!
** The second fertilization is acceptable for 14 days based on the interval of each additional fertilization.
Therefore, the depreciation cost of prototype slurry tanker per area can be estimated as follows:
102.4 USD crop™ + 11,483.64 m? crop=8.92 x 10 USD m

(3)-2 Sequence in 8 hours for digested slurry with 2,000 mg L of T-N

Sequence of slurry fertilization in 8 hours is shown as Fig. Ap2-2 because time for pouring of irrigation water is longer
than time for collection and transportation of digested slurry and pouring of digested slurry.

&
<€

v

Collection and . Collection and ) Collection and .
transportation of ~ Pouring of transportation of ~ Fouring of transportation of ~ Pouring of
digested slurry digested slurry digested slurry digested slurry digested slurry digested slurry

nanad > aanad S

Pouring of Pouring of Pouring of
irrigation water irrigation water irrigation water

Fig. Ap 2-1 Sequence in 8 hours for shurry fertilization with 400 mg L' of T-N

Within 8 hours

&
€

\ 4

Collection and  Pouring Collection and Pouring Collection and Pouring
transportation  of transportation of transportation of
of digested digested  of digested digested  of digested digested

slurry a slurry slurry a slurry slurry i slurry

Pouring of Pouring of Pouring of
irrigation water irrigation water irrigation water

Fig. Ap 2-2  Sequence in 8 hours for slurry fertilization with 2,000 mg L™ of T-N
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Number of shuttles in 8 hours, “n” is indicated by the following equation.
2,908.70 s shuttle +4959.31 s shuttle’ xn<8h
n<522
Maximum shuttles for one day is 5 shuttles.
Maximum area for application of digested slurry per crop is as follows;
5 shuttle day™!' x 683.54 m? shuttle! x 14 days = 47,847.80 m? crop™

Therefore, the depreciation costs of prototype slurry tanker per area can be estimated as follows:
102.4 USD crop™! +47,847.80 m? crop™ = 2.14 x 10 USD m?

Maintenance and repair cost
Maintenance and repair cost of generator to drive motor pump corresponds to the maintenance and repair cost of the
prototype slurry tanker.

Here, regarding “maintenance and repair cost” as Cmr

(1) Cmr for a day in use*
=Cin x Rmr
Here,
Cin; Initial investment cost for power unit of prototype slurry tanker

Rmr; Maintenance and repair cost rate for equivalent value with use for one day

* Ministry of Agriculture, Forestry and Fisheries (2014) Estimation standards for land improvement (for machine cost),
p-3

(1)-1 Cin here is assumed as initial investment cost for total of motor pump and generator
=372 USD + 1,369 USD = 1,741 USD

(1)-2 Rmr = (Cd + Rmr + Ram X Yst) + (Dst x Yst)
Here,
Cd; Depreciation cost (Cd was neglected because calculated as shown in former part in Appendix 2-2.)
Rmr; Maintenance and repair cost rate** = 120 % of Cin
Ram; Annual management cost rate**= 7 % of Cin
Yst; Standard years in use = 15 years***
Dst; Annual standard days in use = 14 days**** (Faf in a crop)! x (2 times of Af) crop™ x 2.5 crop year! =70 days
Here,
Faf; Frequency of additional fertilization
Af; Additional fertilization

**  Ministry of Agriculture, Forestry and Fisheries (2014) Estimation standards for land improvement (for machine
cost), p. 182
*#% Maximum depreciation period of pumps and generators is 15 years based on the Vietnamese guidelines about
depreciation of fixed assets”45/2013/TT-BTC”.
**%* Maximum days for application of digested slurry is assumed as 14 days for each fertilization based on the interval
of each additional fertilization.
In this case,

Cd can be neglected because it was calculated in another category in this study.

Therefore,
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Cmr for a day in use=3.73 USD day

(2) Area for one shuttle

Areas for one shuttle are shown as Appendix 2-1. 3 (2)
a. Area for the T-N in digested slurry of 400 mg L™!

The second fertilization: 136.71 m? shuttle!

b. Area for digested slurry with of 2,000 mg L' of T-N
The second fertilization: 683.54 m? shuttle’!

(3) Cmr for prototype slurry tanker per area
T-N of 400 mg L in digested slurry:
Cmr per area
=3.73 USD day! + (136.71 m? shuttle™! x 6 shuttle day™)
=4.55 x 10 USD m?

T-N of 2,000 mg L' in digested slurry:

Cmr per area

=3.73 USD day! + (683.54 m? shuttle™! x 5 shuttle day)
=1.09 x 10 USD m

Appendix 3 Calculation procedures of the number of milk cow in Southeast Asia

1)Data of the number of dairy cattle (=mentioned as “milk cow” in this study) of the following Southeast Asian Countries
is not shown in statistical data: Brunei Darussalam, Cambodia, Lao PDR, Malaysia, Philippines, Singapore, Thailand
and Timor-Leste.

2)Therefore, these data were estimated by the average ratio of dairy cattle to cattle of Indonesia, Myanmar and Vietnam.

3)The numbers and ratio of dairy cattle to cattle in Indonesia, Myanmar and Vietnam are as following table.

The number The number  Ratio of Data for
of dairy of cattle dairy cattle year
cattle to cattle
heads heads % year
,,,,, ndonesia 411213 12740690 323 2013
_Myanmar 394135 11313425 348 2002
Vietnam 174,000 5,156,727 3.37 2013
Average - - 3.36 -

4)As shown in above table, average ratio of dairy cattle to cattle in existed data is calculated at 3.36%.
5)49,271,938 heads of cattle™ in Southeast Asian Countries multiplied by 3.36% of ratio estimated 1,655,537 heads of

dairy cattle in Southeast Asian Countries.

* The number of cattle and dairy cattle in Indonesia for 2013, FAO-GLIPHA, http://kids.fao.org/glipha/. Accessed 19
November 2015

** The number of cattle and dairy cattle in Myanmar for 2002, FAO-GLIPHA, http://kids.fao.org/glipha/. Accessed 19
November 2015

*** The number of cattle and dairy cattle for 2013, Viet Nam News http://vietnamnews.vn/economy/248720/dairy-sector-
looks-to-triple-cattle-population.html Accessed 19 November 2015

**%% FAO (2013a) Live Animals in 2013. In: FAOSTAT. http://faostat3.fao.org/download/Q/QA/E. Accessed 26
November 2015
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W7 VT ICBT 2K ESARKHFILED
KRHEIZE T 5 BIEA & 2T B E

PEVSCF +

* WIS R IR LA se s IS A VF—2 =y b

E F

W7 VT8 B Re 2 N A < AFH Y AT 2 032 Hig LT, HIsias i & B
Bizb o0&, WH7T U7 OKEIZET 5K E 5 ARMHALEOWAFN & € OBBZEIZ OV TG L 72,
RRlE & FREDS S P A7 X b F ARHROER T AL AT 2 0 12, NA A AFHICHE T 28Rz oML, K
S ASRRHALE O T LIZ L 2 AKIEANOERAFIRIE ZNS DN, F T ALEANOFEFRB L
HALEOKHEIEE L CORARELZ R Lz, £72, BHOKEIZBEWT, HALEOIER) R M i A
BROHMKPORERD L OHEEREROBREZ A L, MBIEICHE ) THRKETEIE, AL %123
M E—EHE L2 VE)ICTEIETHIFAZ 2R Lz, 61, HILERDOWIEFMAZITH)HED
M A M ZHE L, HLHOREZEZBUED SHFIZT 22 8T, EITHEE L VBRI X M2 T1F5 2 &2
WRETHDZLERLT SROFHESARFIHEIIES 5720, THESARDINA T ITANOFIH &
HALEOKHENOHEFIH &2, W7 ¥ 7 &BISEA L 72356 QKRB0 B FARHIR R 2 5 I in=
B AT AR RN D CTHEE M L 720
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