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ABSTRACT

The objectives of this research are to analyze financial cost-benefit of joint
investment of biogas system for electricity generation and to study factors influencing joint
investment of small and medium swine farm. The questionnaires were used as tool to collect
data from 39 farm owners in the study area while financial feasibility of project was done
according to the principle of cost-benefit analysis. The results indicated that net present value
(NPV) was 16,648,780.82 baht. Benefit — cost ratio (BCR) was 1.47 times and internal rate of
return (IRR) was 12.46%. Therefore, the project was worth for investment, the risk of project
was low level and the project pay back period was within 5 years 6 months.

The benefits from biogas production system are revenue from electricity and
fertilizer. The project shall also reduce wastewater discharging to canal that connects to
Tha Chin River of which water quality are degraded. Concerning the factors, it was found
that only age, experience, number of swine and number of labors statistically influence

joint investment of biogas systems for electricity generation.
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CHAPTER |
INTRODUCTION

1.1 Background Justification

In the present, Thailand faces a problem of water pollution. The major
source of pollutions includes domestic, industrial and agricultural wastewater
discharges, especially agricultural point source like swine farm, which cause high
quantity of manure, contaminated in wastewater. Swine farming needs approximately
10-20 liter/swine/day. Wastewater from the swine farm which collecing dung before
washing a stall will have biochemical oxygen demand (BOD) 1,500-3,000 mg/l but if
does not collect dung before washing a stall; BOD will be high as 7,000 mg/l (1).
Therefore, if discharging wastewater directly to water channel without treatment, it
will cause a lot of damages, especially the small channel like ditch and canal. The
utilization of water channel change when water qualities are decreased. Furthermore,
the impact of poor water quality may be so serious that affects economy thru decrease
in public health.

Pollution Control Department by virtue of section 55 and 67 of The
Enhancement and Conservation of the National Environmental Quality Act B.C. 1992
mandate notification of Ministry of Natural Resources and Environment Specifies
effluent Standard for swine farms (Large, Medium and Small farm). These effluent
standards become effective since February 2002 (2). As notification of Ministry of
Natural Resources and Environment, the medium and small swine farms have to
provide the wastewater treatment system and have to treat the wastewater to effluent
standard before discharges outside farm. While the small farm which are majority and
usually located near water souces, are not required to have wastewater treatment
system. Hence, if the small farms have good wastewater management, it will
significantly reduce impact on water souce.

Furthermore, in B.C. 2004-2005, The Pollution Control Department

monitored effluent quality from swine farm in the Thachin River Basin (Chainat,
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Suphanburi, Nakhonpathom and Samutsakhon Provinces). There were 93 water
samples from 103 swine farms (89 percent) of which effluent do not match the effluent
standard and most are medium swine farm (3). Most of swine farm have problem
about system capability, operating and maintainance wastewater treatment. As a result,
effluent that pass treatment system do not match standard or discharge wastewater to
water resource without treatment.

Biogas system is a suitable waste treatment for solving problem about
wastewater and odor from swine farm and also provides benefit to farm like generating
electricity or alternative energy from biogas etc. (4). Although production of biogas from
pig manure is popular it is produced in large swine farm mainly while the medium and
small swine farms have some limitations for biogas production. The construction of
biogas of wastewater treatment requires high investment and quite large areas.
The Republic of Ireland has experienced various benefit from the biogas production
from manure digestion with waste community to use as a transportation fuel,
electricity and heat effectively (5).

From the mentioned problem and limitation. Swine farmers who cannot
construct biogas system by themselves can group together to construct the biogas
system to solve environmental problem in their area. The group can also establish
Very Small Power Producer (VSPP) to produce renewable energy and sell it to
Metropolitan Electricity Authority (MEA) and Provincial Electricity Authority (PEA)
to reduce electricity production from fossil fuel (6). The objective of purchasing
electricity from VSPP is to promote the use of domestic resource more efficiently and
reduce electricity from commercial power. Which minimize imported fuel from
aboard, reduce environment impact and help lighten the burden of government in
manufacture and sell electricity the first of 6 month period in 2007 is 73,070 Gwh
level. These produce from fossil fuel such as are Natural gas, Fuel oils and Lignite
more than 90 percent. Thus electricity produced from renewable energy such as water
energy, solar energy or biomass energy has less than 10 percent (7). In India, there
have been small diogas systems for electricity generation in small families in rural

areas which replaced inefficient kesorene lamps (8).
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Importand Other
5%

Lignite
21%

Fuel oils
2%,

Natural gas
66%

Figure 1-1: The electricity generated in 2007, separated by fuel type
Source: Energy Policy and Planning Office, 2007

From the problem mentioned above, the researcher is interested in analysis
the financial worth of joint investment for construction of biogas systems in swine
farms to produce electricity: a case study of Thawa canal, Thasadet Sub-district
Municipality, Maung District, Suphanburi Province. The Thawa canal is a branch of
canal of the Thachin River and this canal had water quality degradation from swine
farms (1). Most swine farms are located along canal and drianed wastewater directly to
the canal. When many swine farms drian wastewater into the same water source, that
water source can no longer play a role of water receptor without water quality degraded.

This research use cost-benefit analysis principle which is taking into account
project cost and benefit arising from the project and try to advise the decision upon
project. In essence, worthwhile project should not have high cost, have minimal
environmental impact and generate large benefit to society. It is expected that farmer can
apply the finding to determine a way to resolve problem by their own. In addition, the
government agencies particularly the local government concerned can applied the
research in conjunction with other measures to resolve wastewater problem from swine

farm in the responsible area.
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1.2 Objectives of Research

1.2.1 To analyse the financial cost-benefit of joint investment of medium
and small swine farm in construction of biogas systems for electricity generation.

1.2.2 To study the factor affecting medium and small swine farm in

construction of biogas system for electricity generation.

1.3 Conceptual of Research

This research will analyzed the financial cost-benefit of joint investment of
medium and small farm in construction of biogas systems for electricity generation.
By using the cost-benefit analysis principle to assess cost-benefit in terms of money, a
decision whether there should be joint construct in biogas systems for electricity
generation in the study area or not can be made. The sensitivity analysis would also be
carried out.

In addition, this research will study the factors which affect cooperation of
swine farms in construction of biogas system for electricity generation as follows;

1.3.1 Personal factor; age, level of education, income, swine farm experience
and information access.

1.3.2 Group factor; intention/ shared benefit, shared problems.

1.3.3 Farm management factor; expenses in farming, therapy technology
and waste management.

1.3.4 Attitude factor/Opinion factor; attitude toward water pollution from
swine farm, swine farm clustering for making biogas system.

From a cost-benefit analysis and the factor which affect cooperation of
swine farms in construction of biogas system for electricity generation, they should
suggest whether the joint investment for construction biogas system for electricity
generation in the study area is plausible, It then, would lesd to the application of study
in conjuction with other measures to resolve wastewater problems from swine farm in
the study area and can be used as guideline for environment management framework

Iproject of the local government. (Figure 1-2)



Fac. of Grad Studies, Mahidol Univ.

M.Sc. (Technology of Environmental Management) / 5

Farm management factor

Group factor

Personal factor

y
Attitude /
Opinion factor

v v

Medium & Small ™ Data in study area
swine farm - economics, society
condition
¢ - waste and wastewater
Water pollution managgment .
- The opinion to invest

\ 4

Clustering Biogas system for
electricity generation

<4+— Classify cosf-benefit

\ 4 A 4

Cost Benefit

A 4

Comparison cost-benefit

cooperation in
construction of biogas

\4

Result of project
Analysis

Applying with
other measures

Method to solve
wastewater

Budget required

Figure 1-2: Conceptual Framework Diagram
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1.4 Scope of Research

This research analyzes the financial cost-benefit analysis of joint investment
of biogas systems for electricity generation by use the cost-benefit analysis principle.
The life of biogas system is 15 years. The research also studies factors affecting joint
invesment of medium and small swine farm for electricity generation in Thasadet
Sub-district Municipality, Maung District, Suphanburi Province. The factors used in the
study are as follows;

1.4.1 Personal factor; age, level of education, income, swine farm experience
and information access.

1.4.2 Group factor; intention/ shared benefit, shared problems.

1.4.3 Farm management factor; expenses in farming, therapy technology
and waste management.

1.4.4 Attitude factor/Opinion factor; attitude toward water pollution from

swine farm, swine farm clustering for making biogas system.

1.5 Hypothesis of Research
The joint biogas project of medium and small swine farms is worth

investing financially.

1.6 Expected Result

1.6.1 Know the cost-benefit analysis result of electricity generation from
joint investment of biogas system for medium and small swine farm.

1.6.2 Know the factor affecting joint investment of medium and small

swine farm in the construction of biogas system for electricity generation.
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1.7 Expected Benefit

1.7.1 The swine farmers who cannot build their own wastewater treatment
system can apply the study results of make a decision to resolve wastewater from their
establishment.

1.7.2 Government agencies, particularly the local government agencies
concerned, can use the research result in conjunction with other measures to resolve
wastewater from swine farms in the responsible area.

1.7.3 The local government agencies concerned can apply the research
result as guideline to make the environment management framework/project request
budget.

1.8 Definitions

1.8.1 Biogas system means a treatment system of waste and produce
biogas as MC-UASB type by adding organic matter or manure or water contaminated
with manure of ferment in anaerobic condition causes gas that has fuel property (9).

1.8.2 Medium swine farm means swine farm that have Livestock Unit
weighing 60 — 600 LU. (Equal amount fattened are 500 - 5,000 head) (2)

1.8.3 Small swine farm is mean swine farm at have Livestock Unit is 60 —
<600 LU. (equal amount fattened are 500 - <5,000 head) (2)

1.8.4 Waste means pig dung, which is the rest of food is indigestible or
digestable but can’t absorbed to benefit mostly. Next is urine and the food scarps on
stall ground (9).

1.8.5 Wastwater means waste in liquid state that has bio-physical
conditions and chemistry components inappropriate or is the pollution perspective and

cause damage on the environment (9).
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CHAPTER II
LITERATURE REVIEWS

A financial cost-benefit analysis of joint investment of biogas systems
for electricity generation: a case study of small and medium scale swine farm Thasadet
Sub-district Municipality, Maung District, Suphanburi Province. The study reviewed
literature and relevant research follows;

2.1 Economic Theory Concept

2.2 Swine Farm Waste and Wastewater Management

2.3 Biogas and Biogas Production Process

2.4 Wastewater Treatment and Biogas Production

2.5 Benefits of Biogas

2.6 Concept of Community/Organization

2.7 Study Area in General

2.8 Pilot Project: Using Technology on integrated biogas systems for
waste and wastewater treatment from a swine farm

2.9 Research Related Documents

2.1 Economic Theory Concept

2.1.1 The study on return on investment of the project can include many
concepts (10) as follows;
2.1.1.1 Cost - Benefit Analysis: CBA is the comparison
analysis of costs and benefits in terms of financial unit to compare benefits and costs.
2.1.1.2 Cost Effectiveness Analysis: CEA is an analysis in
case of multiple options to share the same goal. Different is the achievement efficiency.
Therefore analysis of cost alone is not sufficient, need to bring the performance of

each alternative to determine the comparative costs.
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2.1.1.3 Cost Minimization Analysis: CMA is the analysis to
compare between various alternatives achieved the same goal. The analysis is aimed to
compare any will be the lowest cost.

2.1.1.4 Cost Utility Analysis: CUA is the same concept to
CBA except that the comparison unit of the value of benefits is not in financial term

but in unit of overall utilization or satisfaction.

2.1.2 Project Analysis
Analysis of the project will focus on the financial return on the overall
economy to achieve efficiency in limited resource allocation. The result will be in the
form of financial return to be higher, equal to or less than the costs. Criteria compared
to the value of these projects are divided into 2 types.
1) Criteria type 1
Criteria for investment decisions do not have to adjust the
time. It is a traditional decision-making criteria and applicable to short term project
approximately 1 year, not too high financial investment and need only brief review.
2) Criteria type 2
Criteria for investment decisions with adjusting of time.
In general, most projects that longer than 1 year are difficult to compare direct benefits
and incurred costs in the differences of time period. Therefore benefits and costs need
to be adjusted for future value by compounding calculation and discounting to identify
return on investment. Appropriate discounting rate in project analysis including lost
opportunity costs of capital if there is other projects that higher return on investment.
Disadvantage of criteria in decision-making with adjusting of time is time consume
because appropriate discounting rate need to be concerned in calculation. The advantage
is that the project cover long period of time, benefits and costs occurred at different
time can be comparable. The analysis of return on investment is, therefore actual.
Criteria in decision-making with adjusting of time widely commonly used
are 3 types including Net Present Value: NPV, Benefit — Cost Ratio: BCR and Internal

Rate of Return: IRR. Each decision criteria is calculated as follows;
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2.1.2.1 Net Present Value: NPV is the net benefits received

throughout the duration of the project which has adjusting of time. NPV can be

negative, positive or zero depending on the amount of present value benefit (PVB)
deduct by present value cost (PVC) of that project.
NPV =PVB - PVC

n
NPV= S b

=0 (1+r)'
Acceptable level of the decision-making criteria is NPV higher than

zero indicate that net benefit is positive, the project is cost-effective investment.
2.1.2.2 Benefit — Cost Ratio: BCR is the value of present

value benefit divided by present value cost throughout the duration of the project period.

BCR=PVB /PVC

n
BCR= y B,/ (1+1)

=0 C,/ (1+r)'

Acceptable level of the decision-making criteria is BCR higher than 1
indicate that the project is cost-effective investment. Disadvantages for this type of
decision criteria is when apply to large project, high return while the costs is also high.
Therefore, BCR higher than 1 but overall revenue may be less than other small
projects. In this case, alternative criteria should be considered in order to avoiding errors.

2.1.2.3 Internal Rate of Return: IRR is the return on

investment throughout the project period in percentage or discounting rate that net

present value becomes zero or a rate that return and cost discount to equal present

value. This rate is the rate of investment capabilities to create revenue to cover the
investments cost.

1) Financial Internal Rate of Return: FIRR is applied

for financial analysis of the project to compare with opportunity lost of capital or

interest rates of loans. FIRR higher than rate of interest loans indicate the project is

cost-effective investment in financial term.
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2) Economic Internal Rate of Return: EIRR is applied
for economic analysis of the project to compare lost opportunity cost of resources used
in the project or the real interest rates of society. EIRR higher than standard, 9% per year
indicate the project is cost-effective investment. (11)

IRR formula

n
>, B-C =0

t=0 (1+IRR)'

Lost opportunity cost of capital or specific interest rate, ris set to IRR

n = Total period of the project (year)

t = Year of the project t=1,2,...,n

Bt = Benefit of the project in the t

Ci = Cost of the project in the t

r = Discounting rate = The average rate of return or minimum

PVB = present value benefit
PVC = present value cost
The analysis of the project in view of project owner or entrepreneur will
focus on net return, mentioned criteria, NPV, IRR or BCR will apply to cash flow after
tax deduction but different from Department of Alternative Energy Development and
Efficiency, Bureau of Energy Regulation and Conservation which is the government
unit that will consider overall economic return from energy conservation in macro
view not only a return to private sector. Department of Alternative Energy Development
and Efficiency is therefore considered applying criteria of Economic Internal Rate of
Return (EIRR). Project investment which EIRR higher than standard of 9% per year
will be supported to occur. At the same time, Financial Internal Rate of Return (FIRR)
will also apply. Project investment which FIRR higher than MRR+2 indicate the
project is self-sufficient financial return. The project owners can invest. (11)
Factors should be taking into account in calculating FIRR and EIRR (11)
1) Energy saving will be measured by technical data with
reference to evidence and concerned margin of errors that may occur.
2) Price of energy saving equipment and material should come

from most reliable source and reflect reality.
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3) Calculation on period of the project will refer to service life
of equipment, machinery and material used in the project therefore selection of brand
and suppliers are concerned.

4) Fluctuations in exchange rates affect significantly to the
cost of equipment and supplies that are required to import. Fluctuations in exchange
rates required to monitor price track closely, it is also affect changing of inflation and
energy price.

5) Rates adjusted numbers of energy costs savings and other
variable costs and investment must reflect the expectations of economic conditions
that is changing. Rates are adjusted according to changing economic circumstances.

6) Inflation rate will not use in EIRR calculation because
EIRR is measuring return on investment in the project using the actual value (or
constant value at the year). Therefore no adjustment cost figures or the rate of energy

to inflation.

2.1.3 Sensitivity Analysis of the Project
Analysis of the project using decision criteria, adjusting the time such as
NPV BCR and IRR, variables used to measure the value of benefits and costs of the
project are set to the exact value that will occur in the future. In fact, expectations to
the future must consider the uncertainties that may arise. And may have the opportunity
to analyze errors if variables of the project defined in advance. Therefore, the analysis
must be repeated to view what will happen if the defined conditions has changed.
There are many factors that will make risk to the project. Interesting factors are;
2.1.3.1 Output of the project, which is the source of the
benefits of the project, might be expected in high volumes. In this case should be
considered that if the output of the project changes from expectations how it will affect
the value of output.
2.1.3.2 Cost of the project, may be changed and will increase
the cost of the project.
2.1.3.3 Price, as the price used to evaluate the cost of the
project is a constant price factor. It may cause false estimates. In fact, prices of factors

of production-based that estimated would not be constant over a project period.
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2.1.3.4 The delay in project may cause cost to the project,
such as the project is not complete as scheduled may be fined according to delay period.

2.1.3.5 Technique in sensitivity analysis of the project is not
complex, using above values of the factors affecting the project and change differ from
the average value of the analysis. For example, cases that productivity decreased or
costs increased or two cases occur simultaneously because all risks have potential to
occur. Sensitivity analysis is important to investment decisions if encounter risks and
uncertainties. Analysis is to test that at what level of cost increase or benefits decrease
the project is not worth investment by using switching value which can be identified in
2 cases.

1) A case to identify how much cost increase in % that

NPV =0and BCR=1

SVT¢ = NPV x 100

PV of cost
SVT¢ = Switching Value Test in cost
NPV = Net present value of the project

PV of cost = Net Present value of cost

2) A case to identify how much benefits increase in %
that NPV =0and BCR =1

SVTg = NPV x 100
PV of benefit
SVTg = Switching Value Test in benefit

NPV = Net present value of the project
PV of benefit = Net present value of benefit

If SVTc or SVTg calculated high indicate low risk to the project
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2.1.4 Classification of Costs and Benefits
2.1.4.1 Costs: often considered resources used to produce
goods and services targeted to specific projects. But the economic cost would mean
costs of the used of social resources. The costs will be divided as
1) Direct Costs and Indirect Costs
1.1) Direct Costs is the costs incurred directly to
the projects or to the projects to be continued. This type of cost is the cost or resources
required in each year from the beginning to the end. Calculating this type of costs requires
cooperation from all parties involved in providing information. The direct costs include

(1) Investment Costs: this type of cost
incurred to prosecute the project such as land costs, construction costs, office supply
costs, and machinery and equipment costs road construction costs. These costs will be
expensed in the early phase of the project. Designated projects will have the costs of this
type ever.

(2) Operating Cost: this type of costs
incurred during the period of project operation such as costs of raw materials in
production, costs of salary and wage, traveling costs, consulting costs, utility costs,
public relation costs and training costs for employees.

(3) Maintenance Cost: this type of costs is
the costs for maintaining machines and equipment, buildings or relative devices which
have long life-time and that require to maintain in good condition.

(4) Research and Development Cost: this
type of costs is for basic research and incurred during the founding of project. This
cost is considered a sunk cost which mean resources used in any activity in the past
and does not affect any decision on the project. These resources cannot be brought
back to use again. If the research is not encouraging this expense will lost. In terms of
economic, this type of costs will not be included in the analysis.

1.2) Indirect Cost: this type of cost incurred due
to the project implementation or the results of consequence impact beyond the project
stage. Typically this cost not intends to happen. In reviewing the costs, should include

this indirect costs to the direct costs. Example such as the dam project could result in
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sedimentation of the soil increased, the cost of dredging the river also increase. The
indirect costs of these projects are the cost of dredging rivers.
2) Tangible Costs and Intangible Costs

2.1) Tangible Costs: this type of cost is a measure
of the cost in money, less complex and quite clear. Direct and indirect costs mentioned
above can be measured in this term.

2.2) Intangible Costs: cost of this type can not be
measured out clearly in money, but has economic value. The cost is mostly about
sickness, the lack of education, the deterioration of natural resources and environment.
However, when the costs that cannot be measured in money occur, mean that actual
value of the costs incurred by the project can not identify exactly, the assessment of
the project cost is difficult and will also be debatable in assessment method because of
the error value will affect the decision on the project.

In addition the cost of this type may be value in measuring the cost of
money paid to avoid the cost that could not be measured, for example the costs to
avoid pollution caused by chemicals used in agriculture may represent the cost of
pollution that can not be measured in money.

3) On-site Costs and off —site Costs

3.1) On-site Costs: considering this type of cost
is the same concept as determined accrued benefits in the project site. The scope of
project site need to clearly define. Therefore, costs incurred in that area called on-site
costs and can be both direct and indirect costs and intangible costs.

3.2) Off-site Cost: is the costs incurred out of the
project area.

4) Financial Costs and Economic Costs

4.1) Financial Costs: is the total tangible costs
incurred related to the application of resources or other factors of production for
defining and executing projects.

4.2) Economic Cost: is the actual cost include both
tangible and intangible costs incurred to the society by bringing resources or factors of

production used in projects defining or executing. The economic cost will be used in
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the analysis to determine the measures/standards of government and state enterprises
in principal.

However, few factors are not included in the economic analysis but will be
included in the financial analysis, those are:

(1) Depreciation: in economics, once pay for investment on
permanent property is a costs so calculating depreciation costs as an investment costs
is a double counting in economics concept. Depreciation is only a method of accounting.

(2) Tax Payment: is not considered a true cost of investment in
economics concept, but rather a category of transfer payments.

(3) Interest Payment: In economics, interest payment is not
considered a cost because It is considered a true lost opportunity cost with adjusting of
time by using discount rate.

(4) Debt Service: is a financial transfer, does not reflect the
actual use of resources, so it is not considered as economic costs.

(5) Sunk Cost is the cost in the past and does not affect the
decision on the project. Therefore sunk cost is not considered a cost in economics term.

2.1.4.2 Benefits: divided to

1) Direct Benefits and Indirect Benefits
1.1) Direct Benefits: is the return generated by the
project and consistent with the goals of the project, such as electricity produced from
building dams, productivity increased by building irrigation canals. In general, direct
benefits of the project incurred in many forms, such as increasing of physical
productivity, increasing in production value, improvement of production quality or
reduction of production costs which could summary as follows:

1.1.1) Increasing of Productivity: water
control systems will help farmers increase yields or pipeline expansion project will
increase volume of oil throughput.

1.1.2) Production Quality  Improvement:
improving the quality of the products by apply point-source pollution control
standards will make products price higher, such as controlling wastewater effluent
standard from swine farms will contribute better quality of swine production and will

high up swine prices.
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1.1.3) Products Changing: changing by-
products from the project cause products changing, such as the case of plastic waste
from waste segregation project could be modify as a carpet or a plant pot to increase
value of the plastic waste.

1.1.4) Production Costs Reduction: benefits
of costs reduction in the production is a costs saving. For example, the standards set
out for tax package will result in costs savings in production because manufacturers
will design recyclable products that can be reused, that will also result in reducing of
waste and production costs.

1.1.5) Transportation  Costs  Reduction:
Transportation is another type of project costs therefore reducing transportation costs
is a benefit, for example measures on chemical transportation regulate transportation
route to the road around the city to prevent any dangers of chemicals will result in
saving time and gasoline from facing traffic problem. That savings is a benefit.

1.1.6) Loss Reduction: Sometimes the
benefits of the project incurred by reducing losses, such as measures set out to create
hazardous materials transportation system will help reduce accidents caused by
transport hazardous materials on property life and environment.

1.1.7) Changing of time and Place: Some
projects result in benefits due to the production or storage of goods and marketing out
at a later time when the price is higher. For example, the project to construct a
warehouse of agricultural products to keep products as inventory in low price season
and marketing out when the price is high. Another example on place is the project to
export fruits to oversea markets that should invest on trucks to transport fruits from the
farm area which is low price market to be shipped out oversea markets which the price
is higher. Changing locational value is the benefits.

1.2) Indirect Benefits: is the indirect benefit
arising from the project or the results of the impact in subsequent steps. The indirect
benefits may be divided into the following types.

1.2.1) Indirect Benefits arised from forward-
linked benefit and backward-linked benefit. This type of indirect benefits occurs when

there is a project and result in value-added of goods and other services both in terms of
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further used in the production or increase in the production of such raw materials. For
example, irrigation projects have resulted in increased rice production and will create
income or profits to other related business operators such as carriers, snacks factory
that using rice as raw material. This relationship is forward-linked benefit. The
increased rice production will result in the use of more factors in production such as
rice strains, labor which will create income or profits for those involved. These
impacts considered indirect benefits in the type of backward-linked benefits.

1.2.2 Indirect  Benefits arised  from
externalities. Benefits of this type arise due to the project occurred and cause
beneficiary side effects, for example port construction projects resulting into construct
a road through the construction area, this will caused set homes and career along the
cut through road. (Note: the word external impact, are used in many words in english,
such as externality, spillover effect, neighborhood effect or side effect)

1.2.3) Indirect  Benefits arised  from
multiplier effect. Benefit of this type arise due to the project occurred and cause
consequence impact. For example, the project to build a dam will create more
employment. It also helps workers have more purchasing power to shop or buy
services. And will affect related businesses such as various consumer goods. These
consequences create multiplier effect.

In addition, considering arised benefits must include both direct and
indirect benefits incurred.
2) Tangible Benefit and Intangible Benefit

2.1) Tangible Benefit: this type of benefits is a
measure of the benefits in money, less complex and quite clear. Direct and indirect
benefits mentioned above can be measured in this term.

2.2) Intangible Benefit: benefits of this type can
not be measured out clearly in money, but has economic value. Most is about health,
education, employment and natural resources & environmental such as reducing
mortality rates, good nutrition, reducing diseases associated with the gastrointestinal
system due to improved water quality. However, when the benefits that cannot be
measured in money occur, mean that actual value of the benefits incurred from

defining the standard can not identify exactly. The assessment of the benefits is
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difficult and will also be debatable in assessment method. The error value will affect
the decision on defining the standard.

In addition, measuring the benefits of this type may be in terms of the
costs of the best options caused the same benefits, such as measuring the benefits of
electricity generation for residential homes from the dam project that has several
objectives which may consider the cost of electricity produced by diesel power plant
instead of hydro power plant from dam project.

3) On-site Benefits and Off-site Benefits

3.1) On-site Benefits: This type of benefits is a
benefit occurred within the scope of operating project. It can be direct or indirect
benefits, tangible or intangible benefits as mentioned above. Therefore, consider the
benefits of this type must define the scope of the project site clearly.

3.2) Off-site Benefit: This type of benefits is a
benefit occurred outside the scope of operating project. It can be direct or indirect
benefits, tangible or intangible benefits as mentioned above.

4) Financial Benefits and Economic Benefits

4.1) Financial Benefits: is a total benefits that is
tangible which occurred from bringing resources or other producing factors arising
from the project to implementation and operation. Financial benefits often used in the
analysis of private and state enterprise project in principal to measure the ability to
create revenue to the project.

4.2) Economic Benefits: is the total return both
tangible and intangible that caused to society in bringing resources or factors of
production used in the project. Economic benefits measure the actual performance of
resources to determine how the project is beneficial to society as a whole or how the
projects lead positive results for society. For example, reducing damage to society
from suspension of shrimp aquaculture in freshwater area, reducing damage to society
from solving lead contamination problem.

However, certain reports are not included in economic analysis but are

included in financial analysis, such as
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(1) Subsidy: is not included in economic analysis because it
does not represent actual returns from the resources in determining the standards but
only the flow of money.

(2) Loan Receipt:is not included in economic analysis because

it is transferable between owners and the users. This is not the actual production cost factors.

2.2 Swine Farm Waste and Wastewater Management

2.2.1 Wastewater

Wastewater characteristic and volume of each farm will be different
depend on cleaning process, water usage, frequency rate of pen cleaning including
manure handling procedure. If manure has been segregate before water cleaning
process, the concentration of wastewater will be decreased. Moreover, swine heredity
is another concern; generally, farmers will focus on swine breeding sanitation more
than fattening so the wastewater from swine breeding will be higher volume but lower

concentration.

Table 2-1 VVolume and characteristics of swine farm wastewater; identify by size of farm

Wastewater
o Farm size Minimum | Maximum Average
characteristics
Large 1,255 9,000 3,000
BOD i
o ) Medium 460 7,650 2,500
(milligram/liter)
Small 230 19,280 1,500
Large 2,152 18,388 7,000
CoD
. ) Medium 2,578 31,096 6,800
(milligram/liter)
Small 778 40,000 4,000
Large 1,304 9,530 4,800
SS (milligram/liter) Medium 149 14,500 3,000
Small 82 1,887 2,000
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Table 2-1 Volume and characteristics of swine farm wastewater; identify by size of farm

(cont.)
Wastewater ) o )
o Farm size Minimum Maximum Average
characteristics
Large 367 981 540
TKN
o ) Medium 235 3,371 540
(milligram/liter)
Small 261 24,480 400
Large 10
Wastewater rate
) ) Medium 15
(Litre/swine/day)
Small 20

Source: Pollution Control Department, 2005: 3

2.2.2 Waste

Generally, waste from swine pen will composed of manure, the residue of
nondigestive or nonabsorbed nutrient which is the cause of odor problem especially in
poor farm management where manure is pile up on the swine pen floor, underneath or
at the manure drying bed. Therefore, manure collection process before water cleaning

should be concerned in the issue of moisture and fly breeding source.



Supattra Um-Kerd Literature Reviews / 22

e
e—
GEEE B

v v v

== (= (==
v
e
R —

Figure 2-1 Swine farm manure and wastewater management process

Source: Pollution Control Department, 2008

Table 2-2 Amount of swine farm in Thasadet Sub-district Municipality, Maung District,
Suphanburi Province.

Medium size (Farm) Small size (Farm)

32 16

Source: Suphanburi Provincial Livestock Office, 2008
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2.3 Biogas and Biogas Production Process

Biogas is the natural gas that produced from organic fermentation; animal
manure in this case, by bacteria in an anaerobic condition. Biogas composed of
various kind of gas depends on types of bacteria. Generally, the composition are
methane gas (CH,) 50-70%, Carbondioxide gas (CO,) 30-50%, the rest will be
Hydrogensulfide gas (H,S), Nitrogen gas (N2) and vapour.

Animalmanure _______, Organicacid — 5  Acetic acid

Fermentation by Fermenthtion by
bagteria bacferia _
Fermentation by
bafteria
Group 1 Group 2
Prychrophillic Mesophillic
Group 3
Thermophillic
Biogas

Figure 2-2 Flow diagram of biogas production

Source: Pollution Control Department, 1995

Bacteria in three groups must be in balance, if there are too much nutrient
(animal manure) bacteria in group 1 and group 2 will produce too much acid which
will inhibit bacteria in group 3 (No gas production). In the other way, if there are too
little nutrient bacteria will grow in slow rate (less gas production). Bacteria in three
groups will work in harmony with moderate mixing; too much mixing will inhibit

fermentation which caused less gas production.
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2.4 Wastewater Treatment and Biogas Production

Digestive tank for biogas production in Thailand has various system and
application, such as H-UASB, MC-UASB, Covered Lagoon, Fixed Dome, Floating
Dome, Anaerobic Pond and Anaerobic Filter. This research work will study on
wastewater treatment and biogas production by MC-UASB (Medium Farm Channel
Digester Up-Flow Anaerobic Sludge Blanket) which is the integrated wastewater
system of pilot project in collaboration between Pollution Control Department and
Biogas Technology Center, Chiangmai University.

MC-UASB wastewater treatment and biogas production system is the
combined system of slow rate digestive tank and high rate digestive tank which has
been designed for various type of bacteria and each bacteria will ferment in different
process result to high efficiency in each digestive tank. This combination process of
slow rate digestive tank and high rate digester tank sometime call Hybrid of Flow and

High Rate Digesters which has key components of the system as follows: (9)

2.4.1 Collection Tank, CT

Design to collect wastewater to ensure the continuity of inlet wastewater to
the system and to ensure that the mixing of wastewater and bacteria or return sludge
for digestion process will be in consistent condition effect in generating fix amount of
biogas with higher concentration rate of methane gas. Submersible pump in the collection
tank will pump wastewater to the sand trap tank and then follow to channel digester.
The pumping system control by floating level control or electrode. When wastewater
flows through the sand trap tank, those sand and solid particles (Inert Materials) that
suspended in the wastewater and can not be digested in the channel digester will

slowly precipitated.

2.4.2 Sand Trapped Tank

The function of sand trapped tank is to separate gravel and sand sediments
that may contaminate the food from ingredients components of cassava or rice bran
extract, etc. Separating grit and sand from wastewater will extend channel digester

life-time.
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2.4.3 Channel Digester: CD

The function of channel digester is to ferment organic substance in the
wastewater to change form of organic substances to the form of organic acid and into
biogas. Biogas composition will be 65-70% concentrated methane, 30-35% carbondioxide
gas and others as a result of anaerobic bacteria in the anaerobic condition. The
degradation of organic substance from digestion process will reduce 70-80% of
chemical oxygen demand (COD). Operating of channel digester system will have to
return complete digestion sludge approximately 1% per day of capacity of digester
channel (in the range of 40-60 sludge days). Return complete digestion sludge will be
divided in two parts, one is sent to sludge drying bed, the other is sent to collection
tank to add up the amount of bacteria and to support mixing function which will
activate digestion process. The upper roof of channel digester will cover by PVC or
HDPE plastic sheet which will collect biogas to be used. Inside the channel digester
will install biogas collecting pipe to transport biogas for following use. Both in the
form of thermal energy or renewable fuels to generate electricity.

In addition, channel digestive has the other function to precipitate sludge
and separate heavy sludge to the bottom of channel digester. Fermented digestive
sludge that collected at the bottom will be discharged to sludge drying bed or solid
filter bed regularly to control sludge level in the digester to ensure that the operating
condition reach the highest efficiency all the time. This special sludge discharge
function is designed to reduce sludge volume and to prevent accumulative of sludge in
the channel digestive. Clear wastewater will overflow from digester to Up-flow
Anaerobic Sludge Blanket (UASB), high speed digester which will ferment 20-30% of
residual organic substance from channel digester, result in organic substance decrease

and water quality increase.

2.4.4 Up-flow Anaerobic Sludge Blanket : UASB Digestive Tank

Clear wastewater treated from channel digester will flow to UASB
Digestive Tank to continue treated in anaerobic fermentation condition which would
reduce organic substance resulting in decreasing COD. The combination efficiency of
channel digestive system and UASB Digestive Tank will exceed 90%. However,

channel digester tank and UASB Digestive Tank have different process and different
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type of bacteria. Water flow in channel digester tank is horizontal while UASB
Digestive Tank is Vertical Up Flow. Accumulative bacteria at the bottom will be
condensed and sediment called granule. Treated wastewater from UASB Digestive
Tank will be pumped to the next treatment process, if the surrounded area are farm
cultivated as corn farm, sugarcane farm, cassava farm, vegetable farm, convert grass
husbandry etc., treated wastewater can be used as liquid fertilizer to replace and
reduce the use of chemical fertilizers. Therefore, post treatment process is not

necessary or only small post treatment process is needed.

2.4.5 Sand Drying Bed
Its function is to filtrate and to dry granule or fermented sludge from
channel digester tank. Dry granule will be collected and packed in bags for sales as

organic fertilizer. Filtered water will be return to the post treatment system.

2.4.6 Post Wastewater Treatment System
Wastewater from primary treatment of channel digester tank and UASB
Digestive Tank will be continued to post treatment. Selection of appropriate post
wastewater treatment system will depend on the availability of farm and the purpose to
use treated water such as available water pond area, demand used in planting grass
husbandry, demand used of recycled water or to drain to the public canal which must
follow water discharge standard. Post wastewater treatment for swine farm effluent
has been designed with concern of natural pond treatment or mixed natural pond
treatment that need lowest energy to operate and appropriate to local Thai farmers.
Natural post wastewater treatment composed of Anaerobic Pond, Facultative Pond,
Constructed Wetland and Polishing Pond. Wastewater pass through mixed natural
treatment pond designed correctly from the engineer will be effective in the treatment
and meet effluent water standard. Post wastewater treatment system consists of several
steps as follow;
2.4.6.1 Anaerobic Pondis the anaerobic treatment that
ferments residual organic substance from biogas producing system before discharge to

continuing process in the facultative pond.
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2.4.6.2 Facultative Pond is processing in semi-anaerobic
condition. Its function is to reduce organic substance and minimize nitrogen residual
to ensure that effluent water quality will be in harmony to the ecological system.

2.4.6.3 Constructed Wetland is the semi-anaerobic treatment
pond. Its function is to reduce nitrogen matter and total suspended solid result from
facultative pond by using plant absorbing process and denitrification process to
precipitating suspended solid.

2.4.6.4 Polishing Pond is to conditioning treated water before
recycling or discharge to the environment. Moreover, polishing pond is to collect
treated wastewater for recycling to clean the animal pen especially in dry season. It
can also be a fish pond to test the quality of treated water. In rainy season, excess
water will overflow outside in considering no negative impact to the environment.
Recycling treated water for reuse as cleaning water in the farm will reduce
underground water use and reduce the costs of the farm by another way.

Besides mentioned functioning system, wastewater piping system also
need to be constructed. Those included wastewater chute, wastewater piping which
will deliver wastewater from each farm to the biogas producing system. Grid chamber
is needed to trap debris such as plastic bags, ropes, wood, etc. from inlet wastewater to

prevent any problem to the function of biogas production system.

2.4.7 Functioning of Biogas Wastewater Treatment System

Wastewater and waste from swine farms will be collected into the waste
water collection tank, which is lower than the level of wastewater collection pipes to
function as water storage and balancing water before pumping to sand trap tank to trap
debris and grit from wastewater to ensure continuity and maximum flow to the
channel digester tank. Channel digester tank is made of reinforced concrete structures,
a variety of sizes depending on the number of swine or volume of wastewater.
Channel digester tank has key function to digest organic substance in anaerobic
digestion process same function as UASB which will receive clear wastewater from
channel digester tank to reprocessing digestion. Anaerobic digestion process will
generate biogas for renewable energy. Biogas contains highest 65-70% methane gas,

research data show that biogas producing rate is 100-250 liter/swine/day (considering
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swine feed at 60-70 kgs.) However, the volume of biogas producing is not constant
depend on factors in swine breeding such as age, size, feeding, temperature, collecting
channel, manure volume, concentration of wastewater and system maintenance.

After organic substance has been digested in channel digester and UASB
tank, 80-90% of processed wastewater will be continuing to post wastewater treatment
which composed of anaerobic pond, facultative pond, constructed wetland and
polishing pond. Effluent wastewater can be used for agriculture and farming. Return
sludge from digester will be pumped to the sand drying bed, and to be packed for sales
as organic fertilizer after 3-4 days.

Size of the system range from 250-1,000 cubic meter which could be
adjusted to optimize the farm size considering in Livestock Unit (LU), 1 LU equal 500 Kgs

of live swine. Optimize biogas system (Cubic meter) to LU farm size shown in table 2.3

Table 2-3 Size of MC-UASB system to normal swine farm

Livestock Unit (LU) Size of biogas system (Cubic meter)
101-180 250
181-215 300
215-280 400
281-355 500
356-425 600
426-500 700
501-570 800
571-720 1,000

Source: Pollution Control Department, M.P.T
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Table 2-4 Comparison of biogas wastewater treatment: Individual to integrated farm

Criteria

Individual biogas

wastewater treatment

Integrated biogas

wastewater treatment

¢ Required area for
constructing biogas
producing and wastewater

treatment system

Small farm, individual
farmers has too limited area
to construct the whole

system

Using common area or
purchase addition area is

possible

e The investment budget
compared to revenue of

breeding swine

Very high for small amount

Lower due to increased

average costs

e The investment budget
for construction collective

wastewater system

Low

Depend on the

concentration of farm

e Opportunity for taking
benefit from by-product
such as biogas, organic
fertilizer, treated
wastewater for economic

purpose

Low, because of less
volume and non-

consistency

High, because of high
volume. Price depends on

marketing demand.

e Flexibility in
management and decision

making

Very high because of

ownership management

Medium to high depend

on working system

e Fee for wastewater
treatment or maintenance

system

Not only responsible for

paying their own farm only

Payment depend on

agreement with the group

e Survey, design and

control of construction

Repeating each specific

farm

Once

e Time require from start

to complete

Short (4-6 months)

Longer, depend on

readiness of the group

e Treatment efficiency

Under effluent standard

Under effluent standard

Source: Pollution Control Department, M.P.T
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2.5 Benefits of Biogas

2.5.1 Advantage in Agriculture

Sludge from biogas digestion can be used as a fertilizer and a better quality
than fresh manure because during digestion process, nitrogen compound in manure has
been transformed into ammonia that plant can use more easily. The other plant
nutrients (including phosphorous, potassium, magnesium as well as secondary food
elements needed to grow remain in the digested sludge. Overflow sludge from biogas
digestion not only substitute chemical fertilizer but also benefit for improving soil

condition.

2.5.2 Benefits in Improving the Environment

Utilizing animal manure for biogas digestion result in decreasing manure
in that area which certainly improve surrounded environment. Digestion manure in
anaerobic condition for a long period (30 days) result in killing most pathogen and
parasite eggs which improve community health and sanitation. Moreover, utilizing
manure for biogas digestion will help protect leaching of manure contamination to
natural public water. Water pollution is certainly minimized due to processed manure

contain less organic matter.

2.5.3 Energy Benefits

Biogas is a renewable energy that can substitute firewood, charcoal, oil etc.
Biogas can be use for cooking same as LPG, more convenient than firewood or
charcoal. Biogas is a clean energy, no smoke and that make surrounding environment
clean. Biogas can be used as a source of energy for gas lamp or electricity generator,

also can be used for warming baby swine or substitute fuel engine.
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Table 2-5 Energy comparison to 1 cubic meter of biogas

Fuel Volume Unit
Cooking gas (LPG) 0.46 |Kilogram
Diesel oil 0.60 |Liter
Crude oil 0.55 Liter
Electricity 1.20 KiloWatt-hour

Source: Biogas Technology Center, 2551

Moreover, there is now promoting power generation from renewable
energy. Resolution of the cabinet October 3, 2000 approved regulations, a special case
for power purchase from SPP  projects to encourage power generation by using
substitute fuel such as waste, agricultural residues or biogas from animal farm by
assigned National Energy Policy Office (NEPO) and 3 electricity generation authorities
to cooperate on this issue. Later, on May 14, 2002 cabinet has resolved draft regulation
on power purchase from very small renewable power generation, draft regulation on
operating power generator in parallel with the system of | Electricity Authorization
(supply function) for power supply up to 1 MW, request form for power supply &
power link system. The power generators are interested in generating and distributing
power according to such policy must follow relevant regulations that can be
summarized as follows.

1) Very small renewable power generator means private, government,
state enterprises and public that have their own generator and supply power to
Electricity Authorization (supply function) for distribution and have supply volume up
to 1 MW. Categories of power generating process are as follows;

1.1) Power generating from renewable energy such as wind
power, solar power, small hydro power, very small hydro power and biogas etc.

1.2) Power generating from waste, agricultural residues,
waste form industrial or agricultural production, products processed from waste or
agricultural residues, or from industrial or agricultural production, garbage, timber

from reforestation for fuel, etc.
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1.3) Power generating from return steam from industrial or
agricultural production used fuel mentioned in item 1 or 2 above.

2) Power generators have qualification mentioned above could fill in the
request form for power supply & power link system and submit to Electricity
Authorization (supply function) which will purchase power from VSPP (very small
power plant). Electricity Authorization (supply function) will consider to purchase
power according to detail specified in that request form for VSPP.

3) In purchasing power, power price has been set by subtract net metering
method. Electrical charge in each month is as followings;

3.1) In the months that VSPP net electricity consumption
higher than net energy generation, Electricity Authorization (supply function) will
charge only the difference of electricity unit in retail electricity rates according to
electricity consumption type of that power producer plus retail Ft charge in that month.

3.2) In the months that VSPP net electricity consumption
lower than net energy generation, Electricity Authorization (supply function) will
purchase only the difference of electricity unit in wholesale electricity rates compare
to average volume that Electricity Generating Authority of Thailand sales to Electricity
Authorization (supply function) plus average wholesale Ft charge in that month.

In addition VSPP must follow safety standard and power link system
standard according to regulation on operating power generator in parallel with the
system of Electricity Authorization (supply function) for power supply up to 1 MW.
(11)

2.6 Concept of Community/Organization

Social cultures around the world have formed organizations and social
groups that are not relative in various forms. These social groups and organizations
often have 4 major basic characteristics as follows; (12)

1) Member qualification and characteristics have been defined. Some
people may be restricted not to participate in the group member.

2) Membership to the group or organization based on the intention and

common interests.
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3) Groups/Organizations structure or model is certainly clear.

4) Member have participation and proud of their involvement to the
groups/organizations.

Moreover, Assistant Professor Dr.Nantiya Hutanuwat and Associate
Professor Dr.Narong Hutanuwat (13) have mentioned principal basic to groups/
organizations as follows;

1) Should be formed by individuals with the same or similar interest,
demand and purpose because it will help understanding and discussion easier.

2) Culture should be similar because the ideas, beliefs and way of life will
benefit to the integration and general management.

3) Should have homes in the same area for easy communication. Because

most villagers will communicate through words of mouth more than other methods.

2.6.1 Important and necessity of Groups/Organizations

2.6.1.1 Unfair competition from development of Thai country
has changed our base from agricultural to industrial developments which cause rapid
social change. Rural society which is an agricultural society is weak and fall in a
disadvantageous situation, poverty and underdeveloped condition, difference between
urban and rural areas grow more, the growth of the city is not supportive of rural
development as it should. Adjustment of rural people/farmers to the changes and take
chances contend with difficulties. Adaptation to survive is need by means of 2
methods as follows;

1) Fighting alone, such as advanced farming, find a
temporary and permanent job in the urban, etc.

2) Group integration: is another method that could
help farmers to survive. Integration could be official by means of legal registration or
establish according to regulation of various government agencies. Another is a non-
official integration which establish by farmers to implement any activities to support
their needs and objectives.

2.6.1.2 Integration to survive: group integration of rural

people/farmers is very important. It is a tool to fight for survival (13). Development
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agencies of public and private are awared of the importance of group integration to
resolve problems and to develop better quality of life.

2.6.1.3 Group integration to increase wisdom: integration of
farmers benefit in transfer of technology from government agencies or private entities.
Also support to manage learning among them by means of a study tour. Therefore see
that, when the farmers are integrating in group will contribute to the learning process
leading to increase the power of wisdom.

2.6.1.4 Group integration to increase bargaining power: when
farmers stand alone there is no bargaining power because of economic weakness
always lead them to disadvantages condition. Group integration or community unit
create power to farmers and increased bargaining power both in economic and
political. Increase bargaining power from group integration can be divided into 3
types. Those are; (13)

1) Economic&Trade Bargaining Power: when farmers
are grouping together, their yield volume will add up and attracted business traders to
make deal on trading which helps farmers have the advantage in negotiating prices.
Moreover, buying production factor in high volume will lower the prices and may also
include the agreement terms of production volume within the group to prevent
oversupply to the market problem. The problem that force farmers in the economic
market.

2) Financial Bargaining Power: group integration
enables joint venture among farmers in variety form of savings which become a base
in the capital management. The farmers can use the savings to negotiate a higher
amount of credit.

3) Political Bargaining Power: political bargaining
power both at policy and operation levels of government can be done in several ways
include protest for justice, claims to state the rights of citizens and also integration as
an association network or national federation to negotiate government policy that

affect farmers.
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2.6.2 Intergration on purpose has 3 meanings as follows; (13)
2.6.2.1 Economic Purpose means groups or organizations that
have activities to increase revenue for member families by encouraging members to
create new activities such as planting lemon, swine breeding, weaving to sell or
seeking source of funds for members to increase current agricultural products.
2.6.2.2 Social Purpose means groups or organizations that
have activities to develop better quality of life such as money savings to the need of
necessity, focus on children's nutrition, learning of children, etc.
2.6.2.3 Political Purpose means groups or organizations that
have activities operation as part of the community such as village development, or
negotiate with agencies outside the community to get into the budget for public

activities of the community, or communicate with outside organizations/individuals.

2.6.3 Meaning of integration as the founder and group structure:

divided into official and non-official, each has meaning as follows; (13)

2.6.3.1 Official Group is a group with permanent structure,
formal responsibility specified, clear on operating regulation, not easy to change or
terminate and conference or meeting schedule a certain time.

2.6.3.2 Non-official Group is a group without regulation,
group structure is not complex, short time set up, change according to situation and
easy to terminate. Status of members will remain as long as members are interested in
group activities

Considering group structure (13) can be divided in 2 types as follows;

1) Simple Group Structure: the group will be Chairman, Deputy Chairman
or Group Leader and Deputy Group Leader. All group members will share ideas,
planning activities together, participate in certain activities of the group or the whole.
Bringing their own property for separate activity is possible.

2) Complex Group Structure: the group has clear objectives, role and
responsibility of group leader and members identified, divided to several functions,
have certain regulation. Activities typically are the type that members share ownership

of assets and conduct all activities together.
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2.6.4 Factors that cause initial integration of people divided to 4 types

(13) as follows;

2.6.4.1 Economic Factor: people will integrate, given that the
integration can provide their economic benefit such as loan capital in occupation,
enhance knowledge of such professionals.

2.6.4.2 Social Factors: Integration will meet the social needs
of individuals such as to be recognized, to be loved, emotional attachment, family or
relatives. Group found in every society because group is the basis of human, we are a
member of the group automatically since born (12).

2.6.4.3 Technology Factors: technology affect life and
relationships between people in society significantly such as agricultural technology
often has new development that farmers will need to seek knowledge, coupled with
government agencies often provide training, technology transfer in group. Therefore,
integration in group of farmers will contributing to technology transfer and to enable
easier acceptance of new technologies.

2.6.4.4 Biological and psychological factors: individual
desire to response needs of friends or group for the emotional warmth, by meeting and
have conversation with people who their satisfied and pleasure or who have similar
interests. Or integrate in group to have security benefits, welfare benefits result due to
anxiety and fear of people.

In addition, Direk Ruekrai mentioned that the basis of farmers is the
factors directly related to techniques acceptance, new method or changes due to
agriculture, such as

1) Social basis: The research found that women generally accept change
faster than the men. Educated farmers and higher experiences farmers will frequent to
listen to more news and/or more participation in ideas exchange meeting among
neighbor on occupational issue, accept change faster and more. Of age, research found
that acceptance in adolescents is the fastest and slow down respectively when age
increased.

2) Essential communication basis of farmers is the ability to access

information including reading, listening, logic thought. At the same time, ability in
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speaking, writing is the supplement in the matter of understanding between the
neighbors themselves providing the confidence to make more changes.

3) Other basis: farmers who have motivation and mentality, and/or obtain
more information, and/or have good attitude to change, interested in the problems and
needs of their professional activities and of a neighbor are likely to accept changes
more and faster, respectively.

From the literature review related concepts and factors that cause
groups/organizations may conclude and classify factors affecting integration as follows

1) Personal Factors include age, level of education, income, experience in
swine farm, recognition news/technology.

2) Factors Based Together include purpose/co-benefits, confronting the
problem together

3) Factors of Farm Management include costs in farm management,
treatment technology and waste management in farm, number of swine.

4) Factors in Attitudes/Opinions include attitudes/opinions on water
pollution problem caused by swine farm and attitudes toward integrated swine farms

in the construction of biogas systems.

2.7 Study Area in General

2.7.1 The general conditions of Thasadet Sub-district Municipality
Thasadet Sub-District Municipality. Traditionally, District area is in the
west of Maung District, Suphanburi Province. Distance from that Muang District

office is about 15 km, total area is 51 square kilometers territory and county as follows

North stretch to Sanamcre Sub-District, Maung District.
South stretch to Salakao Sub-District, Bangkoong Sub-District,
East stretch to Banpho Sub-District, Donphothong Sub-District,

Maung District.
West stretch to Plubplachai Sub-District, Uthong District
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2.7.2 Terrain
Condition in most area is plain area suitable for cultivation, such as rice

cultivation, farming and animal husbandry.

2.7.3 Climate Condition
Climate characteristics of Thasadet Sub-District Municipality is similar to
other area in the central zone, summer is very hot, fairly cold in winter and heavy rain

in rainy season. Plain area in general, some area have temporary flood in great flood season.

2.7.4 Occupations
Most people have career in agriculture and commerce includes rice
cultivation, farming and animal husbandry. (Swine, dairy cattle beef, chicken, duck,

etc.) Trading and workers.

2.7.5 Population

2.7.5.1 Total population is 13,952
Men 6,853
Women 7,099

2.7.5.2 Number of households 3,440

(Information as of June 2007)

2.8 Pilot Project: Useing Technology on Integrated Biogas Systems

for Waste and Wastewater Treatment from a Swine Farm

Pilot Project: The use of technologies on integrated biogas systems for
waste and wastewater treatment from a swine farm arising from Pollution Control
Department. Ministry of Natural Resources and Environment has seen the importance
of developing animal husbandry and farm management of individual farmers. By with
Biogas Technolog Center, Chiang Mai University to construct the integrated system of
waste disposal and wastewater treatment systems that will manage by local. The

project has selected Thahin Sub-district local administration, Sathing phra District,
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Songkhla for a study site of wastewater treatment system demonstration to solve the
problems of deterioration of water quality of Songkhla Lake. (9)

The model of wastewater treatment system of that pilot project (9) is as
follows;

1) Is a biogas wastewater treatment system size, 600 cubic meters

2) Required area for construction wastewater treatment system demonstration
is approximately 8.5 rai, biogas systems 2.5 rai and post wastewater treatment system
6 rai.

3) 7 list of participants from swine farm.

4) Approximately 2,400 the total number of swines.

From the literature review about the pilot project on the use of
technologies on biogas systems for waste and wastewater treatment from a swine
farm. Researchers are interested on study and finding information about social
economic, waste and wastewater management of swine farms, opinion of swine farm
owner to invest on biogas system, integrated farms, problems and obstacles in
participating the project, as well as study on affecting on integrated swine farms to
construct biogas system from farmers participated the pilot project. The objectives of
the study are as follows;

1) To provide information from the above pilot project to study compared
with the data of the study area.

2) To conduct the factors affecting the integration of the swine farm
biogas system constructed from the pilot area apply to the study area.

3) To bring problems and barriers in participating and integrating in the
project from the pilot areas for analysis to obtain feedback on the integration for study

area.

2.9 Research Related Documents

Annop Suknakorn (14) examined the financial investment of biogas
production from swine manure in Ratchaburi province. Data to study is the primary
data from the survey sample of 12 cases by sampling a specific farm with biogas

digester tank size 100 cubic meters. The analysis of costs and returns based on the
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value of net present value (NPV) benefits to costs ratio (BCR) and financial rate of
return (IRR) of the project 15 years old. And divided into 3 case studies. Case 1:
Funded by Nationnal Energy Policy Office (NEPO) and no loan from Bank for
Agriculture and Agricultural Co-operatives (BAAC). The financial analysis at the
discounting rate 1.5% and 2.25 % has valuable indicators according to discounting rate
as follows; NPV is equal to THB 221,019.60 and THB 195,383.73, and BCR is equal
to 1.28 and 1.25 and the IRR both 2 levels discounting rate charged is equal to 11%
and a value equal to the change in cost 27.88% and 25.49%, change in the value of
benefits equal to 21.80% and 20.31% respectively. In this case, found that this project
will be cost-effective investment. Case 2: Without funding from Nationnal Energy
Policy Office (NEPO) and no loan from Bank for Agriculture and Agricultural Co-
operatives (BAAC). The financial analysis at the discounting rate 1.5% and 2.25 %
has valuable indicators according to discounting rate as follows; NPV is equal to THB
149,019.60 and THB 123,383.73, and BCR is equal to 1.19 and 1.16 and the IRR both
2 levels discounting rate charged is equal to 7% In this case, found that this project
will be cost-effective investment. Case 3: Funded by Nationnal Energy Policy Office
(NEPO) and loan from Bank for Agriculture and Agricultural Co-operatives (BAAC).
The financial analysis at the discounting rate 9%, 12%, 15% and 2.25 % has valuable
indicators according to discounting rate as follows; NPV is equal to THB 92,276.76,
THB 41,712.05 and THB 2,371.38, BCR is equal to 1.14, 1.07,1.004 and the IRR is
equal to 17%, 16% and 15.28%. In this case, found that this project will be cost-
effective investment. The study of 3 cases showed that case 1 is the highest financial
return when 2 and 3 returns less, respectively. The benefits from biogas production,

biogas is used to fuel the power supply machine and as LPG.

Ubolwan Khunprom (15) has conducted financial and economic analysis
of renewable energy project from biogas production from animal manure. Using costs-
benefits analysis as a tool to assess the feasibility of financial and economic project.
Factors of production and yield estimate with constant prices. The financial and
economic analysis charged with long-term government bond interest rates at
discounting rates. This study used 3 indicators; those are net present value (NPV)

benefits to costs ratio (BCR) and internal rate of return (IRR). Primary data applied in
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this study obtained by interviewing the owner of S. P. M Farm Ltd. located in Paktho
District, Ratchaburi Province.

The study found that case 1: Funded by government, discounting rate 2%,
NPV is equal to THB 20,898,133, BCR is equal to 2.04 and FIRR is equal to 24.11
2. Case 2: without funding from government at actual financial discounting rate 2%,
NPV is equal THB 16,747,568, BCR is equal to 1.82 and FIRR is equal to 15.16
From both cases concluded that the investment of farm biogas pond building is
feasible. The benefits from biogas production system is to generate electricity
within the farm itself, revenue from selling of fertilizer each year and salvage
value is the remaining value of that machine after the economic life of the project
ended.

At actual discounting rates 5%, NPV is equal to THB 20,727,179 BCR is
equal to 2.44 and FIRR is equal to 29.49 Concluded that the project is economically

feasible.

Kamolthip Yuenyung (16) has studied the feasibility of renewable energy
from waste in the swine farm biogas systems case study Photharam District,
Ratchaburi. The study aimed to analyze returns and production costs of renewable
energy from waste in swine farms and sensitive analysis of the project in the case of a
change of variable in the decision. The sizing of biogas system set at 50 and 100 cubic
meters and studies only the small, medium and large swine farms of Photharam
District, Ratchaburi Province. The survey total of 61 samples and questionnaire is a
tool of study. For the analysis of costs and returns and project sensitivity will use both
financial and economics analysis. The consideration criteria are NPV, BCR, FIRR and
EIRR.

The research concluded that 1. If set the social opportunity costs loss at
8%, biogas system size 50 cubic meters, financial analysis value equal to NPV THB
194,801 and BCR equal to 2.81 and the economic analysis has value NPV equal to
THB 117,974, BCR value equal to 2.22 And at the biogas system size 100 cubic
meters, financial analysis has value equal to NPV THB 414,834 Baht and BCR values
equal to 3.54 and the economic analysis has value NPV equal to THB 281,556 BCR

equal to 2.90 shows that both sizes biogas systems are costs-effectve should be
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invested. 2. Analysis of 3 case, before the change, costs increased 10% and the system
used for 10 years, utilize renewable energy equivalent to 3 LPG gas tanks per month,

discounting rates 8, 10, 12 waz 14 respectively, found that biogas systems size 50

cubic meters, FIRR value equal to 53.27, 44.94 and 31.32 EIRR value equal to 29.69,
24.55 and 15.15 And at the size of biogas system 100 cubic meters FIRR value equal
to 73.48, 62.13 and 55.23 and EIRR equal to 42.85, 38.82 uaz 32.04 will see that value

that will result FIRR and EIRR discounting rate 8%, 10%, 12% and 14% are equal in
those analysis of 3 cases and a downward trajectory, but still worth the investment.
Shows that medium-sized farms are feasible and costs effective investment than small
farms. And whether investments in biogas systems 50 cubic meters or 100 cubic
meters will have low risk investment to the operator. The benefits from biogas

production are LPG fuel plus revenue from selling fertilizer each year.

Bodin Lurlertyot (17) have evaluated investment projects on biogas
production from Praves Swine Farms, Muang District, Chiang Rai. Tools used to
collect information include interviews, raw data collected from Praves Farm and The
Project on Promoting Biogas Production from Animal Husbandry Farms of Biogas
Technology Center, Chiang Mai University. Then analysed the data to assess the
investment result of Praves Farm construction on biogas wastewater treatment which
is a medium size farm, total bank loan financial investment THB 1,510,387, interest
rate 6%, with construction fund THB 289,500. Praves Farm has returned on the
construction of biogas wastewater treatment system in the form of energy saving and
revenues from selling of fertilizer around 17,550 baht per month. The return capital
period of Praves Farm biogas wastewater treatment system will be 10 years 2 months
17 days less than the system lifetime 15 years. Net present value (NPT) is equal to
THB 308,801.58 higher than zero and vyield reduction purchase equal to 6.89 higher
than interest rate 6% per year. The benefits from biogas production system are to
generate electricity within the farm itself and revenue from selling of fertilizer

each year.
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Kamthorn Anurukchuwong (18) has analysed the efficiency and economic
return of electricity from biogas production of medium-sized swine farm. The
production systems that has been analysed are integrated system of renewable energy
and pollution control system caused by farm. The analysis system consists of biogas
production digester from swine manure, gas supply power generator and induction
power generator. By making measurements of the volume and composition of biogas
that feed to the engines, amount of electric power and the quality of power produced to
calculate the performance of the system. Payback period analysis of the system
calculated from biogas digester sized 200 cubic meters, lifetime of 15 years, running
time 10 hours a day, maximum capacity of approximately 18 KW. Price of electricity
produced calculated according to Time of Use (TOU) of Provincial Electricity
Authority of Thailand for small scale business. At all costs, excluding the cost of
environmental impact and own investment without funds. A rate of return on
investment IRR equal to 35.42% with a payback period of 3 years. The benefits from
biogas production system are to generate electricity within the farm itself and

revenue from selling of fertilizer each year.

Review of documents related to research and costs benefits analysis will
be seen that the feasibility study or costs-effective investment in the past, most of the
studies on swine farms medium or large or two sizes and study on each farm only.
Method used was analysis of costs and benefits (Costs - Benefit Analysis) using
criteria NPV, IRR and B/C Ratio. Most benefits from biogas production system was to
generate electricity within the farm itself and revenue from selling of fertilizer each
year which were not found any studies analyzing the cost of financial investment in
the construction of biogas as an integrated farms to sell electricity rebate to electricity

organization: a case study of swine farms on small and medium size whatsoever.
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CHAPTER I
MATERIALS AND METHODS

This research is the financial cost-benefit analysis of joint investment of
biogas systems for electricity generation: a case study of small and medium scale
swine farm Thasadet Sub-district Municipality, Maung District, Suphanburi Province.
The study divided into two sections. The first section is to study economic, social,
waste management of swine fram, attiudes of farm owner on joint investment of
biogas, and the relationship of various factors affecting medium and small swine farm
for joint investment of biogas system for electricity generation by using Interview
Schedule and In-depth interview. The second section is to study financial feasibility of

the project by using cost-benefit analysis.

Section 1

3.1 Population

The population in this research is the 39 medium and small swine frams in
Thasadet Sub-district Municipality, Maung District, Suphanburi Province (19).

29 medium swine frams

10 small swine frams

3.2 Materials of Research

The materials of this study are questionnaire and in-depth interview,
details as follows

3.2.1 Questionnaire — for owner of swine farm in the study area to collect
data in the economic, social, waste management and attitudes of farm owner on joint

investment of medium and small scale swine farms to construct biogas system for
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electricity generation and related factor. The questionnaire is divided into 5 sections,
as follows

Section 1  Persanal, economics and social data

Section 2 Farm general data

Section 3  Waste and wastewater management in swine farms

Section 4 Opinion on joint investment of swine farm for biogas
construction to electricity generation

Section 5 Problem and obstacle on joint investment of swine farm for

biogas system construction for electricity generation and suggestion

3.2.2 Questionnaire — for swine frams owner who participate in pilot
project of using swine farm waste and wastewater management technology for biogas
production in Songkhla Lake, Thahin sub-district, Sathing Phra district, Songkhla
province. To collect data in the economics, social, waste management, attitudes of
farm owner on joint investment of biogas system, problem and obstacle and related

factor affecting medium and small swine farm for joint investment of biogas system.

3.2.3 In-depth interview — for related agencies to examine measures to
resolve wastewater problem from the existing swine farm including the future

plan/framework for solving wastewater problem.

3.3 Collecting Data

This research uses primary data from the survey by questionnaire and in-
depth interview. The data was collected data from swine farms which participated in
the pilot project and farms in the study area to analyze related factor affecting on joint

investment of medium and small swine farms to construct biogas system.
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3.4 Effective Testing of Materials

3.4.1 Questionnaire and in-depth interview used in this study were
designed according to theories, conceptual framework and was checked by the thesis
committee.

3.4.2 Questionnaire and in-depth interview were verified for the accuracy
of content in order to obtain needed information.

3.4.3 Questionnaire was tested with 8 medium and small swine farms in
Sanamcre sub-district, Maung district, Suphanburi province while in-depth interview
was tested with farmers in Thahin sub-district, Sathing phra district, Songkhla province
and related agencies before adjusting in order to obtain the answer with precision,

accuracy and does not impede the process of collecting data.

3.5 Data analysis and Statistic

The data obtained from questionnaires and interview in each section was
organize and recorded to calculate statistical inference using a program SPSS FOR
WINDOWS. The analysis as follows,

3.5.1 The general description of the data using descriptive statistics
including Frequency, Percentage, Arithmetic Mean and Standard Deviation (SD).

3.5.2 Attitude comparison among agriculturist in medium and small swine
farm using t-test.

3.5.3 The relationship between independent and dependent variables using
analysis of variance.

For swine farmer attitude on joint investment of biogas system for
electricity generation will consider the factor that are expected to be related to
investment in these systems of medium and small swine farms using the 5 Likert type

responses as follows:
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Opinion Level Scores
Most )
Much 4

moderate 3
Less 2
Least 1

Measuring the opinions of swine farm joint investment in the construction
of biogas construction for electricity generation is divided into 3 levels by adding

scores in attitudes category of 39 farmers using criteria for classification organized as

follows:
High level = Attitude score more than 75 percent of total score
Moderate level = Attitude score between 50-75 percent of total score
Low level = Attitude score less than 50 percent of total score
Section 2

3.1 Collecting Data

This section used secondary data from technical documents, research
reports as well as information from related agencies. These datas are

3.1.1 Number of swine farmers from Livestock Suphanburi office.

3.1.2 Data of pilot project on joint investment of biogas system from
Pollution Control Department.

3.1.3 Information about wastewater treatment and biogas production from
Technology biogas institute, Chiangmai University.
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3.2 Data analysis and Statistic

3.2.1 Descriptive Method — assessing value or the environment impact is
to evaluate the products and service that cannot measure monetary value. The
researcher is to review the reports, research documents, and consider environment
impacts and benefits from joint investment of electricity generation from biogas
system from swine farms in the character of positive or negative benefit to the society

and the environment. The information is to support or oppose the investment decision.

3.2.2 Quantitative Method —With discount method and 15 years service
life of biogas system which is 15 years. Thereafter, cost-benefit analysis can indicate
whether the financial return on joint investment for electricity generation from biogas
system from swine farms is worthy investment or not. The standard net present value
(NPV), benefit — cost ratio (BCR) and internal rate of return (IRR) were used in
financial cost-benefit analysis using actual costs and benefits to investor (20).

3.2.2.1 Net Present Value (NPV) is the net benefits received
throughout the duration of the project which has adjusting of time. NPV can be
negative, positive or zero depending on the amount of present value benefit (PVB)
deduct by present value cost (PVC) of that project.
NPV = PVB - PVC
n
NPV = > B-C

=0 (1+r)'
Acceptable level of the decision-making criteria is NPV higher than zero

indicate that net benefit is positive, the project is cost-effective investment.
3.2.2.2 Benefit — Cost Ratio (BCR) is the value of present value
of benefit divided by present value of cost throughout the duration of the project period.
BCR= PVB/PVC

n

BoR= & BJ/(
=0 C,/ (1+1)’
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Acceptable level of the decision-making criteria is BCR higher than 1
indicate that the project is cost-effective investment. Disadvantages for this type of
decision criteria is when apply to large project, high return while the costs is also high.
Therefore, BCR higher than 1 but overall revenue may be less than other small projects.
In this case, alternative criteria should be considered in order to avoiding errors.

3.2.2.3 Internal Rate of Return: IRR is the return on
investment throughout the project period in percentage or discounting rate that net
present value becomes zero or a rate that return and cost discount to equal present
value. This rate is the rate of investment capabilities to create revenue to cover the
investments cost.

IRR formula n

2. B-C =0
t=0 (1+IRR)'

Lost opportunity cost of capital or specific interest rate, ris set to IRR

n = Total period of the project (year)

t = Year of the project t=1,2,...,n

Bt = Benefit of the project in the t

Cq = Cost of the project in the t

r = Discounting rate = The average rate of return or minimum

PVB = present value benefit

PVC = present value cost

3.2.2.4 Sensitivity Analysis of the Project
Because all risks have potential to occur, sensitivity
analysis is important to investment decisions if encounters risks or uncertainties.
Analysis is to test that at what level of cost increase or benefits decrease so that the

project is not worth investment by using switching value which can be carried out 2 cases.
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1) A case to identify how much cost increase in %
that NPV =0and BCR =1

SVT¢ = NPV x 100
PV of cost
SVT¢ = Switching Value Test in cost

NPV = Net present value of the project

PV of cost = Net Present value of cost

2) A case to identify how much benefits increase in %
that NPV =0and BCR=1

SVTg = NPV x 100

PV of benefit
SVTg = Switching Value Test in benefit
NPV = Net present value of the project
PV of benefit = Net present value of benefit

High calculated SVTc or SVTg indicate low risk to the projec
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CHAPTER IV
RESULTS AND DISCUSSIONS

This research is a financial cost-benefit analysis of joint investment of
biogas systems for electricity generation: a case study of small and medium scale
swine farm Thasadet Sub-district Municipality, Maung District, Suphanburi Province.
The study included two sections. The first section was to study economic and social
condition, waste management, conception of farm owner on biogas system joint
investment, and factors affect on small and medium farms for joint biogas system to
generate electricity. The second section was to study financial possibility of project

using cost-benefit analysis. The results can be concluded as follows:

4.1 Result of economic and social condition, waste management, swine
farmer opinion on the joint investment of biogas system, and factors
affected on clustering small and medium swine farms on biogas system

management for electricity generation.

The results were divided into:

1. Personnel factors: age, education levels, farming experience, news
perception and knowledge

2. Farm management: swine numbers, labor numbers, labor types, water
supply in the farms, net income

3. Waste and wastewater management in swine farms

4. Farmer opinion on farm clustering for biogas construction to generate
electricity

5. Comparison on average score opinion of swine farm clustering for biogas
construction to generate electricity

6. Impact factor analysis on opinion of swine farm clustering for biogas

construction to generate electricity by variation analysis
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7. Problem and obstacle of swine farm clustering for biogas construction
to generate electricity

8. Government supporting farmers for biogas system investment, swine
farm clustering

9. SWOT Analysis for pilot project using swine farm waste and waste water
management technology for biogas production in Songkhla lake, Thahin Sub-district,

Sathing Phra District, Songkhla province.

4.1.1 Personnel Factors

1) Age: Most swine farmers were in 50-59 year old (53.8 %)
and the average age of the farms was 50.59. In medium farm size, most farmers were
50-59 year old (53.6%) and the average age of the farmers was 51, while in the small
farm size, most farmers were 40-49 year old (50%) and the average age of the farmers
was 49.40.

2) Education level: The most education level of the farmers
was secondary school or vocational certificate (48.7%). In the medium farm size, most
of farmer education level was primary school (55.2%), while in the small farm size,
most of farmer education level was secondary school or vocational certificate (50%).

3) Farming experience: Most of farming experience was 5-10
years (41%) and the average farming experience was 12.31 years. In medium and
small farm, most farmers had experience about 5-10 years (37.5% with average of
12.76 years and 50% with average of 11 years, respectively).

4) Source of news and knowledge: Most farmers got biogas
information from governmental officers (28.3%). In the medium farm size, the farmers
got biogas information from governmental officers (31%), while in the small farm

size; the farmers got biogas information from television (30%) and neighbor (30%).
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Table 4-1 Personall factors, economic and social condition, classified by farm sizes

Variable Medium farm Small farm Total
Number | Percent | Number | Percent | Number | Percent

Age (year)
Less than 30 - - - - - -
30-39 1 34 - - 1 2.6
40-49 9 31.0 5 50.0 14 35.9
50-59 17 53.6 4 40.0 21 53.8
Over than 60 2 6.9 1 10.0 3 7.7
Average age 51.0 49.40 50.59
SD 5.120 7.691 5.816
Minimum 40 32 32
Maximum 60 60 60
Education level
Non 2 6.9 - - 2 5.1
Primary school 16 55.2 3 30.0 19 48.7
Secondary school/vocational 8 27.6 5 50.0 13 33.3
certificate
Diploma/high vocational 1 3.4 2 20.0 3 7.7
certificate
Undergraduate school 2 6.9 - - 2 5.1
Graduate school - - - - - -
Farm experiences
Less than 5 years 1 34 - - 1 2.6
5-10 years 11 37.9 5 50.0 16 41.0
11-15 years 9 31.0 4 40.0 13 33.3
16-20 years 6 20.7 1 10.0 7 17.9
Over than 21 years 2 6.9 - - 2 5.1
Average experience 12.76 11 12.31
SD 6.028 4.667 5.704
Least experience 2 5 2
Most experience 30 20 30
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Table 4-1 Personall factors, economic and social condition, classified by farm sizes

(cont.)

) Medium farm Small farm Total
Variable

Number | Percent | Number | Percent Number Percent

Knowledge sources

Newspaper 8 27.6 2 20.0 10 25.6
Radio 2 6.9 - - 2 5.1
Television 4 13.8 3 30.0 7 17.9
Magazine - - - - -
Brochorch - - - - -

Advertisement poster - - - - -

Family members 2 6.9 - - 2 5.1
Neighbor 3 10.3 3 30.0 6 15.4
Club - - - - -

Government officer 9 31.0 2 20.0 11 28.2
Others 1 34 - - 1 2.6

Source: The result of study

4.1.2 Farm Management Factors

1) Swine numbers: Most farmers raised 500-1000 swine
(46.2%), and average numbers of swine was 817.44.

2) Labor numbers: Most farmer owners employed 2 labors
(43.6%). In the medium farm, most farmers employed 2 labors (51.7%) while in the
small farm, most farmers employed one labor (70%).

3) Water supply in farms: Most farmers used public water
resources (87.2%). In the medium and small farm sizes, most farmers used public
water resources, 82.8% and 100% respectively.

4) Net income: Most farmers had net income about 3,000,001
— 4,000,000 baht/year (40%), and the average net income was 3,295,500 baht/year. In
the medium farm, most farmers had net income about 3,000,001 — 4,000,000 baht/year
(47.6%) and average net income was 3,523,000 baht/year while in the small farm,
most farmers had net income about 1,000,000 — 2,000,000 and 2,000,001-3,000,000
baht/year (33.3% ) and average net income was 2,847,000 baht/year.
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Variable Medium farm Small farm Total
Number | Percent | Number Percent Number Percent

Swine numbers
Less than 500 - - 10 100 10 25.6
500-1000 18 62.1 - - 18 46.2
1001-1500 24.1 - - 17.9
1501-2000 4 13.8 - - 4 10.3
Average swine 1010.34 258.00 817.44
SD 518.476 84.169 557.238
Minimum 500 130 130
Maximum 2000 400 2000
Labor
1 3 10.3 7 70.0 10 25.6
2 15 51.7 2 20.0 17 43.6
More than or equal 3 11 37.9 1 10.0 12 30.8
Average 24 15 2.23
SD 0.949 0.972 1.038
Minimum 1 1 1
Maximum 4 4 4
Water supply
Irrigation 5 17.2 - - 5 12.8
Underground water - - - - - -
Well - - - - - -
Public water resource 24 82.8 10 100 34 87.2
Others - - - - - -
Net income (baht)
Less than 1,000,000 - - - - - -
1,000,000 — 2,000,000 - - 3 333 3 10.0
2,000,001 — 3,000,000 8 38.1 3 333 11 36.7
3,000,001 - 4,000,000 10 47.6 2 22.2 12 40.0
More than 4,000,001 3 14.3 1 111 4 13.3
Average 3,523,000 2,847,000 3,295,500
Lowest income 2,219,000 1,199,000 1,199,000
Highest income 4,764,000 4,568,000 4,764,000

Source: The result of study
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4.1.3 Waste and Wastewater Management in Farm

1) Stable cleaning: Most farmers cleaned the swine stables
once a day (66.7%). In the medium and small farm, they cleaned once a day, 62.1%
and 80%, respectively.

2) Swine feces collection: The 100% of farmer collected swine
feces before clean the stables.

3) Swine feces utilization: All farmers made fertilizer from
dried swine feces.

4) Wastewater treatment: Most farmers used non-air filter
system for wastewater treatment (69.2%). In the medium and small farm sizes, non-air
filter were used the most about 72.4% and 60%, respectively.

5) Reasons of biogas system not used in swine farms: The
main reason (35.9%) was high investment budget and limited areas. In the medium
farm, the main reason was limited construction areas (54.2%) while in the small farm,
the main reason was high investment budget (70%).

6) Gas systems for wastewater treatment: Most farmers used
biogas fixed dome wastewater treatment (80%). In the medium farm, most farmers
used biogas fixed dome wastewater treatment (80%) while the small farm had no gas
system for wastewater treatment.

7) Biogas utilization: Most farmers used biogas from wastewater
treatment for cooking (60%).

8) Reasons of biogas selection: The main reason for farmers

using the biogas system was the biogas utilization (80%).
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Table 4-3 Waste and wastewater management in farms classified by farm sizes

Variable

Medium farm

Small farm

Total

Number

Percent

Number

Percent

Number

Percent

Stable cleaning

No cleaning

Once /day
Twice/day

More than twice/day

18
11

62.1
37.9

80.0
20.0

26
13

66.7
33.3

Swine feces collection
No collection
Everyday

Every two days

Not often

Swine feces utilization
Dumping to public water
source

Dumping to pond in farm
Leaving on ground
Animal fed

Dried fertilizer

29

100

100

39

100

Wastewater treatment
No treatment

Non-air filter
Stabilization Pond
Natural treated pond
Biogas system

Others

21

72.4

10.3
17.2

30.0
60.0

10.0

27

7.7
69.2

10.3
12.8

Reasons of biogas system
not used

High investment

Difficult maintenance

Not sufficient feces
Limited areas

Choking of pipe system
Others

29.2
12.5
4.2
54.2

e

70.0
10.0
10.0
10.0

14

14

35.9
10.3
5.1
35.9
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Table 4-3 Waste and wastewater management in farms classified by farm sizes (cont.)

) Medium farm Small farm Total
Variable

Number | Percent | Number | Percent Number | Percent

Gas systems
Fixed Dome 4 80.0 - - 4 80.0
Cover Lagoon - - - - - -
MC-UASB - - - - - -
Others 1 20.0 - - 1 20.0

Biogas utilization
Cooking 3 60.0 - - 3 60.0
Light energy 2 40.0 - - 2 40.0
Heat energy - - - - - -
Fuel - - - - - -
Others - - - - - -

Reason of using biogas
utilization 4 80.0 - - 4 80.0
Biogas utilization - - - - - -
Feces fertilizer - - - - - -
Odor and insect solution 1 20.0 - - 1 20.0
Gain suggestion - - - - - -
Others

Source: The result of study

4.1.4 The opinion on swine farm clustering for biogas construction to
generate electricity

The opinion on swine farm clustering for biogas construction to generate
electricity was to assess opinions: wastewater problem, clustering biogas system
construction and management, effective and usefulness of clustering biogas system,
wastewater solving cooperation, and education and supporting from government, the
total was 18 questions with highest possible score of 90.

The results showed that most farmers opinions were in moderate level: 50-
75 scores, 74.4%, and the average score of opinion was 49.38. Classified by farm
sizes, most of farmer opinion score in medium farm size was in moderate level
(75.9%) and average score was 49.21, while most farmer opinion score in small farm

size was in moderate level (70%) and average score was 49.90 (Table 4-4).
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The opinion scores of wastewater problem, construction and clustering

biogas system management, effective and usefulness of clustering biogas system,

wastewater solving cooperation, and opinion of education and supporting from
government, were in moderate levels; 46.2%, 76.9%, 56.4%, 76.9% and 46.2%,

respectively.

Table 4-4 Opinion on swine farm clustering for biogas system

electricity generation, classified farm sizes

construction for

Variable

Medium farm

Small farm

Total

Number | Percent

Number | Percent

Number | Percent

Overall opinion ( 90 scores)
Minimum level( < 45 scores)
Moderate level ( 45-67.5 scores)

Maximum (> 67.5 scores)

7 241
22 75.9

2 20.0
7 70.0
1 10.0

9 231
29 74.4
1 2.6

Average
SD

MIN
MAX

49.21
7.078
34
63

49.90
8.723
39
68

49.38
7.418
34
68

Wastewater problem opinion
(15 Scores)

Minimum level (< 7.5 scores)
Moderate level ( 7.5-11.5 scores)

Maximum level ( >11.25 score)

13 44.8
14 48.3

30.0
4 40.0
3 30.0

16 41.0
18 46.2
5 12.8

Average
SD

MIN
MAX

8.00
2.268

13

9.60
2.797

14

8.41
2479

14

Construction and clustering
biogas system management
(130 scores)

Minimum level (< 15 scores)
Moderate level ( 15-22.5 scores)

Maximum level (> 22.5 scores)

6 20.7
22 75.9

2 20.0
8 80.0

8 20.5
30 76.9
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Table 4-4 Opinion on swine farm clustering for biogas system construction for

electricity generation, classified farm sizes (cont.)

Variable Medium farm Small farm Total
Number | Percent | Number | Percent | Number | Percent

Average 17.10 16.40 16.92
SD 3.363 2.757 3.199
MIN 9 11 9
MAX 25 20 25
Effective and usefulness of
clustering biogas system (15
scores)
Minimum level (< 7.5 scores) 7 241 50.0 12 30.8
Moderate level ( 7.5-11.5 scores) 18 62.1 4 40.0 22 56.4
Maximum level ( >11.25 scores) 4 13.8 1 10.0 5 12.8
Average 8.76 8.00 8.56
SD 2.278 2.357 2.292
MIN 3 5 3
MAX 14 12 14
Cooperative wastewater solving
(20 scores)
Minimum level (< 10 scores) 3 10.3 1 10.0 4 10.3
Moderate level ( 10-15 scores) 22 75.9 8 80.0 30 76.9
Maximum level (> 15 scores) 4 13.8 1 10.0 5 12.8
Average 12.17 12.50 12.26
SD 2.522 2.593 2,510
MIN 8 9 8
MAX 17 18 18
Opinion on knowledge and
supporting from government
(10 scores)
Minimum level (< 5 scores) 9 31.0 30.0 12 30.8
Moderate level ( 5-7.5 scores) 14 48.3 4 40.0 18 46.2
Maximum level (> 7.5 scores) 6 20.7 3 23.1 9 23.1
Average 5.86 6.00 5.90
SD 1.866 2.357 1971
MIN 3 3 3
MAX 9 10 10
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4.15 Comparison of average farmer opinion scores on clustering
swine farms for biogas system to generate electricity

Classified by farm sizes, the opinion scores of wastewater problem,
construction and Clustering biogas system management, effective and usefulness of
clustering biogas system, wastewater solving cooperation, and opinion of education
and supporting from government, were in moderate levels and not different

significantly from average opinion scores between farm size groups(P>0.05) (Table 4-5).

Table 4-5 Comparison of average farmer’s opinion scores on clustering swine farms

for biogas system construction to generate electricity, classified by farm sizes

Medium Small
Variable farm size farm size t Sig.
X SD X SD
Overall opinion 4921 | 7.078 | 49.90 | 8.723 | 0.25 | 0.803
Wastewater problem opinion 8.00 2.268 9.60 2797 | 1.81 | 0.078

Construction and Clustering biogas 1710 | 3.363 | 16.40 | 2.757 | 0.59 | 0.556
system management
Effective and usefulness of clustering | 8.76 2.278 8.00 | 2.357 | 0.90 | 0.374
biogas system
Cooperative wastewater solving 1217 | 2522 | 1250 | 2593 | 0.35 | 0.727
Opinion of knowledge and 5.86 1.866 6.00 | 2.357 | 0.19 | 0.852

supporting from government

Source: The result of study

4.1.6 Analysis of average farmer’s opinion scores on clustering swine
farms for biogas system to generate electricity

The farmer opinion scores on clustering swine farms for biogas system to
generate electricity were studied. Two variance analysis methods were used:

1) Personal factors affected on farmers’ opinion on clustering swine farms

for biogas system to generate electricity.
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Dependent variable

Farmer’s opinion scores on clustering swine farms for biogas system to
generate electricity

Independent variable

Age, education level, farming experience, news source and knowledge

Variance analysis

The independent variables; age, education level, farming experience, news
source and knowledge affected dependent variable that was the opinion on clustering
swine farm for biogas system to generate electricity. When considering each variable,
the results showed age and farming experience affected on the opinion on clustering

swine farm for biogas system to generate electricity (P<0.05) (Table 4-6).

Table 4-6 Variance analysis of personal factors effect on farmers’ opinion on clustering

swine farms for biogas system to generate electricity

Source of Variation Sum of square | DF | Mean of square F Sig of F
Age 76.754 2 38.377 1.143 | 0.033*
Education level 0.386 2 0.193 0.224 0.801
Farming experience 35.994 2 17.997 0.540 | 0.042*
Knowledge source 34.470 2 17.235 1.169 0.322

Source: The result of study

2) Farm management factor effect on farmers’ opinion on clustering swine
farms for biogas system construction to generate electricity.

Dependent variable

Farmer’s opinion scores on clustering swine farms for biogas system to
generate electricity.

Independent variable

Swine numbers, labor, labor types, water supply on farms, and net income.
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Variance analysis

Independent variable; swine numbers, labor numbers, labor types, water
supply on farms, and net income affected dependent variable that was the opinion on
clustering swine farm for biogas system to generate electricity. When considering each
variables, the results showed that swine numbers (P<0.05) and labor (P<0.01) have

effect on the opinion on clustering swine farm for biogas system to generate electricity

(Table 4-7).
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Table 4-7 Variance analysis of farm management factor effect on farmers’ opinion on

clustering swine farms for biogas system to generate electricity

Source of Variation Sum of square | DF | Mean of square F Sig of F
Swine numbers 7019.452 2 509.726 0481 | 0.022*
Labor 1.613 2 0.806 0.738 | 0.001**
Water supply on farms 0.196 2 0.098 0.091 0.914
Net income 174.852 2 1.019 0.314

Source: The result of study

4.1.7 Problem and obstacle of clustering swine farm for biogas to

generate electricity

The main obstacle of medium farm was limited construction areas (31%)

while the main obstacle of small farm sizes was hard maintenance (50%) (Table 4-8).
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Table 4-8 Problem and obstacle of clustering swine farms for biogas system to

generate electricity

Problem and obstacle Medium farm Small farm
Number | Percent | Number | Percent

1. Limited construction areas 9 31.0 2 20.0
2. Difficult maintenance 5 17.2 5 50.0
3. Scattering of farms 5 17.2 1 10.0
4. Others 3 10.3 1 10.0
5. Unidentified reason 7 24.1 1 10.0

Total 29 100.0 10 100.0

Source: The result of study

4.1.8 Government supporting for farmers for biogas construction of
clustering swine farms to generate electricity

From the interviewing the swine farmers, for medium farm, the
government foundation or funding for biogas construction by clustering farm was the
most required (37.9%). In case of small farm, the government foundation or funding

and knowledge supporting were the most required (40%) (Table 4-9).

Table 4-9 Required government support for clustering swine farms on biogas construction

) Medium farm Small farm
Required government support

Number | Percent | Number |Percent

1. Providing public areas 3 10.3 2 20.0

2. Supporting knowledge of clustering swine 7 24.1 4 40.0

farms on biogas construction and usefulness

3. Foundation establishment or funding for 11 37.9 4 40.0

clustering swine farms on biogas construction

4. Others 3 10.3 - -

5. Non specific reason 5 17.2 - -
Total 29 100.0 10 100.0

Source: The result of study
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4.1.9 SWOT Analysis

Pilot project using swine farms wastewater and waste treatment with
biogas system from clustering farm in wetland “Songkhla lake", Thahin Sub-distritc,
Sathing Phra District, Songkhla province, was carried out and operated since 2004 .
The biogas for cooking was one of the benefits. In the present (2008), the operation
was stopped because of flood since 2005. The treatment system was damaged.
Therefore, the TAO of Thahin contacted the company who could repair the system.

Impact factors of swine farm biogas system construction were studied

from the pilot project and were presented in SWOT Analysis:

Table 4-10 SWOT Analysis

Strengths

1. Farmers concerned about wastewater
in Songkhla lake which reduced on
quantity of aquatic animals and their
decline in incomes.

2. Strong cooperation of farmer for
wastewater solution by establishing
Songkhla lake conservation group for
monitoring water quality.

3. Local government pleayed important
role in solving environmental problem.
4. Distance between farms was not too
far, so waste collection from all farm was
possible.

5. System construction area was
available.

6. Most studied swine farms were family

related

Weaknesses

1. Swine farm was on Songkhla lake.

2. Only affected farmers cooperated on
wastewater project, got affect.

3. Local government had no budget for
training on “wastewater management”
and “biogas system”.

4. Farmers lacked the knowledge and
understanding about wastewater and
biogas waste treatment technology.

5. Maintenance and repairing system

budget was very high.
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Opportunities

1. Biogas Technology Center, Chiang
Mai University, supported academic
knowledge.

2.Budget was supported by government
section such as Pollution control
department, Energy Policy and Planning
Office Ministry of Energy

3. Meeting of concerned parties was

provided before launching the project.

Threats

1.Flooding can damage wastewater
treatment system.

2. Involving agencies has never done soil
analysis before carrying out the project,
so soil erosion did happen when flooding.

3.Communities near Songkhla Lake had
no wastewater treatment before

discharging to public water source.

Source: The result of study

The pilot project of swine farm waste and wastewater treatment by using

clustering biogas system in Songcla Lake, Thahin Sub-district, Sathing Phra District,

Songkhla province, was analyzed by SWOT. The result showed that the strengths,

opportunities, weaknesses and threats can used as guideline and suggestion for farmers

in Thasadet Sub-district Municipality, Maung District, Suphanburi Province, to effectively

implement the joint investment biogas system to generate electricity. The guideline

and suggestion was as follows;

Table 4-11 Guideline and suggestion for farmer in Thasadet Sub-district Municipality,

Maung District, Suphanburi Province

The pilot project of swine farm waste
and wastewater treatment by using
clustering biogas system in Songkhla
lake, Thahin Sub-district, Sathing Phra
District, Songkhla province.

The joint investment of swine farm in
biogas system to generate electricity,
Thasadet Sub-district Municipality, Maung

District, Suphanburi Province.

Strengths

1. Farmers concerned about waste water in
Songkhla lake effect on decreasing amount
of aquatic animals, so their incomes were

declined.

Guideline and Suggestion

1. Government section should provide waste
water information and knowledge by cooperation
with groups such as the natural waterway

conservation project, let the farmers and
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Table 4-11 Guideline and suggestion for farmer in Thasadet Sub-district Municipality,

Maung District, Suphanburi Province (cont.)

The pilot project of swine farm waste
and wastewater treatment by using
clustering biogas system in Songkhla
lake, Thahin Sub-district, Sathing Phra

District, Songkhla province.

The joint investment of swine farm in
biogas system to generate electricity,
Thasadet Sub-district Municipality, Maung

District, Suphanburi Province.

2. Strong cooperation of farmer for
wastewater solution by established
Songkhla lake conservation group for
monitoring water quality

3. Local governors played the important
role for solve environmental problem.

4. Distance between farms was not too far,
so waste collection from all farm was
possible.

5. System construction area was available.
Most studied swine farms were family
relationship.

6. Most studied swine farms were family

related.

people in that area brainstorm cause of
wastewater problem, impact, landscape
improvement in the riparian zone. Sense of
belonging for their natural resources and
environment and the good cooperation of
farmer should arise for solving these
problems.

2. Local government should play important
role for environmental solution in their own
areas by pushing plan/project related to
wastewater from swine farms and securing
necessary the budget.

3. Survey of scatterred swine farms showed
that the relationship among farms and number
of swine was high so electricity should be
produced and sold in the electricity market.

4. Government agencies should search for the

public areas for treatment system construction

Opportunities

1. Biogas Technology Center, Chiang Mai
University supported academic knowledge.
2. Budget was supported by government
section such as Pollution control
department, Energy Policy and Planning
Office Ministry of Energy

3. Meeting of concerned parties was

provided before starting the project.

Guideline and suggest

1. All related government sections should
work in integrated manner.

2. Before the construction, local government
should set the meeting for project stakeholders,
following Prime Minister's office regulations

about listenning to people’s opinion, 2005.
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Table 4-11 Guideline and suggestion for farmer in Thasadet Sub-district Municipality,

Maung District, Suphanburi Province (cont.)

The pilot project of swine farm waste
and wastewater treatment by using
clustering biogas system in Songkhla
lake, Thahin Sub-district, Sathing Phra

District, Songkhla province.

The joint investment of swine farm in
biogas system to generate electricity,
Thasadet Sub-district Municipality, Maung

District, Suphanburi Province.

Weaknesses

1. Swine farm was on Songkhla Lake.

2. Farmers cooperated on waste water
project, got affect.

3. Local government had no budget for
training about “wastewater management”
and “biogas system”.

4. Farmers lacked of the knowledge and
understanding about waste water and waste
treatment technology, biogas system.

5. Maintenance and repairing system
budget was so high.

Guideline and suggestion

1. In Thasadet sub-district municipality, most
swine farms near Thawa canal, have run for 10
year with no construction areas for wastewater
treatment. Government agencies should
provide knowledge of wastewater management
before releasing to public water source
according to the law. Moreover, farm
clustering for biogas system to generate
electricity should be fully supported by the
government.

2. Government section should provide
activities, workshop, knowledge, and raise
awareness of wastewater problem and impact
on society, to farmers and villagers.

3. Local government should allocate budget
for swine farm wastewater management, such
as providing farm competition for high quality
livestock, training swine farm wastewater
management for farmers on biogas system.
The result of the project shall make farmers
learn and understand about swine farm waste
and wastewater treatment technology and
biogas system, and usefulness of biogas
system. Such information can encourage the

farm clustering.
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Table 4-11 Guideline and suggestion for farmer in Thasadet Sub-district Municipality,

Maung District, Suphanburi Province (cont.)

The pilot project of swine farm waste
and wastewater treatment by using
clustering biogas system in Songkhla
lake, Thahin Sub-district, Sathing Phra

District, Songkhla province.

The joint investment of swine farm in
biogas system to generate electricity,
Thasadet Sub-district Municipality, Maung

District, Suphanburi Province.

4. Agencies who have the responsibility to
support academic technique for treatment
system construction should study landscape
characteristics and then select the most
appropriate treatment system because this
could minimize budget for repairing the

system.

Threats

1. Flooding can damage wastewater
treatment system.

2. There was no soil analysis before
undertaking the project and soil erosion did
happen when flooded.

3. Communities near Songkhla Lake had
no wastewater treatment before discharging
to the lake.

Guideline and suggest

1. There should be survey of soil characteristic
at waste treatment system construction site.

2. Not only, wastewater problem in Thawa
canal occurred in Thasadet sub-district
municipality, but volume of wastewater
accumulated from Doem Bang Nang Buat
district and flowed to Thasadet sub-district,
also. The canal was deteriorated. Most
communities near Thachin river had no
wastewater treatment. Therefore, government
should solve the problem in systematic
manner. Moreover, local government near the
river should manage wastewater in their own

areas.

Source: The result of study
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4.2 Result of Financial Cost — Benefit Analysis of the Project

A financial cost-benefit analysis of joint investment of biogas systems
for electricity generation: a case study of small and medium scale swine farm Thasadet
Sub-district Municipality, Maung District, Suphanburi Province, was considered and
classified financial capital and direct profit every year during the project life. The
market price was used, and the criterion was net present value (NPV), benefit — cost
ratio (BCR) and internal rate of return (IRR) by defined project period at 15 years and
8% discount rate.

4.2.1 Analysis of selected appropriate biogas system

From survey in Thasadet Sub-district Municipality, Maung District,
Suphanburi Province, there were 29 medium farms and 10 small farms. Moreover,
they are year round operation. The total swine in the area was 31,880 while there were
5 farms with 3,600 swines that had biogas wastewater treatment system. This financial
worth for clustering farm type for biogas system construction to generate electricity
covered farms with no biogas wastewater treatment system and hence the total swines
was 28,280.

According to biogas system size selection (MC-UASB), 1 m® is needed for

every 8 swines (21).

number of swine / 8
28,280/8
3,535 m?

Biogas system size

Therefore, the size of biogas system for investment from clustering swine
farms to generate electricity: a case study of medium and small scale swine farms in
Thasadet Sub-district Municipality, Maung District, Suphanburi province estimate was
4000 m®,

4.2.2 Estimation of the benefit and cost
4.2.2.1 Estimation of the benefit
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1) Estimation of amount of produced biogas
Estimation of volume of produced biogas from
MC-UASB system was based on assumption of stable volume of waste input. The rate
of produced gas /livestock unit was 0.85 m*/livestock unit.

Calculation of livestock unit

Net swine weight = number of swine x average swine weight/unit
= 28,280 x 60
= 1,696,800 kg
where 60 kg/unit was average swine weight
Livestock unit = Net of swine weight (kg) / 500
= 1,696,800 /500
= 3,394
Calculation of volume of produced gas
Amount of produced gas = Livestock unit x 0.85
= 3,394 x0.85

2,885 m’/day
Therefore, volume of produced gas from biogas system, MC-UASB was
2,885 m*/day.
1) Estimation of volume of electricity generated
Produced gas will be transformed to electricity.

One m®/day can generate 1.2 kwh/m? of electricity.

electricity volume of produced biogas x 1.2
2,885x1.2
3,462 kwatt-hr

Electricity from biogas can be sold. The electricity price was based on

electricity value plus FT of wholesale and rate of fuel increase. The base of electricity
value was 2.9278 baht/unit, average FT of wholesale in December 2008 was 0.7730 baht,
and rate of biogas fuel price increase was 0.30 baht. As a result, price of electricity
sold was 4.0 baht/unit.



Supattra Um-Kerd Results and Discussions / 72

Value of electricity generated (baht/year)

electricity generated x price x days
3,462 x 4.0 x 365
5,054,520 baht/year

Hence, the electricity generated and its value were 3,462 Kwh and
5,054,520 baht/year, respectively (Table 4-10).

2) Estimation of amount of produced organic fertilizer
With the operation of biogas system, MC-UASB

type, sediment water was rotated to wastewater pond or CT pond for organic matter to

decompose completely and less sediment water is released to sediment drying areas
comparing to the old biogas system. Moreover, volume of fertilizer depends on number
of swine, swine size, volume of feces, concentration of TSS in fermented feces liquid
and period of drying (effected on humidity and weight in fertilizer). The rate of

fertilizer process was 0.68 kg/livestock unit at 15% humidity.

Value of produced organic fertilizer = livestock unit x 0.68
3,394 x 0.68
2,308 kg/day

The survey in Thasadet sub-district, Muang district, Suphanburi, found

that market value of dried swine feces for fertilizer production was 1.25 baht/kg

Value of produced organic fertilizer (baht/year)

Volume of produced organic fertilizer x market value x day
2,308 x 1.25 x 365
1,053,025 (baht/year)

Volume of produced organic fertilizer and it value were 2,308 kg/day
and 1,053,025 baht/year, respectively (Table 4-12).
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Table 4.12 Estimation of benefit, price and total value from joint investment of biogas

system for electricity generation

o ) Market price Convert biogas | Total value
Quantitative Benefit | Day/year Volume o
(Baht) to electricity (baht/year)
1. Compensated 365 4.0 3,462 1.2 K watt -Hour 5,054,520

energy: electricity
(K watt -Hour)

2. Fertilizer from 365 1.25 2,308 - 1,053,025
the process (kg)

Total 6,107,545

Note: Value of benefits from the project with the assumption that output and price are
constant over project life
4.2.2.2 Estimation of cost
1) Estimation of financial comprised 2 sections,
investment cost and operation cost.

Investment cost of biogas system was incurred in
the first year under construction condition or hypothesis “no obstacle and accidental
events that effected on delayed construction”. The land rent is assumed constant over
project life. Operation costs, which were pond maintenance, generator and pump
maintenance, engine maintenance and labor, were also assumed constant over time.
This study excluded water and electricity costs because water use is neglectible and
electricity can be used from one generated.

2) Capital estimation in the table 4-13 which based on
2008 price including equipment and labor cost for biogas system construction was
12,713,900 baht. Construction labor cost was 20% (2,542,780 baht) of equipment with
7% VAT (1,067,968 baht). Design consultant, construction supervision, operation and
maintenance costs for 1 year were 1,056,000 baht. The connection cost to Provincial
Electricity Authority’s grid was 290,000 baht. Operating costs, that were pond
maintenance, generator and pump maintenance, engine maintenance and labor cost,
was 147,000 42,000 and 30,000 baht/year, respectively. Cleaning labor cost of 3 persons
(cleaning, collecting feces to biogas system, and collecting dried feces) was 3,910
baht/month or 140,760 baht/year (Table 4-14).
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Table 4-13 Estimation of investment cost from joint investment of biogas system for

electricity generation

List Amount | Unit Value
(baht/year)
1. Collection Tank 1 pond 162,800
2. Sand Trapped Tank 1 pond 137,000
3. Channel Digester, size 4,000 m® 1 pond 1,203,800
4. Stabilization Pond 1 pond 258,500
5. Up-flow Anaerobic Sludge Blanket 1 pond 588,500
6. Sand Drying Bed 32 Bed 489,600
7. Post Wastewater Treatment System 1 Set 2,000,000
- Anaerobic Pond 2 pond
- Facultative Pond 2 pond
- Water Hyacinth Pond 2 pond
- Polishing Pond 1 pond
8. Control Room 1 room 160,000
9. Water supply in constructed areas and collected wastewater 1 Set 4,530,000
system
10. Equipment of operation and set of electricity production from 1 Set 3,183,700
biogas system
Total of equipment and labor cost (List 1-10) 12,713,900
11. Constructing labor 20% 2,542,780
12.Vat 7% 1,067,968
Total of net construction 16,324,648
13. Design consultant, construction control, operating and 1,056,000
maintenance for 1 year
14. Land rental (1,200 baht/rai/year) 135 Rai 16,200
Total of biogas construction 17,686,848
15. Approval design value for electricity motor 1 Time 15,000
16. Testing safety system cost 1 Time 50,000
17. Setting/changing/testing and checking motor, include 1 Set 25,000
equipment
18. Synchronizing Check Relay setting cost (Electricity authority 1 Set 200,000
station)
Total of connecting electricity process for selling (list14-17) 290,000
Total cost of starting investment 17,686,848
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Table 4.14 Estimation of operation cost from joint investment of biogas system for

electricity generation

List of operating cost Market price Amount Cost
(baht) (baht/year)

1. Gas pond system, generator and 147,000 1 147,000

pump maintenance

2. Engine maintenance 42,000 1 42,000

3. Labor cost 30,000 1 30,000

4. Labor cost (cleaning) 3,910 3 140,760
Total 359,760

4.2.2.3 Cashflow and decision criteria

With net cashflow per year (benefit minus cost per year),
15-year service life and 8% discount rate, net present value (NPV), benefit — cost ratio
(BCR), internal rate of return (IRR) and project sensitivity analysis were calculated by
Microsoft Excel program. The financial analysis data was in Table 4-15 and summary
was in Table 4-16

The result of analysis showed that net present value
(NPV) was 16,648,780.82 baht, benefit — cost ratio (BCR) was 1.47, and internal rate of
return (IRR) was 12.46%. The 3 standard project assessments was very high showing

worthiness of the investment.
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4.2.2.4 Project Sensibility Analysis
In this study, this sensitivity analysis aimed to determine
what cost and benefit variation would make the project not worth investing using
switching value method.
1) Case of cost increasing that NPV =0,BCR =1
SVT¢ = NPV x 100
PV of cost
= 16,648,780.82 x 100
35,619,589.29
= 46.74
SVT¢ = Switching Value Test of cost
NPV = Net Present Value

PV of cost = Preset Value of cost

2) Case of benefit reduction such that NPV =0, BCR =1

SVTg = NPV x 100
PV of benefit
= 16,648,780.82 x 100
52,268,370.11

= 31.85
SVTg = Switching Value Test of Benefit
NPV = Net Present Value
PV of benefit = Preset VValue of benefit

This analysis showed that cost can increase up to 46.74 % and benefit can

reduce by 31.85 and high SVT¢ and SVTg indicate low risk of project.

Table 4-16 Summary of financial Analysis

] BCR FIRR SVTc SVTsg
Discount Rate NPV (Bath) ]
(Times) (%) (%) (%0)
8% 16,648,780.82 1.47 12.46 46.74 31.85

Source: The result of study
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4.2.2.5 Payback Period
Pay Back period of investment: case study of medium
and small swine farm , Thasadet Sub-district Municipality, Maung District, Suphanburi
Province swine farm clustering biogas system is at 5 years and 6 months as calculation
shown in Table 4-17.

Table 4-17 Payback Period

Year Cash income Cash in flow et cash flow Net cash flow
each year

1 0 17,686,848 -17,686,848 -17,686,848
2 6,107,545 2,095,436 4,012,109 -13,674,739
3 6,107,545 2,095,436 4,012,109 -9,662,630
4 6,107,545 2,095,436 4,012,109 -5,650,521
5 6,107,545 2,095,436 4,012,109 -1,638,412
6 6,107,545 2,095,436 4,012,109 2,373,697

Source: The result of study

Payback Period 5+ 2,373,697
4,012,109

=5.59 years = 5 years 6 months

4.3 Discussion

4.3.1 From analyzing joint investment in swine farm project: case study
of Tha Wa canel, Thasadet Sub-district Municipality, Maung District, Suphanburi
Province, it is found that this is a worthwhile investment project, short payback period,
which corresponds to the study of Annop Suknakorn (14), Ubolwan Khunprom (15)
and Kamolthip Yuenyung (16) on Cost-Benefit Analysis of Investment of Biogas
Systems from munure which found that the project is attractive for investment of
Biogas Systems from manure which found that the project is attractive for investment
also. In addition, the joint investment of biogas systems for electricity generation with
no extra cost to swine farmers can reduce water pollution from swine farms, induce
income from electricity generating, reduce imported energy and increase electricity

generated from renewable source. Review of documents related to this research and
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cost-benefit analysis reveals that the feasibility study or costs-effective investment in
the past mostly done on medium or large swine farms. Method used was analysis of
costs and benefits (Costs - Benefit Analysis) using NPV, IRR and B/C Ratio. Most
benefits from biogas system were to generate electricity for use within the farm itself
and revenue from fertilizer sold each year. No study analyzed the investment in the
biogas as an integrated farms to sell electricity to electricity authority using biogas
production by MC-UASB

From factors that affect medium and small swine farm clustering for
biogas system construction in Thasadet Sub-district Municipality, Maung District,
Suphanburi Province, it was found that only age (50-59 years), experience (5-10
years), number of pig (500-1,000 pigs) and number of labor (2 labors) affect attitude
toward swine farm clustering for biogas system investment to generate electricity.
Concerning attitude of farmers, it was found thatAttitude toward waste water rank in
medium level (amount 18 farms equal to 46.2%) show that local people realize in
pollution especially in waste water pollution and realize that this is a mutual problem
in local area.

1) Attitude toward wastewater was in medium level (amount
18 farms equal to 46.2%) which showed that local people realized in pollution
especially water pollution and realized that this was a mutual problem in local area.

2) Attitude toward efficiency and benefit of biogas system
clustering was in medium level (amount 22 farms equal to 56.4%) showing that swine
farmers somewhat know and understand about biogas system and think that biogas
system is not worthwhile.

3) Attitude toward cooperation in wastewater treatment rank in
medium level (amount 30 farms equal to 76.9%) show that local swine farmer are
ready to solve wastewater pollution in case of critical level.

4) Attitude toward information and support from government
was in medium level (amount 18 farms equal to 46.2%) showing that swine farmers
got information and support in various aspects from government and related

organizations. However, there is no integration in solving problem.
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4.3.2 Source of fund for joint investment

Source of fund for the investment in biogas system may be mutual
investment of clustering farmers (buy share) according to ratio of investment to
number of pigs in each farm. If share price was 200 baht each and there are 28,280
pigs, there would initially be 5,656,000 baht for investment.

However, the total fund required was 17,686,848 baht. Therefore, the
group has to get loan of 12,030848 baht from the bank. Concerning loan, the
committees of energy conservation permits that department of alternative energy
development and efficiency to support conservation and alternative energy project. It
aims to encourage and induce investment in energy conservation and alternative
energy project by lending at less than 0.5% per year rate of interest and let financial
institution manage the loan with allowed rate for operation and risk not more than 4%
per year. The financial institution is responsible for loan and interest and must pay
back by installment to the fund in 7 years.

This joint investment project has to pay principle and interest back in
every end of the year from the 1% year to 7" year. In this first seven year, the
remaining cash can be paid back as dividend to all farmers according to the number of
share holding. After 8 years of operation, all share holder would receive the profit

without any reduction (Table 4-18).
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CHAPTER V
CONCLUSIONS AND RECOMMENDATION

This research is a financial cost-benefit analysis of joint investment of
biogas systems for electricity generation: a case study of small and medium scale
swine farm Thasadet Sub-District Municipality, Maung District, Suphanburi Province.
The objective was to analysis financial cost-benefit of joint investment of biogas
systems for electricity generation and to study factors affected small and medium
swine farm in joint investment of biogas systems for electricity generation.

The case was quantitative study including two sections. The first section
was to study socio-economic condition, waste management and conception of farm
owners on biogas system joint investment. The questionnaires were used as the tool to
collect the data from 39 swine farmers (29 medium farmers and 10 small farmers),
in Thasadet Sub-District Municipality, Maung District, Suphanburi Province. The
questionnaire elicits personal information, socio-economic conditions, general farm
information, waste management and wastewater from swine farm, opinion, problem
and obstacle, and suggestion on swine farm clustering for biogas system construction
for generating electricity. Data were analysis by SPSS for windows and presented as
percentage, average, SD, group average differentiation test and variation analysis.
Moreover, the questionnaire were used for swine farm enterprisers who joined pilot
project of wastewater management from swine farm in water basin, Songkhla lake,
Thahin Sub-District, Sathing phra District, Songkhla Province. The in-depth interview
was carried out for involving departments. The second section was to study financial
possibility of project using cost-benefit analysis. The results can be concluded as

follows;
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5.1 Conclusion of socio-economic condition, waste management, swine
farmer opinion on the joint investment in biogas system, and factors
affected on small and medium swine farms in joint investment on

biogas system for electricity generation

5.1.1 Personal Factors

Half of swine farmers were 50-59 years old, and graduated from primary
school. Two third of studied group have 5-10 years experience. Most of them got news
and knowledge from government officers.

When classified by farm sizes, the result showed that farmers in medium
farms were older than those in small farms. The farmers in small farms have higher
education than those in medium farms. The farmer in medium farms had more
experience than those in small farms. Most farmers in medium farms got news and
knowledge from government officers while most farmers in small farm got news and

knowledge from television and neighbors.

5.1.2 Farm management factors

Most farmers raised 500-1000 swines and employed two workers. The
average annual income was 3,295,500 baht. Generally, water supply in farms came
from public resource (Thawa canal). The water bill was less than electricity bill. Water
from stall cleaning was the cause of water pollution.

When classified by farm sizes, the farmers in small farms have less
workers than those in medium farms. The average number of swine in small farm was
258 while that in medium farm was 1,010. Two third of small farms employed a
worker. The average annual income of farmers in small farm was 2,847,000 baht while
that in medium farm was 3,523,000 baht. There was no differentiation between small
and medium farm concerning water supply which came from public water source

(Thawa canal).
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5.1.3 Waste management and wastewater in swine farm

Waste management in all farms was similar, stall cleaning was carried out
daily (66.7%) and feces were collected for fertilizer production. Wastewater treatment,
anaerobic bucket filter system, was used in farm (69.2%). The biogas system was not
used in farm because the investment was high, and there was no place for construction.
In case of biogas system, the fixed dome was used (80%). The reason of installing

biogas system was usage of biogas for cooking.

5.1.4 Opinions on the joint investment in biogas system to generate
electricity

Overall opinions of most swine farmers was medium level (score 50-75%),
74.4%, and the average score of opinion was 49.38.

When considering each attitudes such as wastewater, construction and
management of clustering biogas system, effectiveness and usefulness of clustering
system biogas, cooperation in wastewater solution, and knowledge and support from
government, the results showed that farmer opinions were all at medium levels, 46.2,
76.9, 56.4, 76.9 and 46.2, respectively.

Comparison of farmer opinion average scores on the biogas joint
investment showed the opinion average scores of small and medium farm owner in all

five points were not statistically different (P>0.05).

5.1.5 Effect of personal factors on swine farm clustering for biogas
construction to generate electricity
Age and work experience in farm affected on opinion of farm clustering

for biogas construction to generate electricity (P<0.05).

5.1.6 Farm management factor on opinion of swine farm clustering
for biogas construction to generate electricity
Numbers of swine and numbers of labor affected on opinion of farm

clustering for biogas construction to generate electricity (P<0.05).
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5.1.7 Problem and obstacle on swine farm clustering for biogas
construction to generate electricity

The problem and obstacle of swine farmer in small and medium farms to
band together for biogas construction to generate electricity were complicated
maintenance. It is possible that the farmers are lacked of knowledge and the MC-
UASB biogas wastewater treatment system comprised of many components. Next,
construction sites were limited because the area was located close to the city. Finally,
the small and medium farms were scatterred over five villages; Mool, Moo 2, Moo3,
Moo5 and Moo 6, along two canals. Therefore, the investment for waste collection

system alone was high.

5.1.8 Encouragement and support from government for joint investment
on biogas system construction to generate electricity

Campaign by government should be launched to support the swine farm
clustering for biogas constructing investment to generate electricity. In the opinion of
farmers, first of all, the government should partially support budget or fund to provide
biogas system for the cluster due to high investment cost. Moreover, income of swine
farms was sometimes unstable because of price fluctuation. Farmers tend to avoid
large expenditures and reserve cash for low price period. The system would reduce
pollution in the community. Information on biogas system and its usefulness should be
educated since most farmers are lacked of knowledge. Training, such as technical
suggestion, alternative energy application, should be provided. The last support

needed was public area for construction.

5.2 Conclusion of project financial worth

A financial cost-benefit analysis of joint investment of biogas systems
for electricity generation: a case study of small and medium scale swine farm Thasadet
Sub-district Municipality, Maung District, Suphanburi Province, considered direct
benefits and costs over the project life assuming 15-year service life of the biogas

system and 8% discount rate.
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1.2.1 Estimation of benefit

Table 5-1 Estimation of benefit

o ) Market price Convert biogas | Price value
Quantitative Benefit | Day/year Amount ]

(baht) to electric (Baht/year)

1. Alternative 365 2.80 3,902 | 1.2 Watt-hour | 5,696,920

energy:electric
(Watt-hour)

2. Fertilizer output 365 1.25 2,602 - 1,187,163
from system (kg)

Total 6,884,083

Source: The result of study

5.2.2 Estimation of cost

The investment cost based on 2008, including equipment and material, and
labor costs for biogas system construction, was 12,713,900 baht. Construction fee was
20% of material and labor costs which was 2,542,780 baht. Vat at 7% was 1,067,968
baht. Designing, construction supervision and system operating and maintenance costs
before actual operation were 1,056,000 baht. Grip connection cost was 290,000 baht.
The operating costs (gas system, electricity generator and pump, motor, and labor
costs) were 219,000 baht/year with another 140,760 baht/year for 3 cleaners.

1.2.3 Financial cost-benefit analysis of investment on clustering farm
type for biogas system construction to generate electric power

Net present value (NPV) was 16,648,780.82 baht. Benefit — cost ratio
(BCR) was 1.47 times and internal rate of return (IRR) was 12.46%. They were high
which indicated that the project was worth investing.

Switching value was used for testing the changing level of benefit and cost
that will make the project be not worthwhile. The result showed that cost could
increase by 46.74% and the benefit could decrease by 31.85%. The SVT¢ and SVTg

values of the project were fairly high and, thus, the risk of the project was low.
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The payback period of the project was approximately 5 years 6 months and
that was muchshorter than 15-year project life.

Concerning fund for the joint investment in biogas system in Thawa canal,
Srakeaw district, Suphanburi provinve, one portion of fund can come from each
farmer in the form of share holder. Number of share holding depends on number of
swine. If the share price is 200 baht and there were 28,280 swines (28,280 stocks),
5,656,000 baht would be available for investment.

However, the total investment budget for the project was 17,686,848 baht.
The group can borrow 12,030,848 baht from the Energy Conservation Foundation
(rate not over 4.5% per year). The installment of loan principle and interest must be
completed within 7 years. The project dividend shall be about 70 baht/share during
the first 7 years and 140 baht/share thereafter.

1.3 Recommendations of the results

5.3.1 The joint investment of biogas systems for electricity generation of
small and medium swine farms in Thasadet Sub-district Municipality, Maung District,
Suphanburi Province will make the group be Very Small Power Producer (VSPP) for
renewable energy sold to Metropolitan Electricity Authority (MEA) and Provincial
Electricity Authority (PEA) reducing electricity generated by fossil fuel. Therefore, the
management should be done by establishing cooperative system. The farmer who
faced the obstacle of wastewater management because of lack of fund and knowhow
can band together as a group or cooperative and earn income from electricity sale with
less wastewater discharged. The members of cooperative system must buy share of the
project. The earning shall be in the form of dividend. In return, each share holder must
feed wastewater from swine farm thru collection pipe to be treated at the biogas

system site. Number of share holding should be proportion number of swine.

5.3.2 This case study can be adapted and used in other areas for
wastewater management from swine farms and be local government guideline of

project planning for environmental management. Local government can request fund
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for the environmental project from environmental foundation or government agencies.
If the action plans are approved by provincial office of the national environment board,
the budget will be supported by government under power designated to local
government. The criterion for funding is different from year to year. Moreover, the
Energy Conservation Foundation will be the prime source for fund since the
foundation’s objective are for investment and improving performance of energy
conservation and pollution problem (source from energy). The project, however, must

be heard publicly before approving by the foundation committee.

1.4 Recommendation for future researches

5.4.1 The joint investment for biogas system in term of economic benefit
and cost analysis should be investigated. The implicit benefit such as decreasing of
water pollution and foul odor from swine farms can be valued in monetary term with
valuation methods. This study focused on only explicit benefits and costs or actual
benefits and costs to the group. The economic benefit-cost analysis will provide
complete picture of the joint investment. The worthiness of a project economically

shall make that project be even more attractive.

5.4.2 The joint investment for biogas system does have another potential
tangible benefit. The group can register the biogas system as a CDM project under
Kyoto Protocol.The mechanism is aimed to encourage the developed countries to
voluntarily participate in greenhouse gas reduction in sustainable manner. As a CDM
project, the joint investment for biogas system shall be even more worthwhile

financially with additional revenue from carbon market.
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