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ABSTRACT

The objective of this study was to compare financial and economic analyses of
biogas upgrading for uses as vehicle fuel and generating electricity. Biogas in thig
research originated from 2 sources: biogas from organic waste treatment by an
Anaerobic Baffle Reactor (ABR) process and biogas from pig farm wastewaten
treatment by covered lagoon technology. The selected gas flow rates from both
sources were 150 m*/hr and 550 m*/hr. These rates were enough to produce vehicle
fuel at 60 kg/hr and 220 kg/hr, respectively, and also to produce electricity at 250 kWh
and 1000 kWh, respectively.

The period of the research project was 10 years. The investment cost included
a biogas production system (organic waste treatment/wastewater treatment), a biogas
collection system, a biogas cleaning system and a biogas utilization system.

The results showed that biogas originating from pig farms had greater profit
than biogas from organic waste from electricity production, and production power ofj
1000 kW gave greater profit than 250 kW, because of the price of electrical generaton
per unit of power production is cheaper.

Also, the results of biogas upgrading for use as vehicle fuel from both sources
and both flow rate showed that these projects are not feasible for investment because
of high investment and operational cost, as the project income equaled to the CNG
price which was considered a low price. In addition, the CNG price in Thailand does
not reflect the real price because it is subsidized by the government to promote the use
of CNG instead of petroleum oil. As a result, this project is not interesting for
investment.

KEY WORDS: BIOGAS UPGRADING/ BIOGAS UTILIZATION/ VEHICLE FUEL/
FINANCIAL ANALYSIS AND ECONOMIC ANALYSIS
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CHAPTER I
INTRODUCTION

1.1  General Introduction

At present, waste management is the existing problems in both developed and
developing countries resulted from increasing numbers of populations, economic,
industrial and commercial expansions which made waste disposal strenuous and
wastes accumulated more. Solving waste problems has become rather difficult and
created environmental impact. Therefore, all countries must have waste management
as their first priority. The Office of Environmental Policies and Planning (1996) ) has
summarized waste disposal methods in the following 3 ways:

1) Sanitary landfill is the most preferable method because easy to operate and
involved with uncomplicated technology, low operation and investment cost for all
types of waste treatments. But finding disposal sites for wastes has become the most
concerned problem. In order to handle huge amount of wastes that continue to increase
until the existing landfills are unable to receive more wastes, more sites to dispose
wastes must be found which may run into problems of higher prices of land and
finding areas large enough. Besides, this type of waste disposal can easily cause severe
environmental impacts, such as foul odor, leached, and contaminated surface and
underground waters as well as creating problems in water drainage and preventing
flood. Moreover, waste problems have turned into problems for society in community
health and hygiene and for workers as well. As being seen, problem originated by
methane is becoming the major cause in the destruction of earth atmosphere or so
called greenhouse effect. Methane is rather flammable and difficult to put out the
flame without proper management. It had been found that even waste disposal by
landfill could be done with low operation cost, it may impact environment
tremendously without proper system management. In summary, waste disposal by
sanitary landfill is unfit for Thailand even with its capability in handling many types of

wastes and more accommodating because empty lots are unavailable. Furthermore,
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land prices are rather high, including the landfill location cannot be near the
communities because it may eventually create both social and environmental impacts.

2) Incineration is the waste disposal by burning. This is one of the most
preferred methods to reduce wastes as much as 80 percent based on wastes’
characteristics that can kindle in the incinerator under the proper conditions and
temperatures between 850-1,250 ° C. The advantage of incineration is using small area
that located not too far from the community as well as capable of disposing infectious
wastes from the hospitals. But the disadvantages are high cost to set up and maintain
the incinerator and required the specialist to control the machine. Moreover, it may
create air pollution without proper management. The portion of unburned wastes and
waste residues after burning must be buried at the landfill and eventually, more areas
are needed for the landfill. The most important aspect for waste incineration is that
wastes must be able to hold minimum heat of 4,500 kj/kg and maximum humidity of
40 percent which rather post the problem for most wastes in Thailand contained
humidity higher than 50 percent because they are mainly organic wastes.

3) Composting is the process that organic matters in the wastes had been
digested by aerobic bacteria under proper humidity, temperatures and oxygen amount.
Composting can produce organic fertilizer for improving soil quality. Composting can
be done in limited area with low construction cost that required the separation of
organic wastes from all wastes before starting the process which in turn producing
recycling products, such as glasses, metals and plastics. Although wastes in Thailand
are fit for this type of disposal, this method can create strong odor from fermenting
wastes in the open area. This is why the factory must be located far from the
communities. Moreover, it can turn into the site spreading diseases and damage surface
water and underground water source as well as creating environmental impacts.

For Thailand, 10 years earlier in 1992, amount of wastes had increased by 30
percent. In 2006, amount of wastes all over the country totaled to 14.63 million tons or
40,082 tons daily, increased from 2005 estimated 0.33 million tons, composed of
Bangkok wastes 8,473 tons daily (21%). Wastes in Municipal areas and Pattaya had
amounted to 12,912 tons daily (32%) and wastes outside Municipal areas and inside

Sub-district Administration areas were 8,697 daily 47 %) . Wastes residues which
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could not be disposed within a day had caused many pollution problems and other
subsequent problems.

Sanitary landfill is one of the widely used methods to solve the existing
problems, such as leachat from wastes, odor and deteriorated landscape. With proper
design and management, pollution can be effectively reduced, but the problem from
gas created by wastes sill existed. Gases in large amount may endanger lives and
damage assets. Biogas from the waste landfill has the same main component as the
natural gas which is the main power in generating electricity in Thailand and being the
least expensive and most clean energy for factories, including being used as the fuel
for transportation. To date, biogas from the sanitary landfill which is being used to
generate electricity and for sale received financial support and promotion from the
government. If biogas can be modified to have higher methane content, it may be
substituted for natural gas. Presently, biogas has been used widely, especially with the
automobiles instead of petroleum which encountered high price in crude oil more than
122 U.S. dollars per barrel (data on June 5th, 2008) with the tendency to continue
increasing even higher. This impact has contributed to economic crisis and higher cost
of living as well as affecting the country’s competitiveness because Thailand must
import petroleum as much as 90 percent of total demand which also caused huge
burden among the Thai. This is the main force to drive all sectors into energy savings,
especially in the transportation that used most energy as high as 38% in comparison
with other sectors. In 1998, fuels which had been used in transportation industry
totaled to 388.9 thousand barrels of crude oils per day consisted of diesel for 215.3
thousand barrels of crude oils per day (55.4%) and benzene for 104.8 thousand barrels
of crude oils per day (26.9 %) and airplane fuels for 54.3 thousand barrels of crude oils

per day (14.0%) 1. In order to reduce the oil price, the government has set up many

policies, for example, altering automobile engine to use natural gas instead of using
benzene or using other substituted energies. Using natural gas is another option for
reducing amount of imported energy because natural gas over 70 percent came from
the Gulf of Thailand which cost less and had lower prices than regular fuels. It is
capable of being the substituted energy in electrical generation, for industrial and
transportation sectors as well as being the clean energy and pollution-free. Meanwhile,

by transporting natural gas through the gas pipe also helps to reduce traffic problems
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and operation cost in storing fuel. As for the current use of NGV, problem about
finding gas stations that sell NGV has become main factor in deciding whether to alter
the engine for NGV use. Large numbers of people are willing to use natural gas only if
more or enough service stations available. There is an obvious doubt whether or not
some factories that already built the site for biogas can make use of their own products
as being seen from Scandinavian countries where biogas has been used the same way
as CNG. With reasons mentioned earlier, this study aims for the feasible study for
utilization of biogas upgrading as the fuel for vehicle. Besides being the proper way to
dispose waste with the least environmental impacts, it helps to reduce methane which
has contributed to increasing more greenhouse effects than carbon dioxide 21 times.
At the same time, using biogas gas instead of regular gas has certain benefits from
reducing the amount of importing petroleum that continued to increase its price and

shattered economy in all aspects as each one of us is now facing the consequences.

1.2  Objective

1.2.1 To study technologies for biogas upgrading by increasing purity and
heating value.

1.2.2 To study feasibility for investment biogas upgrading to a fuel for vehicle
project and generating electricity project.

1.2.3 To compare financial and economic analysis between fuel for vehicle and

generation electricity.

1.3 Scope of the Thesis

1.3.1 Relevant information such as amount of waste, composition of waste,
composition of biogas and properties of gas which are research paper from various
organizations.

1.3.2 The amount of biogas for project analysis, biogas with 150 m%hr and 550
m?>/hr were selected from the following 2 sources: digester gas from organic waste and
sewage gas from pig manure.

1.3.3 The amount of organic waste and wastewater which were raw materials
for biogas production and the volume of biogas should be available for the entire

project.
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1.3.4 The physical compositions and characteristics of waste and biogas as
consistent for the entire project.

1.3.5 Financial and economic analysis show in cash inflow and cash outflow of
project such as investment, operating cost.

1.3.6 The investment of project not include land cost and without considering
biogas processing system as the project investment cost.

1.3.7 The benefits of project not include waste disposal fee.

1.4 Definite

Municipal Solid Waste is a waste type that includes predominantly household
waste with sometimes the addition of commercial wastes collected by a municipality
within a given area.

Sanitary Landfill is a site for the disposal of waste materials by burial and is
the oldest form of waste treatment.

Anaerobic Digestion is a series of processes in which microorganisms break
down biodegradable material in the absence of oxygen. It is widely used to treat waste
water sludge and organic wastes because it provides volume and mass reduction of the
input material. As part of an integrated waste management system, anaerobic digestion
reduces the emission of landfill gas into the atmosphere. Anaerobic digestion is a
renewable energy source because the process produces a methane and carbon dioxide
rich biogas suitable for energy production helping replace fossil fuels. Also, the
nutrient-rich solids left after digestion can be used as fertilizer.

Biogas is produced by anaerobic digestion — an alternative treatment option for
organic waste and wastewater from farms, agro-industries, or consists mostly of
methane (CH,) and carbon dioxide (CO,)

Natural Gas Vehicle: NGV is an alternative fuel vehicle that uses compressed
natural gas (CNG )

Digester Gas is a mixture of gases produced by the decomposition of organic
waste under anaerobic conditions from digester tank.

Sewage Gas is a mixture of gases produced in waste water treatment system

by the decomposition of organic matter.
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1.5  Conceptual Framework

Biogas from organic waste Biogas from pig farm wastewater
(ABR process)

(Covered lagoon)

150 m®/hr 550 m%/hr 150 m¥/hr 550 m%/hr

A 4
Upgrading to fuel for vehicle as same CNG

\ 4
Fuel for generating electricity

A 4

Selected upgrading technologies v
- Water wash 3 .
- Pressure swing adsorption (PSA) Process and equipment design
- Chemical absorption
- Cryogenic
v

Cash inflow of project
-Fuel for vehicle / Electricity
Cash outflow of project
1) Investment cost
- Building
- Machine & equipments
- Instrument & safety system
2) Operation and maintenance cost
- Raw material
- Salary and wage
- Infrastructure cost
- Maintenance cost

h 4

Financial, economic and sensibility analysis
-Return on investment

-Payback period

-Net present value

- Internal rate of return

- Discounted benefit-cost ratio
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1.6 Expected outcomes

1.6.1 To know biogas upgrading technology to increase its heating value for
sustainable fuel in the future.

1.6.2 An alternative for waste management in the future that it not only the
disposal of waste but can be recovery of energy from waste also.

1.6.3 An information for investor to make decision in initiates the waste to
energy project.

1.6.4 An option for reducing the imported petro fuel by utilizing renewable
energy.

1.6.5 An option for deceasing methane that causes global warming.
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CHAPTER I
LITERATURE REVIEW

The feasibility study for utilization of Biogas upgrading as the fuel for vehicle
engaged concepts, theories and relevant researches in various subjects as the
foundation and guidelines for this researches by dividing discussions into different
parts as follows:

1. Waste Definition
. Type & Composition of Waste
. Waste Management Technology for Produced biogas
. Biogas Up-Grading
. Biogas Beneficial Utilization
. Natural Gas Vehicle

. Economic Analysis

o N o o BB WD

. Relevant Researches

2.1  Waste Definition

According to the Dictionary of Royal Institute 2525 B.E. (1972), the waste is
defined as disposed items, cobweb and garbage refers to cobweb, and rotten wastes.

The Health Act of 2535 B.E (1992) defined waste as unwanted, hard or soft
materials, with moisture such as pieces of paper, pieces of cloth, plastic bags, food
containers, ashes, animals’ excrements or carcasses, including other materials
sweeping off the streets, markets, animals’ shelters or other places.

The Environmental Promotion and Preservation Act of 2535 B.E (1992)
defined waste as garbage, excrement, filthy air, pollution or other discarded dangerous
materials from pollution sources, including sediments or residues from those wastes,
liquid or gas. In academic term, waste is defined as unused materials mostly solid,
decomposed or non-decomposed, including ashes, animals’ carcasses, animals’

excrements, dusts and materials remains from homes, dwellings, other places,
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including public places, markets and factories, except human excrement and urine
which are filthy rubbish that required different methods for collection and disposal.
This research had put the emphasis on community wastes, namely, remaining wastes

from homes and business operations in the communities or municipal areas.

2.2  Type and Composition of Wastes
2.2.1 Type of Wastes
Pollution Control Department is categorized into 5 types of waste based on
methods for collecting and disposal wastes as follows:
2.2.1.1 Biodegradable waste or wet garbage such as rotten foods and
vegetables, fruits peels and organic matters easily decayed which contained high
moisture and decomposed rather quickly.
2.2.1.2 Recycle waste or dry waste such as piece of papers, piece of
clothes, glass, metal, woods, plastic and rubber. This type of waste can be incinerated
and non-incinerated. Useful materials must be separated from the waste for recycle
before throwing it away to reduce amount of waste for disposal and sale usable items
for extra earnings.
2.2.1.3 Hazardous wastes refer to toxic wastes easily corrode and
explode that require specific disposal method because or their dangerous properties
such as insecticides, batteries, automobiles, light bulbs and hairspray.
2.2.1.4 Infectious wastes are defined as wastes from the medical
processes, disease diagnosis and immunity process.
2.2.1.5 Non-hazardous wastes originated from factory process such as
pieces of plants, pieces of woods and papers and plastic
2.2.2 Waste Features
Wastes in each site contain different properties depended on economic
conditions, consumption habits or activities at the source of wastes such as amount of
community wastes in Bang Pakong basin which covered the areas of Chachoengsao,
Chonburi, Nakhon Nayok provinces. In Bang Pakong basin, it was found that wastes
contained mostly left over foods 211.33 % (by weight), followed plastic 75.76 % by
weight and papers, glasses, woods, leaves, metals and rubbers, textiles, tiles and other
wastes 73.29 %, 30.09 %, 28.59 %, 22.44 %, 16.44 %, 14.21 %, 13.84% and 14.02 %
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by weight, respectively. The areas in Bang Pakong basin as mentioned above located
287,018 households with total populations estimated 1,029,194 persons. The area
produces wastes 1,294.66 tons / day and the rate for generated wastes 5.22 kg / person
/ day as being shown in the data of Pollution Control Department (2003) ! on the
study of waste contents and amount and also estimated waste rate in Bang Pakong

Basin in Table 2.1.
Table 2.1 Compositions and amount of MSW in Bang Pakong basin

Composition
of MSW Chachoengsao | Chonburi | Nakhonnayok | Prachinburi | Saraburi Total
(% by Wight)
Food 40.36 39.99 51.27 32.53 47.18 211.33
Paper 14.27 14.06 14.30 19.46 11.20 73.29
Plastic 13.36 15.95 11.92 16.93 17.60 75.76
Glass 8.33 9.10 3.18 3.17 6.31 30.09
Metal 4.72 3.55 3.03 7.08 4.06 22.44
Rubber 3.55 3.17 1.84 5.27 2.61 16.44
Textile 3.62 3.54 2.63 2.22 2.20 14.21
Wood 4.27 4.60 8.75 6.38 4.59 28.59
Ceramic 3.27 3.03 2.25 2.99 2.30 13.84
Other 4.26 3.01 0.83 3.96 1.96 14.02
Total 100 100 100 100 100 500
Family 28,169 175,922 8,349 20,470 45,108 278,018
(household)
People (person) 128,675 565,876 29,351 69,510 235,782 | 1,029,194
MSW (ton/day) 138.42 851.28 25.01 59.82 220.13 | 1,294.66
MSW 1.08 1.50 0.85 0.86 0.93 1.044
generated
(kg./person/day)

Phetchaburi Municipality wastes contained foods remains as high as 55.34 %,
followed by plastic and paper. As being seen, Phetchaburi Municipality wastes have
higher organic contents than Bangkok Metropolis wastes with only 22 % of foods !
remains that could create more biogas from those wastes.

As for the wastes collected by Bangkok Metropolis during 10 years from 1994

to 2004, the amount of wastes tended to be larger from increasing numbers of
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population that caused changes in waste contents as well, but mostly from foods
remains. Details are shown in Table 2.2.

For amount of wastes in each community, the study of Ministry of Energy in
the project to study and demonstrate the production of electrical energy and heat from
community wastes in 200411 had identified 26 sites of wastes over 100 tons/day and
36 sites with 50-100 tons wastes/day as being shown in Table 2.3 and Table 2.4.

Table 2.2 Physical and Chemical Characteristics of wastes of BMA in 1993 to 2004 [©!

Year
Detail

1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

Paper 1540 | 13.99 | 1449 | 11.25 | 11.39 | 11.58 | 957 | 8.66 | 8.58 | 13.58 | 13.41 | 10.40

Textile 450 | 349 | 195 | 734 | 6.17 | 3.71 | 11.01 | 6.48 | 4.00 | 448 | 810 | 4.77

Plastic | 16.02 | 20.06 | 18.72 | 19.06 | 17.43 | 19.80 | 25.84 | 19.47 | 19.41 | 20.76 | 23.18 | 25.08

Wood 424 | 589 | 539 | 298 | 577 | 1451 | 789 | 6.77 | 7.52 | 659 | 853 | 6.17

Food 15.76 | 14.72 | 20.72 | 28.74 | 44.28 | 35.54 | 35.41 | 46.85 | 46.92 | 34.16 | 30.59 | 34.74

Bone 121 | 062 | 0.78 | 0.40 | 0.00 | 0.00 | 0.00 | 035 | 1.29 | 1.74 | 0.92 | 0.84

Rubber 217 | 015 | 082 | 236 | 062 | 0.82 | 215 | 0.11 | 0.78 | 2119 | 058 | 0.22

Metal 252 | 200 | 128 | 276 | 230 | 2.00 | 096 | 1.47 | 164 | 218 | 133 | 0.57

Glass 465 | 465 | 386 | 6.72 | 447 | 417 | 167 | 257 | 230 | 5.07 | 255 | 297

Ceramic | 061 | 1.11 | 1.77 | 046 | 0.00 [ 0.00 | 0.00 | 051 | 1.00 | 0.28 | 0.68 | 0.34

Other 3292 | 32.73 | 30.22 | 1793 | 757 | 7.87 | 550 | 6.76 | 6.56 | 857 | 10.13 | 13.60

Total 100 100 100 100 100 100 100 100 100 100 100 100

Density
(kg/L)

035 | 035 | 035 | 035 | 032 | 042 | 034 | 038 | 0.34 | 039 | 037 | 0.39

%RH 48.91 | 48.91 | 49.71 | 49.11 | 55.12 | 57.95 | 52.76 | 60.46 | 55.62 | 46.46 | 44.16 | 49.95

Burnable | 33.95 | 33.95 | 38.89 | 39.26 | 34.25 | 32.57 | 38.82 | 33.16 | 35.96 -—- | 43.11 | 41.50
Ash 17.13 | 17.13 | 11.40 | 11.63 | 10.63 | 11.43 | 8.42 | 6.41 | 10.64 - 12.23 | 8.52
LHV

1325 | 1325 | 1451 | 1471 | 1210 | 1130 | 1430 | 1129 | 1677 | 1946 | 1688 | 1567
(kcal/kg)
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Table 2.3 Source of MSW has over 100 tons/day |

Items Town District Province (tg/rll?(;/;/y)
1 Nonthaburicity Muang Nonthaburi 322.22
2 Chaingmaicity Muang Chaingmai 265.00
3 Pakkret Pakkret Nonthaburi 224.23
4 Pattaya Banglamung | Chonburi 210.26
5 l;:gl/(honratchasima Muang Nakhonratchasima 204.44
6 Oom-nai Krathumban | Samutsakhon 166.09
7 Khonkaencity Muang Khonkaen 156.25
8 gta;(honpathom Muang Nakhonpathom 150.00
9 Rangsit Thanyaburi Pratumtanee 149.74
10 | Udonthanicity Muang Udonthani 145.00
11 | Phuketcity Muang Phuket 143.75
12 'g:?)'/‘honsnhammarat Muang Nakhonsithammarat | 142.15
13 | Saraburicity Muang Saraburi 140.46
14 | Bangpoo Muang Samutprakan 138.00
15 | Hatyaicity Hatyai Songkhla 136.29
16 | Suratthanicity Muang Suratthani 126.32
17 | Nakhonsawan city Muang Nakhonsawan 112.50
18 | Bangmuang Muang Samutprakan 112.00
19 | Laemchabang Sriracha Chonburi 111.11
20 g:irs;oprayasurasak Sriracha Chonburi 110.97
21 | Phitsanulok city Muang Phitsanulok 107.50
22 | Samutprakancity Muang Samutprakan 106.73
23 | Sumrongtaicity Phrapradaeng | Samutprakan 105.00
24 | Lumpangcity Muang Lumpang 104.00
25 | Ludluang Phrapradaeng | Samutprakan 101.00
26 | Ayutthayacity Muang Ayutthaya 100.00
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Table 2.4 Source of MSW has 50 - 100 tons/day [

Items Town District Province (tg/rlic\i/;/y)
1 Rayong city Muang Rayong 91.25
2 Dansumrong city Muang Samutprakan 90.00
3 Samutsakhon city Muang Samutsakhon 88.89
4 Songkhla city Muang Songkhla 88.15
5 Bankhlong city Muang Chonburi 81.25
6 Chonburi city Muang Chonburi 80.10
7 Yala city Muang Yala 80.00
8 Chaingrai city Muang Chaingrai 78.50
9 Kukot city Lamlukka Pathumtanee 78.45
10 | Maesod city Maesod Tak 76.25
11 | Rachaburi city Muang Rachaburi 74.80
12 tJitb;nratchathani Muang Ubonratchathani 72.00
13 | Patong city Kathu Phuket 68.75
14 | Trangcity Muang Trang 68.75
15 | Samrongnua Muang Samutprakan 68.00
16 | Kanchanaburi city | Muang Kanchanaburi 67.50
17 | Chachoengsao city | Muang Chachoengsao 66.71
18 | Maptaphut Muang Rayong 66.67
19 | Lopburi Muang Lopburi 65.00
20 | Bangkruai Bangkruai Nontaburi 62.69
21 | Khlongluang Khlongluang Pathumtanee 61.35
22 | Chanthaburi Muang Chanthaburi 61.25
23 Bangsaotong Bangsaotong Samutprakan 60.00
24 | Samui Samui Suratthani 59.98
25 | Hua-Hin Hua-hin Prachuapkhirikhan 57.75
26 | Bangbuathong Bangbuathong Nontanuri 56.25
27 | Sansuk Muang Chonburi 55.56
28 | Singburi Muang Singburi 53.35
29 | Takhlongcity Khlongluang Pathumtanee 53.33
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Table 2.4 Source of MSW has 50 - 100 tons/day ”! (Cont.)

Items Town District Province MSW
(ton/day)
30 | Pathumpanee Muang Pathumtanee 53.00
31 | Loeicity Muang Loei 52.50
32 L(i?;nphaengphet Muang Kamphaengphet 50.00
33 | Banbung Banbung Chonburi 50.00
34 | Chumporn Muang Chumporn 50.00
35 | Sungaikolok Sungaikolok Narathiwat 50.00
Nakhonsitham-
36 | Tungsong Tungsong i 50.00
2.3  Waste Management Technology for Produced biogas

2.3.1 Sanitary Landfill

Sanitary landfill is the method of waste disposal by covering each level of waste

daily with soils or clays at proper thickness in each level as well as protecting waste

water from seeping into the underground water, having the draining pipe for waste

water after the treatment as being shown in Figure 2.1.

,.

Figure 2.1 Cross of Sanitary Landfill !

\m
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When the air from outside is unable to enter the landfill level, with the right
temperature as in Thailand, bacteria that can grow well in the anaerobic condition
would digest organic matters, creating methane and carbon dioxide. With proper
concentration and amount, methane can be used as energy. Therefore, in the sanitary
landfill area, the pipe must be installed to vent methane and carbon dioxide through
the landfill.

As for biodegradable organic matters such as foods remains, pieces of paper
that can be used for producing methane about 52 m*/tons of wet wastes® depended
mainly on the humidity.

Amount of produced methane would vary with contents of most wet wastes
and time. Table 2.5 is illustrated the contents of produced methane and landfill time.
As being seen, amount of methane in biogas has methane proportion of 50 % for over
4 years period. For Thailand which is located in the tropical with humidity proper for
the growth of microorganisms, the time for digesting organic matters to get methane

proportion of 60 percent is less than other countries.

Table 2.5 Landfill Gas’s Composition ™

Period after Landfill % By Volume
Month N> CO; CH,
0-3 SN2 88 5
3-6 3.8 76 21
6-12 0.4 65 29
12-18 - 52 40
18 -24 0.4 53 47
24 - 30 0.2 52 48
30 -36 1.3 46 51
36 — 42 0.9 50 47
42 - 48 0.4 51 48

Energy produced from wastes by using landfill gas is the production
technology developing from the sanitary landfill to reduce emission of methane
through anaerobic digestion inside the landfill in the form of green house gas (GHG)

that are now causing climate changes or global warming. Therefore, energy production
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with landfill gas as methane recovery is another option to reduce such problem and
being the substitute for fossil fuel in the energy production. Nevertheless, other factors
that should be taken into consideration are included amount of wastes in the landfill,
time for landfill (average 20 years) appropriate for producing electricity at least 1
million tons. (Reference from Landfill Methane Outreach Program: LMOP by
U.S.EPA))

2.3.2 Anaerobic Digestion

Anaerobic digestion is the disposal for organic wastes only, using the same
chemical biodegradable process for organic wastes in the sanitary landfill, but most
anaerobic is being controlled or contained in the fermented tank.

Wastes would be separated for organic matter only to reduce the size by
grinding into the proper size for the fermented tank which is the close system for
organic matters to digest in the anaerobic stage. Result from this process is biogas with

methane as main content same as landfill gas. Sample of fermented tank or anaerobic

digestion is shown in Figure 2.2.

@ R

Figure 2.2 Anaerobic Digester Tank

2.4  Biogas Upgrading Technology

Biogas is the gas generated from anaerobic digestion. Methane has economical
benefit which can be used as burning fuel. Pure methane gives out heat about 35,800
kJ/M?. Biogas with 40-65% of methane can give heating about 22,400 kJ/M?*. Heating
value of biogas depended on the amount of carbon dioxide (CO,) or the purity level of

biogas. Natural gas with the content of methane, propane and butane can give heating
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about 37,300 kJ/M?® (Metcalf & Eddy, 2003). Before the use of biogas, vapor must be
separated first to prevent it from turning into the water drop which can block the
engine fuel distribution system. For H,S, when it reacted to vapor, it would turn into
H,SO, with metal corrosive power. Process and preferred method for upgrading biogas
quality are shown in Figure 2.3. Preliminary step started with the separation of H,S,
NHs, halogenated hydrocarbon, siloxane, Oz, N, and followed by the reduction of CO;
to increase heating per capacity of biogas. Preferred method for disposal of H,S and
CO, are water scrubbing and pressure swing absorption (Wellinger, A. and Lindberg,
A, 2005). Figure 2.4 is the illustration of H,S disposal by water scrubbing and Figure
2.5 illustrates steps for CO, disposal by pressure swing absorption and Table 2.6
illustrates upgrading method for biogas overseas.

H2S, NHz, halogenated
hydrocarbon,Silosane, Oz, N3 CO;

Biogas
Upgrading

CYw A — \lehicle fuel
Water scrubbing Water scrubbing

—_—

Impregnate activate carbon Carbon molecular sieves

Biological desulphurisation Membrane

Iron choride dosing to Polyethylene glycol scrubbing

digester slurry High pressure gas separation — Fuel cells
Iron oxide Gas-liquid absorption membranes

Iron oxide wood chips

Iron oxide pellets

Selexol scrubbing

Sodium hydroxide scrubbing
Pressurised tube exchanger
Gas-liquid absorption
Membrane

Excess biogas or Emergency flaring iy
= Biogas‘ﬂam

Figure 2.3 Steps of Biogas Upgrading (Depended on utilization) ™!

2.4.1 Water Scrubbing Technology

There are two types of water scrubbing are single pass absorption and
regenerative absorption. If the water wash is without regeneration or single pass, the
water leaves the plant after the flash tank. If the water wash is regenerative the water
passes a de-sorption column where it meets air. This desorbs carbon dioxide from the
water. After the water is chilled it can be used in the process again. Carbon dioxide

can be separated with water scrubbing at an elevated pressure. The compressed biogas
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is fed to the bottom of the absorption column in which it meets a counter flow of water
Carbon dioxide as well as hydrogen sulphide is absorbed by the water. The gas that
leaves the top of the column is 95% methane and it is dried and odorised before use.
The water leaving the bottom of the absorption column is depressurised in a flash tank.
The gas that leaves the water contains a significant amount of methane and is therefore

recycled to the compressor.

Dryer

Upgrade biogas~90% CH, Biogas
> @ i Qutlet

Water

— COs;+ H,S

BNt (s i)
Ab bti 4 A% 4 3 B
sorbtion | , x4 :
tower RF T A4 Desorption tower
(regenerate of
A A AL AL dd
AR S ) water)

+§_ éﬁ* *L"L&L_L_‘.

Biogas Inlet—els > Vet by et f:*f
Compression 10 bar Lﬁ— Lai

Water pump Water pump

Figure 2.4 H,S and CO; disposal by Absorption (Water scrubbing)

2.4.2 Pressure Swing Adsorption

The PSA separates carbon dioxide as well as, oxygen, nitrogen and water by
adsorption and de-sorption on activated carbon or zeolites at different pressures. The
system consists of four adsorption columns each working in four different stages,
adsorption, depressurizing, de-sorption and pressure build up, biogas is compressed
and fed to the bottom of the adsorption column. The upgraded gas leaves the top of the
column. Before the gas is used as vehicle fuel or distributed to the natural gas grid it is

dried and odorised. This technique cans purification more than 97% methane.
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Upgrade biogas> 96% CH.

» Biogas
f A A =

Outlet
iy
L
4-bed il
Adsorber I
HE !im
i‘ﬁihiﬁiﬁiﬁ
S
QNI
Condensation
Comprassor K00l Vacuum
) —— B e M pump
Biogas Inlet A >
H.0 l CO;
Figure 2.5 CO, disposal by PSA
Table 2.6 List of selected reference plants with full gas !
Product Gas | Biogas CH, CO;removal | H,S removal
i A 2 2
e g Utilization [Production Requ:;:ment technique technique
gech Bystrica Vehicle fuel SV 95 Water scrub. | Water scrub.
Rep. sludge
Chans Vehicle fuel T 95 Water scrub. | Water scrub.
Most sludge
Liberec Vehicle fuel 33\3/326_ 95 Water scrub. | Water scrub.
2 k Vehicle fuel 7 s 95 Water scrub. | Water scrub
Tecovice sludge
France Chambery | Vehicle fuel ol 96-97 Water scrub. Biofilter/
sludge Water scrub.
Lille Vehicle fuel SovRRe Water scrub. | Water scrub.
sludge
Tours Vehicle fuel | Landfill Water scrub. | Water scrub.
The . Activated -
Netherland Collendorn | Natural gas Landfill 88 Membranes carbon
Gorredijk Natural gas Landfill 88 Membranes Activated-
carbon
Sewage- Carbon mole- | Activated -
Nuenen Natural gas sludge 88 cular sieves carbon
Tilburg Natural gas Landfill 88 Water scrub. Iron oxide-
pellets
Wijster Natural gas | Landfill 88 Carbon mole- | Activated -
cular sieves carbon
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Table 2.6 List of selected reference plants with full gas Y (Cont.)

Country City Product Gas | Biogas CH, CO removal | H S removal
Utilization | Producti | Requirement z o
on % technique technique
Switzer- | Bachenbu- | Vehicle fuel | Biowaste 96 Carbon mole- | Activated -
land lach cular sieves carbon
Otelfingen | Vehicle fuel | Biowaste 96 Carbon mole- | Activated -
cular sieves carbon
Rumlang Vehicle fuel | Biowaste 96 Carbon mole- | Activated-
cular sieves carbon
Samstagern | Natural gas Biowaste 96 Carbon mole- | Activated-
cular sieves carbon
Sweden Eslov Vehicle fuel | Sewage- 97 Water scrub. | Water scrub.
sludge
Goteborg Vehicle fuel | Sewage - 97 Carbon mole- | Activated —
sludge cular sieves carbon
Helsigborg | Vehicle fuel | Sewage 97 Carbon mole- | Activated —
sludge + cular sieves carbon
manure+
Slaughter
house
waste
Kalmar Vehicle fuel | Sewage 97 Water scrub. | Water scrub.
sludge +
manure+
Slaughter
house
waste
Linkoping | Vehicle fuel | Sewage 97 Water scrub. | Iron chloride
sludge —dosing
+water scrub.
Stockholm | Vehicle fuel | Sewage 97 Water scrub. | Water scrub.
sludge
+fish
waste
Trollhattan | Vehicle fuel | Sewage 97 Water scrub.
sludge Water scrub.
+manure
Uppsala Vehicle fuel | Sewage- 97 Water scrub | Water scrub.
sludge
USA Croton Vehicle fuel | Landfill 90 Selexol Selexol
landfill scrub. scrub.
Westchester
Co, (NY)
Fresh Kills, | Natural gas Landfill 96 Selexol Selexol
Staten scrub. scrub.
Island NY)
Puente Hill [ Vehicle fuel | Landfill 98 Membranes Activated -
Landfill carbon
Los Natural gas Sewage Water scrub. | Water scrub.
Angeles (CA sludge
Renton Natural gas Landfill Selexol Selexol
(WA) scrub. scrub.
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2.5  Biogas Beneficial Utilization

Biogas can be adapted for use in different ways such as generating electricity,
cooking foods, lighting a lamp, and using with engine as being shown in Figure 2.6
and the heating value from 1 M2 of biogas as compared with other types of fuels is
shown in Table 2.7. Obviously, it is feasible for biogas to become the substitute
energy by expressing in the form of biogas demand for different fuels in Table 2.8 as
well as providing biogas for different use.

Lighting a lamp

50Win7hr
Fuel for engine Heat for cooking
2 hr in 3 times
Refrigerator Biogas Electricity
300Liters3hr +———— 1 M° > 1.25 kW

Figure 2.6 Biogas for use in difference way *

Table 2.7 Comparison of Heating VValue between biogas and other fuels

Fuel Unit HHV (MJ (Kcal))
Landfill Gas M? 20 (4,800)
Electricity kWh 3.6 (840)
Kerosene Kg 38 (9,100)
Diesel Kg 43 (10,300)
Butane Gas Kg 46 (11,000)
Biomass Kg 20 (4,800)
Manure Kg 8.8 (2,100)
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Detail Unit Biogas (M?)
Cooking Per people 0.5/day
Lighting 40 Walt 0.13/hr

Gasoline Engine Per Hp 0.45
Diesel Engine Per Hp 0.45
Refrigerator Per m3 1.2

Biogas can be adapted for use widely as same as natural gas. (Look at Table 2.9)

Its purity depended on the utilization purposes and machinery standard in Table 2.10.

Table 2.9 Characteristics of Biogas and Natural Gas

Parameter Unit Natural Biogas
Gas (60% CH,, 38%
CO,, 2% other)
Calorific value (lower) MJ/M3 36.14 21.48
Density Kg /M3 0.82 1.21
Wobbe Index (lower) MIM. 39.9 19.5
Max. ignition velocity m/s 0.39 0.25
Theory air requirement Mgair/Mggas 9.53 5.71
Max. CO2 conc. in stack gas vol% 11.9 17.8
Dew point OC 59 60-160

Table 2.10 Suggestion for Biogas Upgrading (depended on the utilization)

Application H S CO, H O
Gas heater (boiler) <1,000 ppm no Recommended
Kitchen stove Yes no Recommended
Stationary engine (CHP) <1,000 ppm no Yes
Vehicle fuel Yes recommended Yes
Fuel Cell Yes yes Yes
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Biogas utilizations are categorized in 4 groups as follows: heating (fuel for
water heater), stationary engine (combined heat and power, CHP), vehicle fuel (quality
depended on each country’s laws). Look at Table 2.11

Table 2.11 Quality demands in different countries for utilization of biogas as vehicle fuel

Parameter Unit France | Switzerland Sweden
Wobbe index lower MJ/M3 45.5
Wobbe index upper MJ/M3 48.2

; 0 0
Water dew point C 5 C lower than the lowest

ambient temp

Energy content upper KWh /M3 10.7
Water content, max. - /MS 100 5 32
Methane, min. Vol% 96 97
Carbon dioxide, max. vol% 3
Oxygen, max. vol% 3.5 0.5 1
Carbon dioxide + vol% 3 3 3
0Xygen + nitrogen, max.
Hydrogen, max. vol% 0.5
Hydrogen sulfide, mg/MS A 5 23
max.
Total sulfur mg/M3 14.3
Particles of other mm 5
solid contaminants,
max. diameter
Halogenated ° 1 0
hydrocarbon mg/M

2.6 Natural Gas Vehicles [*°]

Natural gas vehicles or NGV derived from compressing natural gases (mostly
methane) until the pressure is approximately 3,000 pound per square inch (as high as
240 times of atmospheric pressure) before storing in extremely strong and durable
barrel such as steel to be used as substitute fuel for benzene or diesel for different type
of vehicles, so called compressed natural gas (CNG).

Vehicle that used natural gas had been developed since 1990 by a Frenchman
named Jean Etienne Lenoir. During that period it was not quite popular. Until the

advent of WWII and the oil crisis in 1973, oil price had increased much higher until
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created more use of natural gas as the substituted fuel. Many countries are aiming for
reducing problems by promoting and encouraging the use of NGV, whereas the
countries that most vehicles already used natural gas have the tendency to use more.
These countries are the United States of America, Australia, Japan, Indonesia and
Korea. As for non-NGV countries, such as Hong Kong, Singapore, including
Thailand, their governments are promoting the future use of NGV.

Using natural gas for vehicle fuel has been done for more than 80 years. Italy
was the first country to use natural gas with their vehicles. To date, more than 300,000
vehicles in Italy used natural gas and already spreading to other countries in South
America, for examples, Argentina. The number of vehicles used natural gas amount to
1,400,000 vehicles, considering number one in the world. In North America, the use of
NGV applied to 130,000 vehicles in the United States, and 20,000 vehicles in Canada.
In Asia, there are countries used NGV such as China, Japan, Korea, Taiwan, Malaysia,
Indonesia, India and Pakistan, including Africa countries, Egypt with estimated 62,000
vehicles used NGV. Presently, over 4.7 million vehicles are using natural gas as
vehicles fuels.

2.6.1 Properties of Natural Gas

Natural gas has hydrocarbon element which composed of carbon (C) and the
hydrogen captured as molecule. It happened naturally from the accumulation of
carcasses along the rock, soil and sea levels for million of years same as petroleum
that had turned to gas from the heat and earth surface pressure. Natural gas is colorless
and odorless (except added odor to detect the leak) and non-toxic. In normal condition,
it remains gas or vapor at the regular temperature and pressure with the specific weight
lower than the air. Then, it is lower than the air. It spreads quickly in the atmosphere
quickly when it is leaking which never caused blazing on the ground.

Differences between natural gas and liquefied petroleum gas (LPG) are as
follows:

Natural gas is the element of hydrocarbon which contained methane mostly.
Generally, methane is lighter than air and transporting natural gas can be done through
the pipe as high pressure gas which unfit for long distance transport or packed in high
pressure barrel or so called CNG. At present, natural gas can be sent as liquid gas by

cooling it down to -160 ° Cto get liquefied natural gas (LNG) which capable of
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transporting by ship in far away places. When it reached the destination, before using
it, the liquid must be turned into natural gas with octane as high as 120 RON for being
used as vehicles fuels.

LPG is hydrocarbon element with propane as its content mostly which is
why LPG is heavier than the air. LPG has no color, no odor same as natural gas, but
because it is heavier than the air, LPG can burn easily. Therefore, odor is added as the
warning in case of LPG leakage. LPG is mainly used as household and industrial fuels
by packing as liquid in the barrel resisting pressure and easily for transporting.

Furthermore, it is preferred to be used in the automobile because less expensive with
octane as high as 105 RON.
Table 2.12 Properties of NG and LPG

Properties NG LPG
Status Gas (Density < ain | Gas Density > ain
Boiling Point ® C) -162 -50 to 0

Flame Point ° C) 540 400
% b)?g/rglume) N = 15
Low 5 15

Octane 1/ RON2/ 120 105
MON3/ 120 97

2.6.2 Natural Gas Utilized Vehicles versus Environmental Effects

The problems from increasing earth’s temperature together with many
countries’ efforts to reduce green house gas, including more attention on pollution
problems and quality of air in own country have lead to the strict measures for
vehicles’ gas emission, but not enough for upgrading the quality of air until the
environmental-friendly fuels are being used.

Because natural gas gives cleaner burn than any kind of fossil fuels used
worldwide, the use of natural gas as the fuel for vehicle has been promoted. One of the
advantages of using natural fuel is its cleanliness and no threat to the environment.
The countries that have already used natural gas with the tendency to use more are
Australia, Japan, Indonesia and Korea. As for the non-used countries such as Hong
Kong and Singapore, their governments try to encourage more use in the future.
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The governments in various counties had encouraged the use of natural gas
with vehicles through import tax reduction, both in the equipments to upgrade engine,
compressor, including tax exemption for automobile industry that used natural gas. Up
to now (end of 1999), there had been 1,250,886 vehicles worldwide used NGV. The
first 5 countries most used NGV are Argentina for 450,000 vehicles, 205,000 vehicles
in Russia, 88,594 vehicles in United States and 60,000 vehicles in Brazil.

Testing amount of emissions released by the vehicle that used fuels other than
the natural gas was conducted by the Research and Development Institute Saibu Gas
Co., Ltd. It was found that vehicles that used natural gas released less carbon
monoxide, hydrocarbon, nitrogen oxide, and carbon dioxide than vehicles used
benzene. Natural gas used vehicle released nitrogen oxide only 300 ppm, whereas
benzene used vehicle released nitrogen oxide as much as 1,400 ppm. However, after
comparison with LPG used vehicle, natural gas used vehicle would release a little bit
more carbon.

Table2.13 Comparison of Emission with NG, LPG and Gasoline used vehicle at

speed 300 prm
Emission Natural Gas LPG Gasoline
Carbon monoxide 0.04 0.04 0.08
(% by volume)
Hydrocarbon qppm) 1,700 1,600 2,200
Nitrogen oxide qpm) 300 900 1,400
Carbon dioxide 8.5 11.7 14.5
% by volume)

2.7 Economic Analysis

Finding criteria to analyze project suitability for making investment decision in
the project to produce merchandises or services, neither private nor government
sectors, suitable or non-suitable required the analysis in investment cost and cost-
benefit to know the rate of return of the project as the instrument helping investors
making their investment decisions.

As for public sector, maximize profit is another motive to verify and analysis

before actual operation. Therefore, analysis on rate of return from the project is the
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financial appraisal versus investment capital by using prices of products and
production from the calculation as market price

As for government sector, besides making similar financial analysis as the
private sector, the effects towards the public and private sectors must be taken into
consideration such as distribution of income, hiring, and environment. Therefore, the
objective of project analysis is to maximize social benefit. Then, the analysis of the
project rate of return must be wider than private sector and prices of products with
production factors are being used to calculate economic price that reflected the actual
loss of opportunities from merchandising and production factors. Whether being the
government project or public project, the analysis on rate of return of the project used
the same principles for cost-benefit analysis. If the calculation yield higher benefits
than cost, the project is worth investment. On the contrary, the project is not worth
investment if the benefit lower than cost. However, the calculation for benefits and
costs of the project to find the rate of return can be done with many criteria as follows:

2.7.1 Rate of return on investment is the simple method to express project

values in percentage of net operation return versus investment.

Rate of return on investment = (benefit/ investment)x 100 ..................... (2.1)

The criterion for selecting project is the rate of return on investment. If the
calculated RRI is low, it may take many years to reach the break-even point. On the
contrary, high RRI would take less time. Therefore, this method is unable to find the
length of return on project investment as desire.

2.7.2 Net present value (NPV) is the project analysis by determining the
discount rate in advance and then reducing benefits and cost each year to derive at net
present value. Then making comparison between overall net present value of the

benefit and values of project cost.

n Bt B n Ct
NPV:;: ey ;(“ R e (2.2)

The criterion for calculation is positive NPV indicated worthy project for

investment, and vice versa, the project with negative NPV or lower than zero is not

worth investing.
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2.7.3 Internal rate of return (RR) is the financial analysis of the project by

calculating the discount rate that made the overall values of benefits as equaled as the
present value of overall cost or discount rate that made NPV equaled to zero. Such rate
is the rate for investment ability to generate income worth investment.
"B, -C
IRR = L = 0 2.3
2 @1+ 23)

t=0

The criterion derived from the comparison of calculation results with interest
rate in the money market or investment worth. If IRR valued higher than interest rate,
the analyzed should yield good results. On the opposite side, lower IRR than project
interest rate may yield inferior results.

2.7.4 Benefit-cost ratio (B/C ratio) is the ratio between total present values of

benefits versus total present value of investment cost.

\ > PV of Benefit
B/Cratio = &S=———— ..., (2.4)
> PV of Cost

The criterion under the consideration is B/C ratio. The project‘s benefits are

more than project expenses when the calculated B/C ratio is higher than 1. On the
contrary if B/C ratio is less than 1, the project is not worth investing.

2.8 Relevant Researches

Kiedtipong ™ who conducted the study on the feasibility of establishing
factory for processed floor cover surface from high density plywood fiber had
discovered the analysis on proper productivity of the project estimated 2,400,000
square meters annually by judging from a group of materials to cover the floor, import
market expansion capacity and research results in market segment. Suitable location
was selected at Homsil sub-district, Bang Prakong district, Chachaoensao province
with total areas of 7,134 square kilometers by scheduling project operation for 10
years. The project had started in January 2002 with investment capital of 217,959,468
baht. In the first year, the productivity was approximately 1,198,080 square meters and
increased to 2,396,160 square meters every years after that, having the rate of return
on investment as follows: overall rate of return on investment 69.82 %, rate of return

on investment for stockholders 10.58 % selling values at the break-even point
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75,425,553 baht, selling volumes at the break-even point 251,419 square meters/year
and pay back in 1 year 11 months

Sukhum!® studied the feasibility of establishing the picture frame factory that
used pieces of out-dated monies from the Bank of Thailand as the raw materials.
Findings suggested the market demand for proper productivity estimated 400,000
pieces yearly. Project was set for 5 years with the total investment capital of
32,719,277 baht and production capacity at 20,000 pieces in year 1* and 400,000
pieces in year 2™ to year 5". Return of investment was the following: overall rate of
return on investment 136 pieces per year, and pay back within 2 years 2 months.

Sukanya ™7 conducted the feasibility study of investment at the plastic
production factory at Khonkaen province by studying the market, techniques and
finance. Study results in financial aspect indicated that rate of return on investment
was 4.94 % lower than the specified rate of return 16 %, and pay back within 8 years2
months for 10 years period of operation. From the sensibility analysis of rapid
reduction in production cost from 1 % to 20 %, the rate of return on investment
appeared to be 12.81 %to 19.33 %, respectively.

Wassana '8 studied the feasibility of the construction of satellite station with
the purpose to learn the general conditions of the project, both in marketing and
finance by putting the emphasis on costs and benefits of the investment to see whether
or not it worth investment. Findings from the study indicated that the project had the
present net value of 2,280,527,160 baht. The benefit ratio per investment cost was
equaled to 2.36 times and the internal rate of return of investment 28.84 per year,
whereas the discount rate 11.75 % per year. Therefore, all indications proved that such
project worth investment.

Yuppares ¥ conducted the analysis on financial return on investment in the
production of drinking water by one of state enterprises at Chiangmai with the purpose
to find the suitability in the company investment which would increase the return of
investment 15 % from the year 2001. Also, the estimated operational cost was done by
determining the increase of mean investment at 5 % yearly. Findings indicated that the
present net value was equaled to 675,891,274.96 baht with the project internal rate of
return 21 %, whereas the rate of return on investment appeared to be 1.41 %t and pay

back within 4 years 11 months, with the discount rate 10 percent.
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Pakorn ™ conducted the feasibility study in recycling the used aluminum cans
in Thailand as different channels for using aluminum wastes. Findings indicated that
this process had the break-even point less than a year and the study was also done with
the selling price at the productivity from 4,000 -8,000 tons per year to find the suitable
price at 80-85 baht per kilogram. The outcome of return rate 26.4-79 % which could
save as much as 93 % of energy used in the production of new aluminum. This is the
way to spend resources economically as well as reduce amount of unwanted wasted
and decrease pollution releasing into the environment.

[l studied business investment of business sectorin waste

Yupin and Nukul
disposal: economic analysis to improve environment quality in Bangkok Metropolis.
Findings indicated that waste disposal by building factory to incinerate wastes in
private sector was not worth doing it. Project feasibility could happen only with
support from the government. Even with high cost of investment, the benefits to
society and problems in finding areas to unload wastes proved the worthy and
feasibility of the future projects

Karun studied waste management through recycling and the feasibility of
economic investment. It was discovered that the recycle materials were separated for
selling to the factory and the organic wastes were eliminated with bio-process. Results
from waste management of 200 tons daily, there was recycle materials of 52 tons per
day, 11 tons of composted fertilizer daily and 1.4 MW-hr of electricity, generating the
annual revenues of 47 million baht. Project was scheduled for 25 years with
investment capital of 335 million baht. Moreover, the loan was made from
environmental funds with the interest rate of 6.8 % per year for 20 years loan payment.
The fee for waste disposal was 300 baht per ton. Pay back approximately 9 years, and
the present net value 84 million baht with the discount rate 12 % and the rate of return
on the project estimated 27 %.

Energy Research Institute of Chulalongkorn University 2

studied project
feasibility of lignite gasification to be used with combine cycle power plane. Findings
indicated that in the future, IGCC power plane that used Mae Mor lignite as the source
of energy may have to watch for regulations on air pollution and financial limitations

on foreign reserve for importing fuel. Besides economic aspect, the selection of IGCC
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power plane should be another alternative worth studying in the next 5-10 years, along
with other high power houses.

Somrat!®® assessed the potential of waste in Thailand versus the
implementation of gas fuels to produce energy for waste management. Findings
indicated that such technology could be adapted for use together with RDF process
which should be encouraged in the country for the place with the daily production
capacity 50 tons and energy production under 1IMW.

Operational Center of Energy and Environmental Engineering, Kasetsart
University "?studied the feasibility for producing Methane from municipal solid
waste for the fuel. Findings indicated that using wastes to produce fuel for engine
internal combustion was the most appropriate. Preliminary, engine size 435 kW was
chosen for producing the electricity by assessing from the amount of gas at the
sanitary landfill at Kampaengsaen district which had installed 2 sets of electrical
generators. As for Nakornratchasima Municipality sanitary landfill, there was enough
gas remained for use with lengine 435 kW. As for the sanitary landfill at
Nakornsawan province, the amount of waste must be accumulated more, at least 1-2
years from now enough to use with 1 electrical generator 435 kW.

Faculty of Engineering, Environmental Engineering, Chiangmai University [24]
studied the guidelines for beneficial use of landfill gas for the Pollution Control
Department. Findings indicated that the model to create landfill gas at Chiangmai
Municipality area had better chance for methane delivery at higher portion in the rainy
season than the dry season. Then, the organic matter would be changed at the highest
level during the landfill reached 2 years and landfill gas should be enough when 2 x 40
kW electrical generators were installed at sub-district sanitary landfill. For city
municipality sanitary landfill, four 110 kW electrical generators were installed and
installed 12 x 150 kW electrical generators for provincial municipality sanitary
landfill. Moreover, 6 x 500 kW electrical generators were installed for city center
waste treatment at the selling rate 1.59 baht per kW that pay back within 5 to 18 years.

Suphasoke %!

studied the utilized biogas to absorption chiller and compressive
chiller with mathematic model that apply to visual basic program. The result from
economic model at capacity 500 kw, 750 kw, 1,000 kw, 1,250 kw and 1,500 kw has

COP value from absorption chiller and compressive chiller equal to 0.78 and 4.07
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respectively. For 1,000 kw, absorption chiller had lower the present net value of -
27,095,679 baht and -35,692,033 baht for compressive chiller.

0. Jonsson % studied the biogas upgrading and use as transport fuel that wide
of use in EU especially Sweden and Switzerland. All of the biogas plants in Sweden
that are in the planning or construction phase will be equipped with possibilities to
deliver a biogas that is upgraded to natural gas quality, either for direct use as vehicle
fuel or for injection into the natural gas grid. The development of biogas as vehicle
fuel in Sweden is a result of a combination of a surplus of gas from biogas plants,
primarily at the sewage treatment plants, and a low electricity price that forces the
biogas into markets other than electricity production

Margareta Persson®” studied the comparing different biogas upgrading
techniques. There are several techniques that can be used to upgrade such as water
wash, pressure swing adsorption (PSA), selexol and absorption by chemical reaction.
In Sweden, the majority of upgrade biogas are water wash and PSA technology. Both
techniques not require chemical and achievable purity more 95% methane but
hydrogen sulphide needs to be pre-separated before feed to vessel for PSA. The cost to
upgrade biogas is about 0.30-0.40 SEK/kW for100 m3 biogas/hr and0.10-0.15
SEK/KWh for 200-300 M? biogas/hr.

Erdgas OO & who run Austria’s first biogas project and Ferngas AG is
supported biogas up-graded to natural gas quality. They are converted biogas to
natural gas from 10 m3/h of raw gas, about 6 M*/h of purified biogas is produced and
distributed. The biogas is completely purified from H,S any remaining by activated
carbon. CO; is adsorbed by PSA technology. Methane, which has less affinity to the
adsorbent, leaves the plant with a methane concentration of 97% and is injected into
the gas grid at the transfer station.

Anneli Petersson 2% studies biogas as transport fuel- upgrading techniques and
application. The most commonly used techniques are water wash, pressure swing
adsorption (PSA) and chemical absorption. In Sweden, there are 32 upgrading plants,
22 used water wash, 7 used PSA and 3 used chemical absorption. Cost of operating
can be estimate to 1.7 €cent/kWh.

J.D. Murphy and K. McCarthy B studies optimal production of biogas for use

as a transport fuel in Ireland that was analyzed from technical, economic and
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environmental. Biogas may be produced at a centralised anaerobic digestion (CAD)
facility, accepting agricultural slurries plus a portion (typically 20%) of municipal
waste such as the organic fraction of municipal solid waste (OFMSW). Alternatively,
OFMSW may be the sole feedstock utilised in the dry anaerobic combustion
(DRANCO) process. Importation of green electricity to satisfy parasitic electrical
demand and the burning of biogas to satisfy thermal demand was found to be more
advantageous than using biogas in a combined heat and power (CHP) plant to cover
parasitic electrical and thermal demand. The DRANCO process produced more fuel
than the CAD process due to the lower thermal demand of the digester. The economics
of the DRANCO process were superior to the CAD process due to the greater gate fee
(it is assumed that no gate fee is obtained from agricultural slurry) and the greater
quantity of biogas available for sale. The DRANCO process leads to greater
greenhouse-gas savings than the CAD process due to the displacement of more
OFMSW from landfill and more petrol from transport. The options when applied to
Ireland could lead to a substitution of 1% of petrol and diesel and to a 12% reduction
in greenhouse-gas emissions from the transport sector.

Viktor Popov Y studies a new landfill system for cheaper landfill gas

purification. The new system offers more control over the processes of anaerobic

digestion and biogas extraction than conventional landfills. As the new system reduces
the air ingress the landfill gas purification process becomes cheaper. The new system
can be implemented on existing landfills, as it is sufficient to modify only the top
cover of the landfill, which is the surface with a significant air influx. As the new
system makes the landfill gas treatment cheaper and more efficient, it would be
possible for many landfills to be converted to landfills where the landfill gas
utilization would be profitable, increasing in this way the use of renewable energy
sources and reducing the greenhouse gas emission.

Kranoksak leamopas, Kietkrai Aryuwat and Boonma Panpradit®? studied
electricity production with methane from the sanitary landfill. The amount of biogas
was assessed by applying the theory through the computerized program, energy
project landfill gas utilization software (E-plus) of United States Environmental
Protection Agency (USEPA). Amount of biomass assessed with this program was

equaled to 2.083 x 106 M*/yr. Moreover, a group of researcher had assessed both
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quality and quality of biomass from On-nuch sanitary landfill through the exploration
with the thermal probe (hot wire) and LANDTEC gas meter. As a result, from 40
holes of methane dug up, the amount of methane was 306 M*/hr suitable for producing
electricity 435 kW. From preliminary assessment, fixed cost for producing electricity
was 30.65 million baht and variable cost of 3.85 baht for 15 years project.
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CHAPTER I
MATERIALS AND METHODS

Since one of the objectives of this study involved with the comparison of
project returns between the utilization of biogas upgrading as vehicle fuel and
generating electricity in exactly same amount through the feasibility analysis of
investment .The analysis focused on the project financial and economic analysis. The
analysis tools used as the decision criteria for project investment are as follows;

- Return on investment

- Payback period

- Net present value

- Internal rate of return

- Discounted benefit-cost ratio

This research was assessed by the investment prospect in the project to convert
biogas into energy in both forms, starting from biogas production process such as
wastewater treatment pond, organic waste composting tank, gas collection and storage
system, gas pipeline and safety equipment. There are considered as the project
investment cost. This study assumed that biogas production is continuous throughout
the entire project.

As for vehicle fuel production, the project income as from the sale of upgraded
biogas. Assumption was made for the sale price similar to CNG price based on the
announcement of administration committee on food and energy ?® at 8.50 baht per
kilogram until the end of the year 2008 before increasing to 12 baht per kilogram in
2009 and 13 baht per kilogram in 2010. While the income from electricity production
project was from the electrical cost charged to the provincial electricity authority in
VSPP system.

The benefit and cost incurred from the project were taken for calculation to

find 5 criteria for economic consideration mentioned earlier through investment
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comparison in both projects with 10 years project duration and 10 and 7 percent

discount rate for financial and economic analysis, respectively.

3.1  Biogas Volume

For the purpose of this research, the investment in electricity production of 250
kW, the smallest electrical generator and 1000 kW the electrical generator with the
lowest economic of scale were under the study. Therefore, biogas volume of the
project had been considered from the size and specification of generator. In the vehicle
fuel production, same amount of biogas was applied in the study.

Gas engine generator under the brand name “Jenbacher” was chosen for the
research because of its popularity and high efficiency in generating electricity with
biogas at 250 kW (Model: Jenbacher 208 GS) and required 2,500,000 BTU/hr whereas
biogas at 1000 kW (Model: Jenbache 320 GS) needed about 10,000,000 BTU/hr.
Therefore, used biogas volume must be plenty and available continually until the end of
the project. Biogas from different sources would yield different amount of energy as

being shown in Table 3.1.

Table 3.1 Composition of 3 Biogas Sources

Component/Source Landfill Digester Sewage
(Vol.-%) (Vol.-%) (Vol.-%)

Methane (CH.) 40 -55 55-75 50-90
Carbon dioxide (CO,) 30-40 25 -45 10-50
Nitrogen (N2) 2-25
Oxygen (O,) 0-5
Hydrogen sulphide (H,S) <1 <1
Water vapour (H.0) 4-7 4-7 4-7
HHV ( BTU/ft) 400 550 600

The differences in biogas volume required for 250 kW and 1000 kW which
derived from organic waste digestion and waste water from pig farm would make
investment cost for each biogas production system also different. According to th
composition of biogas from Table 3.1, the volume of biogas required for electricity

generation are shown in Table 3.2.
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Table 3.2 Amounts of biogas for this study

Volume of Biogas ( m*/hr)

Source of Biogas

250 kW 1000 kW
Organic Waste 150 550
Pig manure 150 550

According to the study of the Department of Energy Replacement and
Conservation®! in biogas production from waste, biogas production with waste
digestion, grinding and composting through Anaerobic Baffle Reactor (ABR) to
produce biogas 150 m*/hr and 550 m*/hr required waste in the amount of 45 tons and
160 tons organic waste/day, respectively.

Digester gas from organic waste 150 m*/hr

or 150 X 24 = 3,600 m*/day
Biogas Yield 0.6 m3/kg TVS
TVS 3,600/ 0.6 = 6,000 kg TVS/day
TVS 36% of kg TS
TS 6,000 / 36% = 16,666.7 kg TS/day
TS 40% of kg Waste
Organic waste 16,666.7 / 40% = 41,666 kg/day

or 41.66 Tons Waste /day

As for amount of TS in the organic waste, it remained at 35-45% depending on
waste components in each area. Therefore, suitable amount for producing biogas 150
m?*/ hr estimated 45 tons wastes /day.

Biogas derived from digested pig manure was assessed the same way as
assessing biogas from waste. Since characteristics of pig manure is different from
those of waste as being shown in Table 3.3, it requires the use of 225 and 825 ton/day

of pig manure to produce biogas 150 and 550 m*/hr, respectively
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Table 3.3 Characteristics of pig manure ¢

C:N Biogas Yield | Retention | % CH,4
Ratio | (m®kgTVS) | Time (day) | Content

Pig Slurry 3-8 70-80 3-10 0.25-0.5 20-40 70-80

Feedstock | % TS % TVS

3.2  Selection Criteria for Improving Biogas Quality
Nowadays, the technology for upgrading biogas to increase its heating value
which means higher methane has been done with many methods based on both
physical and chemical properties. For the purpose of this research, assessment was
performed to select technological application by considering various aspects of
technology as follows;
- CHg-enrichment
- O,/N; enrichment
- CHy loss
- Product gas dryer required
- H,S pre-cleaning required
- Waste gas treatment required
- Utility demand (power, water, cooling water, chemicals)
- Power demand approximant
- Level of emission (waste water, offgas, waste)
- Capital cost
- Running cost
Biogas upgrading technologies that consist were assessed in this study of water

scrubber, pressure swing absorption, selexol scrubber, membrane process and cryogenic.

3.3 Systems of Biogas Quality Improvement for Vehicle Fuel Project

Utilization of biogas as the fuel for vehicle involves with many systems, for
example hydrogen sulfide removal, humidity reduction, safety system, biogas flare and
changing biogas into other forms of energy. The process for biogas quality
improvement for vehicle fuel can be explained by the flow diagram shown in Figure
3.1.
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Figure 3.1 Flow Diagram of Biogas Quality Improvement for being Vehicle Fuel

1 Biogas production
- Anaerobic baffle reactor (ABR) for organic waste treatment
- Covered Lagoon for waste water treatment of pig manure
2 Building consist of;
- Control room (Completely Scaled)
- Equipment & machine room (Floor, Roof, and Fence)
- Area for H,S removal & biogas flare (Floor)
3 Machine & Equipments
- Biogas system
- Biogas header
- Drain trap
- Water removal: cooling system
- H,S remover (dry process)
- Flare system
- Piping work

- Electrical and control
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- Biogas upgrading technology
- Compressor CNG & CNG storage
- Dispensing process
4 Instrument & Safety
- Inline flame arrestor
- Pressure switch high / low alarm
- Thermometer
- Pressure gauge
- Thermal mass flow meter & sensor
- CH, detector alarm
So, investment cost of project to improve biogas quality for being vehicle fuel
consists of 4 systems as mentioned earlier.
In addition, operation and maintenance cost are composed of;
1) Salary and wage

- Operator 1 positions
- Mechanical engineering 1 position
2) Infrastructure cost electricity, water, telephone)

3) Maintenance cost
4) Miscellaneous
As for benefit cost of the project, biogas after being processed for high purity

would possess the same property as natural gas to be further process for compresses
natural gas (CNG) for vehicle fuel. The calculation for return on fuel vehicle project as
compared with CNG was 8.50 baht per kilogram at May 1, 2008 and adjusted price in
accordance to the announcement of the Commission of Food and Energy by giving
CNG 1 kilogram yielding heat energy 35,000 BTU.

3.4 System of Project for Electricity Generated from Biogas for Grid Line.
This project consist of the following system;
1. Biogas production system as same as biogas to fuel for vehicle project.
2. Biogas cleanup system as same as biogas to fuel for vehicle project.

3. Instruments for safety system as same as biogas to fuel for vehicle project.
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4. Gas engine and generator for produced electricity
- Control box
- Synchronization to grid line system
- Cooling system and lubricant system
- Building
- Power Generator

The electricity generated from biogas can be estimated by equation 3.1

Electricity kW-hr) = Energy value of gas BTU/hr) x Eff. Of Generator ...... (3.1)
3,413
The process for electricity generated from biogas for gridline can be explained
by the flow diagram shown in Figure 3.2.
5. Operation and Maintenance Cost as same as biogas to fuel vehicle project.
The income of this project is the electricity generation through the line based
on the conditions of the Metropolitan Electrical Authority or the Provincial Electrical

Authority determined for Very Small Power Producer (VSPP).

Biogas Biogas
Production . » oS Removal g Header
v
Flare
\ 4
Power Electricity Power
Transformer [€ 480 V < Generator
A 4
Electricity Power to
22 KV > Grid

Figure 3.2 Flow diagram of Systems Electricity Generated from Biogas for Grid
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CHAPTER IV
RESULTS

Biogas from organic digestion of both waste and pig manure contains methane
gas used for fuel in different rate as being mentioned in greater details in previous
Chapter 11 and Chapter Il1. In this research, biogas production was considered as part of
project investment cost. However, at this point, the research would not present too much
detail in the process and design because it is commonly practiced. Instead, cost for
producing biogas from the study of developed biogas production from domestic waste
by the department of energy replacement and conservation was chosen as the start up
cost for the biogas production process. Later, biogas would be collected and further sent
to various processes in the flow diagram as shown in Figure 3.1 and 3.2.

Biogas production process based on the recommendation of department of
energy replacement and conservation was done in 2 steps, namely, production system
with rotating evaporated organic acid and anaerobic buffer reactor (ABR) equipped
with sediment pond for separating water and sludge from the system as being shown in
Figure 4.1 with cost for waste disposal 230 baht per ton organic waste.

As for biogas production from pig manure, covered lagoon was conveniently
used with low investment cost and quite popular among cattle ranches. However, the
system required large area to build waste water treatment pond which rarely caused
problem because most farms occupied large areas and located further away from

community. Such waste water treatment usually cost 350 bahtm?® of waste water and

cost for covering pond with HDPE is equal to 350 baht / m?.
Assessing results of biogas origin in Chapter 3 could be concluded with cost of
biogas production as project investment cost as being shown in the Table 4.1.
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Table 4.1 Investment cost of biogas production

Detail Biogas from MSW Biogas from Pig Manure
etails
150 m3/hr 550 m3/hr 150 m3/hr 550 m3/hr
Amount 45 Tons 160 Tons 225 Tons 852 Tons
(per day)
350 Baht/ m® Waste Water *
Cost 230 Baht/ Tons MSW- | 556 5ot/ m? HDPE’s Covered**
Time 10 Years
Investment
Cost (Baht) 37,775,500 | 134,320,000 1,406,250 5,156,250
Note: * Volume of waste water = kg TS x 2% for concentration of manure feed to Pond
** Depth of pond 3.5 m

Project analysis was divided into 2 parts consisted of financial analysis and

economic analysis for 4 projects:

Project Flow rate (m°/hr) Source of Biogas
1 150 Gas from organic waste
2 150 Gas from pig manure
3 550 Gas from organic waste
4 550 Gas from pig manure

General assumptions for analysis financial and economic projects are presented
as follows:
- Calculation has been made to find project return based on the discount cash
flow throughout project period of 10 years, started from 2008-2017.
- The volume of biogas should be continually available for the entire project
period and the quality of biogas should be consistent.

4.1  Selling Electricity Generated from Biogas to Gridline Project
Electricity generation through the line based on the conditions of the
Metropolitan Electrical Authority or the Provincial Electrical Authority determined for
very small power producer (VSPP) to produce maximum electricity of 10 megawatts.
Details and steps for additional requests are available in the documents, appendix A.
For electricity generation from biogas for sale through the transmission line are
presented in various steps on shown in Figure 4.2 and 4.3
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A 4

Biogas
Header

\ 4

Biogas
Production : » H>S Removal
v
Flare
Power Electricity
Transformer 480 V
A 4
Electricity Power to

A

Figure 4.2 Generating electricity from biogas diagram

Power
Generator
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4.1.1 Financial Analysis

4.1.1.1 Additional Assumption for Calculation

- Determine sale price for electricity which is considered the project
income from selling electricity to the Provincial Electrical Generation Authority. For
VSPP, renewable energy (electrical energy purchase for grid maximum 10 megawatt)
and electricity generation with biogas, another form of renewable energy, will receive
government subsidies through the adder. Therefore, price of biogas from wastes can
increase to 2.50 baht per unit and biogas from sewage receives 0.30 baht per unit for 7
years.

- Discount rate is equals to 10 percent

- Straight line depreciation, excluded salvage value

- Determine project investment capital as loan as 100 percent of
investment cost.

- Determine wages adjustment for 5 percent yearly.

- The project not received tax exemption (BOI) 30%.

4.1.1.2 Project Analysis

Because all 4 projects had similarity, only slight differences in biogas
production system and electrical generator. Therefore, the sample illustration would
demonstrate details for project 1 with biogas from the organic waste disposal system

45 tons/day to produce biogas 150 M*/hr, enough to produce electricity only for 250

KW. For other projects see Appendix B with the following details:
1) Investment which related to investment forecast of the project is
consisted of construction cost, machinery cost, excluded land value, having the

construction and machine installation period of 1 year.
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Baht
A) Biogas production plant: ABR 37,775,500
B) Building (Figure 4.4)
Control room9 x5 m 675,000
Machine room 5x8 m & 3x3 m 153,125
Sub Total 828,125
C) Biogas system
Biogas header 2 m® 28,750
Drain trap 92,000
Water removal; cooling 450,000
H,S remover (dry process) 213,785
Flare system 400,500
Sub Total 1,184,535
D) Instrument & safety
Inline flame arrestor 65,550
Pressure switch high / low alarm 17,250
Thermometer 3,450
Pressure gauge 10,350
Check valve 5,750
Thermal mass flow meter & sensor 143,750
CHy, detector alarm 69,000
Sub Total 315,100
E) Piping work 62,500
F) Electrical and control 562,500
G) Power generator 5,625,000
H) Submitted documents 75,000

Total Capital Cost 46,430,260
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L 5.00 | 9.00 |

| 3.00 1 \ 8.00 |

Figure 4.4 Control Room
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2) Operating Cost was defined as expenses incurred for the project to
continue generating electricity by calculating on yearly basis with the following
details.

A) Salary and wage

1 Operator 17,000 Baht/Month

Total Salary and wage 204,000 Baht/Year

B) Infrastructure Cost 25,000 Baht/Month

C) Maintenance 600,000 Baht/Year
D) Miscellaneous 5% of Operating Cost 65,200 Baht/year

Total Operating Cost 1,169,200 Baht/year

3) Depreciation is calculated through straight line for project duration
of 10 years for buildings and infrastructure and 5 years for equipment and machines.
4) Taxes or money delivered to the government was calculated
before deducting taxes. This is the profit from project income deducted from total
project expenses to deliver to the government in the rate of 30 percent.
4.1.1.3 Benefit
For the biogas from organic waste with volume of 150 m*/hr, electricity
is produced for sale 250 kWh with the following methods.
Electricity cost for VSPP from renewable energy (Selling power not exceeding
1 MW)
Being the user for small enterprise-TOU rate with low pressure (selling more
than buying from MEA)
For fuel: biogas from the organic waste at production 250 KW-hr
Peak Off-peak

Unit of VSPP bought from MEA 2,860 4,340 units
Power demanded 10 10 kW

Reactive power demanded 0 kVAr
KV Ar fees for Power Factor 0 kVAr

(part >61.97% of electricity need during the peak period)
No. VSPP brought into the system of MEA 71,500 108,500 units
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1. Electricity cost calculation at MEA 7,200
(VSPP bought from MEA)
Cost Quantity

Peak 2.8408 2,860
Off-peak  1.2246 4,340
Electricity (baht/month)

Power demanded (baht/kW) 210 10
Power Factor (baht/KVAr) 14.02 0
FT (baht/unit) 0.7842 7,200

Service (baht/month)

Total (baht/month)

VAT 7%

Total electricity fee per month 1)

2. Electricity cost calculation at MEA 180,000
(Figure4.5 Plant Layout of Machinery of System \VSPP sold to MEA)
Cost Quantity

Units less than or equal to those bought from 2.8408 2,860
MEA at Peak, retail price
Units more than those bought from MEA at Peak,  2.9278 68,640
wholesale price
Units less than or equal to those bought from 1.2246 4,340
MEA off Peak, retail price
Units more than those bought from MEA off Peak, 1.1154 104,160
wholesale price
Electricity (baht/month)
FT (baht/unit) retail price 0.7842 7,200

wholesale price 0.7787 172,800
Total electricity and FT
Received Adder (baht) (unit) (only unit biogas 250 172,800
more than those bought from MEA)
Total electricity plus Adder (baht/month)
VAT 7%
Total electricity collected by VSPP (2)
(baht/month)

3. Net Electricity
MEA monthly payment to VSPP (baht/month) 2-Q)
Remark: FT retail price and FT mean retail price at December 2008

Results / 52

units

Total
8,124.69
5,314.76

13,439.45
2100

0.00
5,646.24
228.17
21,413.86
1,498.97
22,912.83

units

Total
8,124.69

200,964.19

5,314.76
116,180.06
330,583.71

5,646.24
134,559.36
470,789.31
432,000.00
902,789.31

63,195.25
965,984.56

943,071.73
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From income and outcome of Project 1, financial analysis results revealed the

income from selling electricity in the year receiving adder for 7,073,038 baht and non-

adder 3,606,238 baht yearly. From the financial analysis, it was found that investment

return could not be done within 10 years and also shown negative NPV as well as

having lower IRR than acceptable rate. Therefore, it was not worth investment. The

results of financial analysis for project 2, biogas from pig manure as 150 m*hr; project

3, biogas from organic waste as 550 m*/hr; and project 4 biogas from pig manure as

550 m/hr for project 4 are shown in Table 4.3.

Table 4.3 Financial analysis of power generation project

Result Criteria of Decision
Project: 1
NPV (Baht) - 41,470,290 >0
IRR (%) Na > 10%
Pay Back (Year) Na Short
B/C ratio 0.46 >1
o W
Project: 2
NPV (Baht) -2,553,350 >0
IRR (%) 3.88 > 10%
Pay Back (Year) 7.40 Short
B/C ratio 0.90 >1
"
Project: 3
NPV (Baht) - 127,315,243 >0
IRR (%) Na > 10%
Pay Back (Year) Na Short
B/C ratio 0.54 >1
e
Project: 4
NPV (Baht) 2,198,892 >0
IRR (%) 11.49% > 10%
Pay Back (Year) 6.20 Short




Fac. of Grad. Studies, Mahidol Univ. M. Sc. (Technology of Environmental Management) / 55

B/C ratio 1.02 >1
Rate of Return on 14.03 High
Investment

From Table 4.3, it was concluded that biogas project to produce and generate
electricity yield the best return from investing in pig farm 1000 kW (1 MW) and being
the most attractive project for investment. However, in comparison with the bank loan
criteria, any projects related to the environment and energy must have project IRR
more than 15 % and return of investment within 5 years. From the financial analysis
under the assumption that the loan was carried out for 100% at 10% interest, expected
that Project 4 which considered the best project may be difficulty to gain support. As
for other projects, especially the biogas from organic waste if earning comes form
selling electricity only, it should not be considered for investment at all even receiving

higher adder from the government than biogas project from waste water 2.2 baht' kWh

for 7 years. The project had high cost and low return.
Generally, main income for waste disposal project is the tripping fee, so the

supplement income form producing biogas should make the project more interesting

20 -
NPV, Cover Lagoon 1000

kw
R

0 4 ——
NPV, Cover Lagoon 250
kwW

20 4

-40 A

NPV, Digester Gas 250
kw

-60

-80 4

NPV (X 1MM Baht)

-120 -

SESESSEES s l
NPV, Digester Gas 1000

-140 - kw

Figure 4.6 Comparing to Financial Analysis in NPV Form

4.1.2 Economic Analysis

4.1.2.1 Additional assumptions for calculation
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- Determining price for electricity must consider incomes for the
project from selling electricity to the Provincial Electrical Generation Authority for
VSPP renewable energy (electricity sold not exceeding 10 MW). And for electricity
generation from biogas, another form of renewable energy received subsidies from the
government in the form of higher return on electricity price than adder. Therefore,
biogas from wastes received additional 2.50 baht per unit and biogas from the animal
farm could get additional 0.3 baht per unit for 7 years

- Discount rate is equaled to 7 percent

4.1.2.2 Project Analysis

1) Investment, since market price is the distorted price from actual
price, the real cost of the project must be determined. Therefore, in this research,
conversion factor of S. Ahmed in the study of shadow prices for economic appraisal
for project : an application to Thailand, world bank staff working paper, No. 609
(1983) was applied (cited Pornthip ChedChuvudthikul) as the upgrading financial
price related to economic price as follows:

Conversion Factor Baht
A) Biogas production: ABR system KGCF 0.84 31,733,100
B) Building
Control room9 x5 m KGCF 0.84 567,000
Machine room 5x8 m & 3x3 m KGCF 0.84 128,625
Sub Total 695,625
C) Biogas system
Biogas header 2 M® KGCF 0.84 24,150
Drain trap KGCF 0.84 77,280
Water removal: cooling KGCF 0.84 378,000
H,S remover (dry process) KGCF 0.84 179,579
Flare system KGCF 0.84 336,000
Sub Total 995,009
D) Instrument & safety
Inline flame arrestor KGCF 0.84 55,062
Pressure switch high / low alarm KGCF 0.84 14,490
Thermometer KGCF 0.84 2,898
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Pressure gauge KGCF 0.84 8,694

Check valve KGCF 0.84 4,830

Thermal mass flow meter & sensor KGCF 0.84 120,750

CHy detector alarm KGCF 0.84 57,960
Sub Total 264,684

E) Piping work KGCF 0.84 52,500

F) Electrical and control KGCF 0.90 506,250

G) Power generator KGCF 0.84 4,725,000

H) Submitted to document KGCF 0.90 67,500
Total Capital Cost 39,039,668

2) Operating Costis defined as expenses incurred for electricity
generation to continue by calculating yearly. Details calculation is the same as operating
cost of financial analysis at 1,901,984 baht yearly.

4.1.2.3 Benefit

For biogas from the organic waste at volume 150 M?hr, electricity
generation for sale was at 250 kWhusing the same calculation method as income
assessment in financial analysis but without adder.

4.1.2.4 Results of Economic Analysis

From income and expense of Project 1 in Table 4.4, results from
economic analysis revealed that investment return could not be accomplished within
10 years and also shown negative NPV as well as having lower IRR than acceptable
rate. Even with higher number than financial analysis, it was still not worth
investment. The results of economic analysis for project2, biogas from pig manure as
150 m3/hr; project 3, biogas from MSW as 550 m*/hr; and project 4, biogas from pig

manure as 550 m%/hr are shown in Table 4.5.
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Table 4.5 Economic Analysis of Power Generation Project

| Result | Criteria of Decision
Project: 1
NPV (Baht) - 20,281,96917.50 >0
IRR (%) -7.66% > 7%
Pay Back (YYear) 17.50 Short
B/C ratio 0.54 >1
Rate of Return on Investment 0.64 High
Project: 2
NPV (Baht) 8,271,162 >0
IRR (%) 26.46% > 7%
Pay Back (Year) 3.39 Short
B/C ratio 1.54 >1
Rate of Return on Investment 29.62 High
Project: 3
NPV (Baht) -54,220,589 >0
IRR (%) -3.50% > 7%
Pay Back (Year) 13.50 Short
B/C ratio 13.30 >1
Rate of Return on Investment 8.33 High
Project: 4
NPV (Baht) 47,178,991 >0
IRR (%) 58.45% > 7%
Pay Back (Year) 2.5 Short
B/C ratio 1.91 >1
Rate of Return on Investment 40.08 High

Findings from Table 4.5 indicated that biogas production from pig manure
gave better financial return, especially when producing electricity 1 MW as a result
from interest free loan. It was being forecasted that without external construction loan,
project benefit should be extremely high with quick return at 1 MW. Generally, for
project related to energy and environment, the bank would consider the project with
investment return within 5 years and IRR is higher than 15% worth investing.
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40.00% Cover Lagoon 1000 kW

30.00% Cover Lagoon 250 kKW

20.00%
7%

IRR

10.00%

0.00% -

Pk

Digester Gas 1000 kW

-10.00% —bBigesterGas250-kW-

Figure 4.7 Comparing to Economic Analysis in IRR Form

4.2 Upgrading Biogas Quality as Fuel for Vehicle

4.2.1 System Design

Producing fuel for vehicle by using biogas as the raw material is the process of
upgrading biogas quality for extreme heat capacity which means higher methane
volume. At present, there are many technologies available for upgrading process each
has both advantages and disadvantages as being summarized in Table 4.6.
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Assessing technology for upgrading biogas quality was done with pressure

swing absorption (PSA) because it has more advantages and widely used in many

countries. As well as being the finished product for commercial purpose that investors
can choose wide selection to fit gas volume and easy to install with high elasticity.
4.2.2 Financial Project Analysis
4.2.2.1 Additional assumptions for Calculation
- Determining selling price for produced vehicle fuel as
compare to CNG price at 8.50 baht per kilogram in the first year of the project (2008)
and changing in accordance with the announcement of the commission of foods and
energy for CNG in 2008 increased to 13 baht per kilogram and 13 baht per kilogram in
the following year.
- Discount rate is equaled to 10 percent
- Straight line depreciation, excluded salvage value
- Determine project investment capital as loan as 100 percent of
investment cost.
- Determine wages adjustment for 5 percent yearly.
- The project not received tax exemption (BOI) 30% .
4.2.2.2 Project Analysis
Assessing appropriated feasibility for using biogas as vehicle fuel in
different amount engaged in the application of PSA, the key machine. Therefore, size of
PSA must be chosen to fit the gas volume as being shown in Figure 4.8, for biogas in 2

volumes appropriate for each machine model and numbers as being shown in Table 4.7.
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Pressure
(pfklg)

300

145

10 100 150 500 1,000 5,000
Capacity (scfm)
Figure 4.8 PSA model VS Capacity of gas

Table 4.7 Capacity of gas with mach model

Volume Model Quantity
150 m*/hr (88 CFM) M 3200 1
550 m°/hr (320 CFM) M3200 2

For upgrading biogas quality as fuel for vehicle have diagram in Figure 4.9 and 4.10.

: Moisture
Biogas » H>S Removal »  Removal
Production
Biogas Flare |
E A 4
Build-up CO, Biogas
Pressure < Removal [* Header
Biogas
A 4
Compressing Dispensing
Biogas Storage > Process

Figure 4.9 Flow diagram of improve biogas quality for being fuel for vehicle



Results / 64

Wimolsri Duangthong

EIVI0LS DND

9Jo1yaA Joy 1an} se Aipenb sefolq BuipesBdn Jo moj4 QT 94nbi4

Eﬁfmgaﬂﬂ ——
E&ﬁ Nl I % | m
| N m ,a
K b~ 5598% m _




Fac. of Grad. Studies, Mahidol Univ. M. Sc. (Technology of Environmental Management) / 65

1) Investment which related to investment forecast of the project is
consisted of construction cost, machinery cost, and excluded land value. The

construction and machine installation period is estimated for 1 year.

Baht
A) Biogas production plant: ABR 37,775,500
B) Building (Figure 4.11)
Control room3.2x 7 m 336,000
Machine room 11.3 x 7. m 741,563
Flare & H,S removal area 93,750
Sub total 1,171,313
C) Biogas system
Biogas header 2 M? 28,750
Drain trap 92,000
Water removal: cooling 450,000
H,S remover (dry process) 213,785
Flare system 400,000
Sub total 1,184,535
D) Instrument & safety
Inline flame arrestor 65,550
Pressure switch high / low alarm 51,750
Thermometer 5,175
Pressure gauge 10,350
Check valve 28,750
Thermal mass flow meter & sensor 143,750
CHy, detector alarm 69,000
Sub Total 374,325
E) Piping work 206,250
F) Electrical and control 562,500
G) PSA (Model M3200) 23,000,000

H) Compressor CNG 1,875,000
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Baht
46,875
6,250,000
72,448,297

I) CNG storage
J) Dispensing process
Total Capital Cost

L 14.55 I 2.00 L 1.50
| i

Figure 4.11 Building for upgrading biogas as fuel for vehicle project
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2) Operating cost is defined as expense incurred for the project to
continue generating electricity by calculating on yearly basis with the following details.

A) Salary and wage
1 Engineer 30,000 Baht/Month
1 Operator 17,000 Baht/Month
1 Worker 6,000 Baht/Month
Total salary and wage 636,000 Baht/Year
B) Maintenance 460,000 Baht/Year
C) Infrastructure cost 25,000 Baht/Month
D) Miscellaneous 5% of operating cost 69,800 Baht/year
Total operating cost 1,465,800 Baht/year

3) Depreciationwas calculated through straight line for project
duration of 10 years for civil and 5 years for equipment.

4) Taxes or money delivered to the government was calculated
before deducting taxes. This is the profit from project income deducted from total

project expenses to deliver to the government in rate 30 percent

4.2.2.3 Benefit

Calculation of economic return for vehicle’s fuel must be compared
with CNG price 8.50 baht per kilogram at May 1, 2008 by assigning heat energy value
35,000 BTU for 1 kilogram of CNG. Calculation was done with illustrated example as

follow:
Biogas conversion efficiency to CNG 72%
CNG heating value 35,000 BTU/Kkg
Biogas 150 M3/hr
Total energy of Biogas 2,904,000 BTU/hr
Convert to CNG 2,090,880 BTU/hr
Or 60 kg CNG /hr
Operating days per year 330 days or 7,920 hr
CNG price 8.5 Baht/kg

So, benefit of CNG 4,030,200 Baht/year
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From income and expense of Project 1 in Table 4.8, results from financial

analysis revealed that investment return could not be done within 10 years and also

shown negative NPV as well as having lower IRR than acceptable rate. Even with

higher number than financial analysis, it was still unworthy investment. Other projects

are presented in Table 4.9.

Table 4.9 Financial analysis of upgrading biogas as fuel for vehicle project

Result Criteria of Decision
Project: 1
NPV (Baht) -85, 531,834 >0
IRR (%) Na >10%
Pay Back (Year) Na Short
B/C ratio 0.27 >1
Rate of Return on Investment -8.43 High
Project: 2
NPV (Baht) - 33,416,057 >0
IRR (%) Na > 10%
Pay Back (Year) Na Short
B/C ratio 0.49 >1
Rate of Return on Investment -6.85 High
Project: 3
NPV (Baht) -189,243,070 >0
IRR (%) Na >10%
Pay Back (Year) Na Short
B/C ratio 0.39 >1
Rate of Return on Investment -4.93 High
Project : 4
NPV (Baht) -16,441,289 >0
IRR (%) 4.38 >10%
Pay Back (Year) 8.50 Short
B/C ratio 0.88 >1
Rate of Return on Investment 3.40 High
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Conclusion was made from 4.9 that none of 4 projects worth investing because
of high project investment cost and low return
4.2.3 Analysis of Economic Project
4.2.3.1 Additional assumptions for Calculation
- Determining selling price for produced vehicle fuel as
compare to CNG price at 8.50 baht per kilogram in the first year of the project (2008)
and changing in accordance with the announcement of the commission of foods and
energy for CNG in 2008 increased to 13 baht per kilogram and 13 baht per kilogram in
the following year.
- Discount rate is equaled to 7 percent
4.2.3.2 Project Analysis
1) Investment, Since market price is the distorted price from actual
price, the real cost of the project must be found. Therefore, in this research, conversion
factor of S. Ahmed in the study of shadow prices for economic appraisal for project :
an application to Thailand, world bank staff working paper, No. 609 (1983) was
applied (cited Pornthip ChedChuvudthikul) as the upgrading financial price related to
economic price as follows:

Conversion Factor Baht

A) Biogas production plant: ABR KGCF 0.84 31,733,100
B) Building
Control room3.2 X 7 m KGCF 0.84 282,240
Machine room 11.3 x 7 m KGCF 0.84 662,913
Flare & H,S removal area KGCF 0.84 78,750
Sub total 983,903
C) Biogas system
Biogas header 2 m® KGCF 0.84 24,150
Drain trap KGCF 0.84 77,280
Water removal: cooling KGCF 0.84 378,000
H.S remover (dry process) KGCF 0.84 179,579
Flare system KGCF 0.84 336,000

Sub total 995,009
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D) Instrument & safety
Inline flame arrestor
Pressure switch high / low alarm
Thermometer
Pressure gauge
Check valve
Thermal mass flow meter & sensor
CHy, detector alarm
Sub total
E) Piping work
F) Electrical and control
G) PSA (Model M3200)
H) Compressor CNG
I) CNG storage
J) Dispensing process
Total Capital Cost

KGCF 0.84
KGCF 0.84
KGCF 0.84
KGCF 0.84
KGCF 0.84
KGCF 0.84
KGCF 0.84

KGCF 0.84
KGCF 0.90
KGCF 0.84
KGCF 0.84
KGCF 0.84
KGCF 0.84

Results / 72

Conversion Factor Baht

55,062
43,470
4,347
8,694
24,150
120,750
57,960
314,433
173.250

61,268,132

2) Operating Costwas defined as expenses incurred for electricity

generation to continue by calculating yearly. Details calculation is the same as operating

cost of financial analysis at 1,399,416 baht yearly.
4.2.3.3 Benefit

Biogas from waste 150 m3/hr producing vehicle fuel for sale 60 kg/hr

was calculated with the loss of opportunity to sell natural gas as 250 baht/MM BTU

(price at January, 2009) about 5,645,376 baht/year.

4.2.3.4 Results of economic analysis
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From income and expense record of Project 1 in Table 4.10, results from

economic analysis revealed that investment return could not be done within 10 years

and also shown negative NPV as well as having lower IRR than acceptable rate. Even

with higher number that financial analysis, it was still unworthy investment. Other

projects are presented in Table 4.11

Table 4.11 Economic analysis of upgrading biogas as fuel for vehicle project

Result Criteria of Decision
Project1
NPV (Baht) - 30,324,654 >0
IRR (%) Na > 7%
Pay Back (Year) 19 Short
B/C ratio 0.55 >1
Rate of Return on Investment 6.93 High
Project 2
NPV (Baht) -1,771,523 >0
IRR (%) 5.62% > 7%
Pay Back (Year) 7.43 Short
B/C ratio 0.99 >1
Rate of Return on Investment 13.82 High
Project 3
NPV (Baht) -32,071,235 >0
IRR (%) 2.24% > 7%
Pay Back (Year) 9.30 Short
B/C ratio 8.81 >1
Rate of Return on Investment VA Y High
Project4
NPV (Baht) 69,328,345 >0
IRR (%) 30.70% > 7%
Pay Back (Year) 3.02 Short
B/C ratio 2.02 >1
Rate of Return on Investment 33.12 High

According to economic results from Table 4.11, it was found that project 4

produced biogas with wastewater from pig farm in large volume that could produce

vehicle fuel 220 kg/hr for good yield that resulted from interest free loan. It was

expected that without external loan, it would be quite interesting project from having

investment return within 3 years and 30.70 % IRR.
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CHAPTER V
CONCLUSION AND RECOMMENDATIONS

51  Conclusion

Research study indicated that the investment for electricity and fuel production
using biogas as the raw materials is the best method to reduce environmental problems
such as reducing amount of gas causing global warming and PM10 from burning
petroleum. Besides, it is the converting of waste to energy which should benefit the
country from reducing imported fuel and increasing the country’s energy stability.
Biogas derived from 2 sources, namely, digester gas from organic wastes and sewage
gas of pig manurein the gas volume of 150 M*hr and 550 M*hr for producing
electricity of 250 kW and 1000 kW. The same amount of biogas can produce the same
amount of vehicle fuel of 60 kg and 220 kg bio-fuel. The project analysis was done in
project financial analysis and economic analysis by dividing into 4 projects under the
conditions of set assumption. Conclusions are presented as follows

5.1.1 Electricity Generation from Biogas Project

1) In the production of electricity from biogas derived from waste organic
digestion for sale, it a found that using ABR technique to produce biogas in this
project required high investment cost. This project earned income from selling
electricity only. Even the production of electricity from biogas received the
government subsidy by buying electricity higher than regular price, so called adder
increasing 2.50 baht/unit , the project was still unworthy for investment, especially
low electricity volume such as 250 kW. Then price per unit production is much higher
than producing with larger machine with the highest Economic of scale electrical
generator, size 1000 kW (1 MW). From this research, financial and economic
assessment indicated that investment for 1000 kW would yield higher return than 250 kW.

Research results for producing electricity in 1000 kW to sell back to the system
through biogas from composting indicated that the loan was made with 100 percent of

project value, paying interest loan 10 percent for 10 years. It wasfound that NPV
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equaled to-2,553,350 baht, for 7.40 years pay back period, and B/C ratio 0.90 and IRR
at 3.88%, not quite interesting for financial investment. As for economic aspect, NPV
was equaled to 8,271,162 baht for 3.40 years pay back period and B/C ratio 1.54 with
IRR 26.46%. It was considered as the project with excellent return because financial
and economic results came from the project interest rate.

2) As for biogas derived from pig farm using covered lagoon, it was
discovered from the project financial and economic analysis that producing electricity
for 250 kW gave lower return than 1000 kW same as project using biogas from
organic waste. However, in comparison with same amount of gas from pig farm waste,
the return was better from lower investment cost in biogas production or wastewater
treatment. As for financial analysis under the same condition with biogas from organic
waste for electricity production 1000 kW, it was found that NPV equaled to 2,198,892
baht for 6.20 years pay back period, B/C ratio at 1.02 and IRR 11.49% whereas
economic results indicated that NPV equaled t047,178,991 baht for2.50 years pay
back period, B/C ratio at 1.91 and IRR 58.45% which is considered project with
extremely high return. Generally, the banks that lend money to the energy and
environment related project would consider the project with higher IRR than 20% and
5 years return investment worth investing. With these reasons, electricity production
with biogas from pig farms received less support than biogas from waste. Biogas from
pig farms received adder only 0.3 baht/ electrical unit.

In summary, it is feasible for electricity production from biogas using organic
waste and pig manure worth investment provided that the pig farm must be at
appropriate size. Therefore, 1 MW investment is considered appropriate because of the
lowest price of electrical generator for IMW. Therefore electricity production for
selling back to every 1MW transmission line is feasible for investment.

5.1.2 Biogas Quality Improvement for being Vehicle Fuel

1) Technology for upgrading biogas quality to increase methane amount per unit is
being applied in various methods. Research results through the comparison of advantages
and disadvantages suggested that the pressure swing absorption is the best alternative
for the project because it has been used widely, not only to upgrade methane, but also
applied with gas separation industry, such as separation of hydrogen, oxygen and

nitrogen. Importantly, the finished products are available for sale commercially which
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allowed the investors to choose appropriate size for gas amount and easy to install
with highly elasticity, quite different form other technologies that unfit for
commercial.

2) As biogas upgrading for vehicle fuel, research results indicated that all 4
projects are unable to produce the financial return within 10 years with negative NPV and
IRR lower than acceptable rate. This has confirmed that the project is unworthy of
investment because of high project investment cost, expenses, interest and operation cost
as well as having too low return, especially on setting up the same fuel price as CNG price
by the committee of food and energy. Cheaper CNG price which had been set by the
government to promote the use of CNG instead of petroleum in order to reduce
importing of petroleum made investment rather unattractive. If there is any changes in
vehicle fuel price to match with natural gas that PTT distributed to industry and based
on the world’s price and actual cost, this project may be more attractive. As being seen
in economic analysis that determined the same price as natural gas of PTT during
January 2009 for 250 baht/MM BTU indicated that vehicle fuel from biogas could be
produced from pig farms waste at 220 kg/hr or the same volume as producing
electricity 1MW. Project returns are presented as follows: NPV equaled to 69,328,345
baht with 3.02 years pay back period, B/C ratio of 2.02 and project IRR 30.70%. This
revealed high investment feasibility. In order to make this project successful, it must
receive the government support or subsidy or give the same adder as producing
electricity from biogas. Somehow, this project may not worth investment if
considering only financial return, but the social and environmental benefits such as
reducing greenhouse effect, decreasing pollution from burning petroleum as well as
building the country’s energy stability resulted in positive returns worth more than any
financial returns.

In summary, research results indicated that biogas upgrading for vehicle fuel
project requires higher investment cost than electricity production 2.5 — 3 times in the
same amount of gas. Therefore, it is less feasible, unless the price of vehicle fuel from
biogas changed, using new reference. Then this substitute energy business may
happen. After comparison with biogas in the same amount, the alternative for
producing electricity is still more attractive than producing vehicle fuel, especially

biogas from pig farms, including other cattle farms. Besides being the wastewater



Wimolsri Duangthong Conclusion and Recommendations / 78

treatment and reducing community problems with foul odor, recovery energy from
waste is another benefit from such project. For waste disposal project, main income
came from tripping fee, and then investment for storing and collecting gas to produce
electricity is considered supplementary income which made project more interesting.
As for landfill gas, the operation may be difficult as compared to digestion, same as
ABR system, especially the system that collect gas for optimum use. However, the
advantage from this investment is reduction of global warming and decrease in

releasing methane gas.

5.2  Recommendations

1) The utilization of biogas by names of incineration, electricity generation,
including processing for vehicle fuel must examine soloxane. Soloxane is a compound
that has never been taken into account and never been removed from the process.
Soloxane which is a silica compound that turning into silica oxide or sands after
burning and can shorten machine life or make it less effective. Therefore, soloxane
must be removed completely from biogas system to acquire full benefit.

2) Regarding project income, only electricity volume or amount of vehicle fuel
should be taken into consideration. However, another variable that can be counted as
project income is the sale of carbon credit from reducing methane emission into the
atmosphere 21 times greater than CO..

3) In this study, the return is measured in term of money only. For the next
study, the descriptive research and financial value assessment should be involved to
find the advantages and disadvantages of the project toward the society and being

calculated for investment cost.
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GENERATING ELECTRICITY

Table B-1 Investment cost for organics waste to ABR process (150 M/hr)

Investment Cost Organic Waste to ABR Process
Metarial Labour
ltem Description Quantity] ~ Unit Amount
Unit price Total price | Unit price | Total price
A |Biogas Production Plan: ABR System 45 | Tons/day 0 0 0 0 37,777,500
B Building 828,125
B-1 |Control room9x5m 45 m2 12,000 540,000 3,000 135,000 675,000
B-2 |Machine room5x8m&3x3m 49 m2 2,500 122,500 625 30,625 153,125
C |Biogas system 1,184,535
C-1  |Biogas Header 2 m3 FRP 1 Set 25,000 25,000 3,750 3,750 28,750
C-2 | Drain Trap 5" SUS 304 4 Set 20,000 80,000 3,000 12,000 92,000
C-3 | Drain Trap 3" SUS 304 0 Set 55,000 - 8,250 -
C-4 |Water Removal: Cooling 1 Set 400,000 400,000 50,000 50,000 450,000
C-5  [H2S Remover
H2S removing assembly 1 Set 110,000 110,000 16,500 16,500 126,500
Iron Absorbent (Filter) 360 kg 0 32,400 14 4,860 37,260
Blower for regeneration 1 Set 15,000 15,000 2,250 2,250 17,250
Bag Filter 1 Set 28,500 28,500 4,275 4,275 32,775
C-6  |Flare System 1 Set 350,000 350,000 50,000 50,000 400,000
D [Instrument & Safety 315,100
D-1 [Inline Flame Arrestor 5" SUS-304 0 Set 78,000 - 11,700 -
D-2  [Inline Flame Arrestor 3" SUS-304 1 Set 57,000 57,000 8,550 8,550 65,550
D-3 | Pressure Switch high / low alarm 1 Set 15,000 15,000 2,250 2,250 17,250
D-4 | Thermometer 2 Set 1,500 3,000 225 450 3,450
D-5  |Pressure Gauge 3 Set 3,000 9,000 450 1,350 10,350
D-6 |Check valve 1 Set 5,000 5,000 750 750 5,750
D-7 | Thermal Mass Flow meter & Sensor 1 Set 125,000 125,000 18,750 18,750 143,750
D-8  |CH4 Detector Alarm 1 Set 60,000 60,000 9,000 9,000 69,000
E Power Generator (Jenbacher 208 GS) 1 Set 4,500,000 4,500,000 1,125,000 1,125,000 5,625,000
F Piping Work 200 m 250 50,000 63 12,500 62,500
G Eletricity and Control 1 Lot 450,000 450,000 112,500 112,500 562,500
H  |Submitted Documents 1 Lot 75,000 75,000 - - 75,000
Total Investment Cost 46,430,260.00
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Table B-3 Economic analysis (Generated 250 kW by organic waste)
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Table B-4 Investment cost for sewage gas from cover lagoon (150 M?/hr)

Investment Cost Sewage Gas from Cover Lagoon
Metarial Labour
Item Description Quantit] ~ Unit Arount
Unit price | Total price | Unit price | Total price
A |Biogas Production Plan: Cover Lagoon 225 | Tons/day 0f 0f 0 0f 1,406,250
B |Building 828,125
B-1  |Control room9x5m 45 2 12,000 540,000 3,000 135,000 675,000
B2 |Machineroom5x8m&3x3m 49 0% 2,500 122,500 625 30,625 153,125
C |Biogas system 1,184,535
G1  [Biogas Header 2 m3 FRP 1 Set 25,000 25,000 3,750 3,750 28,750
G2 | DrainTrap5' SUS304 4 Set 20,000 80,000 3,000 12,000 92,000
G3 | DrainTrap 3" SUS304 0 Set 55,000 - 8,250 -
G4 |Water Removal: Coaling 1 Set 400,000 400,000 50,000 50,000 450,000
G5 |H2S Rermover
H2S removing assembly 1 Set 110,000 110,000 16,500 16,500 126,500
Iron Alsorent (Filter) 30 kg 0 32,400 14 4,860 37,260
Blower for regeneration 1 Set 15,000 15,000 2250 2250 17,250
Bag Filter 1 Set 28,500 28,500 4,275 4,275 32,775
G6  [Flare System 1 Set 350,000 350,000 50,000 50,000 400,000
D |instrument & Safety 315,100
D1 |Inline Flame Arrestor 5" SUS-304 0 Set 78,000 - 11,700 -
D2 |Inline Flame Arrestor 3' SUS-304 1 Set 57,000 57,000 8,550 8,550 65,550
D3 | Pressure Switch high/ lowalam 1 Set 15,000 15,000 2250 2250 17,250
D4 | Themometer 5 Set 1,500 3,000 225 450 3,450
D5 |Pressure Cauge 3 Set 3,000 9,000 450 1,350 10,350
D6 |Check valve 1 Set 5,000 5,000 750 790 5750
D7 |Thermal Mess Flow meter & Sensor 1 Set 125,000 125,000 18,750 18,750 143,750
D8 |CH4 Detector Alam 1 Set 60,000 60,000 9,000 9,000 69,000
E  [Power Generator (Jenbacher 208 GS) 1 Set 4500000] 4,500,000 1,125000| 1,125,000 5,625,000
F |Piping Work 200 m 250 50,000 63 12,500 62,500
G [Betricity and Control 1 Lot 450,000 450,000 112,500 112,500 562,500
H | Submitted Documents 1 Lot 75,000 75,000 - - 75,000
Total Investrrent Cost 10,059,010.00
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| analysis (Generated 250 kW by sewage gas from cover lagoon)
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Table B-6 Economic analysis (Generated 250 kW by sewage gas from cover lagoon)
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Table B-7 Investment cost for organics waste to ABR process (550 M hr)

Investment Cost QOganic Weste to ABR Process
Metarid Labour
ftem Desaription Quertityl  Unit Arount
Unit price Totd price Unitprice | Totd price
A |Bogss Production Plan: ABR System 180 | Tonsicay 0 0 0 g 134,320,000
B |Buldng 1518750
B1  |Contrd room9x10m D nP 12000 1,080,000 3,000 270,000 1,360,009
B2 |Mechineroom9x5m&3x3m 54 n2 2500 135000 625 33,790 1637
C  |Biogas system 2653755
G1  |Bogas Header 2nBFRP 1 RE 25,000 25000 3750 3790 28790
G2 | DanTrap6' US4 4 e 22,000 88,000 330 13200 101,200
G3 | DainTrap3' IS 0 P 56,000 - 8250 -
G4 |Water Removal: Godling 1 Set 1,200,000 1,200,000 150,000 150,000 1,300,000
G5 |HSRemover
HS remmoving asserly 3 | & 110000 3000| 1650|4950 379500
Iron Asorbent (Filter) ol 19 D 97,200 14| 1450 11,789
Bower for regeneration 1 St 15,000 15,000 2290 2290 17,290
Bag Filter 1 Set 28500 28500 4275 4275 2775
G6  |Hare System 1 St 560,000 560,000 50| 850 63250
D |Instrument & Safety 328900
D1 |Inine Aame Arestor 6" SUS-304 0 Re 83,000 - 12450 0 0
D2 |Inline Famre Arestor 3' SUS304 1 Rc 57,000 57,000 8550 850 65,50
D3 | Pressure Sitch high/ lowalam 1 2o} 15000 15000 22501 2290 17,290
D4 |Themometer 2 Fc 1,500 3000 225 450 3450
D5 |Pressure Gauge 7 2o} 3,000 21,000 480 3150 24150
D6 |Creckvave 1 Fc 5000 5000 750 70 5750
D7 [Themrel Mess Howrnreter &Sensor 1 2o} 125000 125000 1870 18750 143,
D8 |G Detector Aam 1 Set 60,000 60,000 9000 9000 69,000
E |Poner Gererator Jenbache 320 GS 1 Lht | 18000000 18000000 4,500,000| 4,500,000 22,500,000
F  |PAping Work 20| m 30 60,000 75| 15000 75000
G |Betrigty and Contrdl 1 Lot 750,000 750,000 187,500 187,500 937,500
H | Subitted Docurents 1 Lot 75000 75000 - - 75000
Total Investrent Cost 162408,906.00
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Table B-9 Economic analysis (Generated 1000 kW by organic waste)
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Table B-10 Investment cost for sewage gas from cover lagoon (550 M*/hr)

Investment Cost Sewage Gas from Cover Lagoon
Metarial Labour
Item Desaription Quantityl  Unit Arount
Unitprice | Total pice | Unitprice | Total price
A |Biogas Production Plan: Cover Lagoon 825 | Tons/day 0f 0f 0f 0f 5,156,250
B [Building 1,518,750|
B-1 |Contrd room9x10m R0 n2 12,000 1,080,000 3,000 270,000 1,350,000
B2 [Machineroom9x5m&3x3m %) m2 2,500 135,000 625 33,750 168,750)
C |Biogas system 2,653,755
G1  |Biogas Header 2 B FRP 1 PE 25,000 25,000 3,750 3,750 28,750
G2 | DrainTrap 6" SUS34 4 Pc 22,000 88,000 3,300 13,200 101,200
G3 | DrainTrap 3" SUS34 0 Pc 56,000 - 8,250 -
G4 [Water Renoval: Codling 1 St 1,200,000 1,200,000 150,000 150,000 1,350,000
G5  [H2S Remover
H2S removing assembly 3 110,000 330,000 16500 [ 49,500 379,500
Iron Absorbent (Filter) 1080 kg D 97,200 14| 14580 111,780
Blower for regeneration 1 Set 15,000 15,000 22901 2250 17,250)
Bag Filter 1 Set 28,500 28500 4275|4275 32775
G6  |Flare System 1 Set 550,000 550,000 82500 8,500 632,500
D |Instrument & Safety 328900
D1 |Inlire Flame Arestor 6" SUS-304 0 Pc 83,000 - 12,450 0 0
D2 |Inline Hame Arestor 3' SUS-304 1 Be 57,000 57,000 8560 8550 65,550)
D3 | Pressure Switch high / lowalarm 1 Pc 15,000 15,000 2250 2270 17,250)
D4 | Themometer 5 Pc 1,500 3,000 225 450 3450
D5 [Pressure Gauge 7 Pc 3,000 21,000 480 3,150 24,150
D6 [Checkvalve 1 Pc 5,000 5,000 750 750 5,750)
D7 | Thermel Mass Flow meter & Sensor 1 Pc 125,000 125,000 18750 18,750 143,750)
D8 |CH4 Detector Aam 1 Set 60,000 60,000 9,000 9,000 69,000
E  [Power Generator Jenbache 320 GS 1 Unit 18,000,000 18,000,000 4,500,000 | 4,500,000 22,500,000}
F |Piping Work 20| m 300 60,000 75| 15000 75,000
G  |Betricity and Control 1 Lot 750,000 750,000 187,500 187,500 937,500}
H | Submitted Documents 1 Lot 75,000 75,000 - - 75,000

Total Investrment Cost

33,245,155.00
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| analysis (Generated 1000 kW by sewage gas from cover lagoon)

inancia

Table B-11 F

COtFL UaLUisaal] Lo wmay Jo s1ey
¢l onel D/g
0gs ¥oeg ded
So6¥ LI dd
Weg €65 861 ¢ MNdN
987'780°L | SE0'CB0'L | ZBO'COML | 0c0'9ze’s | SPA'SEL’® | 00S'PE9'Y | S9LTPOY | L£9'0S9F | vEL'BSO'Y PLT'G99T | SSLSPEEC- | PEE'SRE'LE {z)- (1) mold yseD 1eN
726'6L0's | CL6'800'8 | [Z6'866'L | 8.c'6098 | 99Z'008'S | 606'00Z'TL | CPOZELTL | LALPBLTL | PLTULVTL | vEMOLVTL  |ssievziec | Zee'0z'sct (z) molpng yseg fejo)
ISEGE0C | 2L8'650 | QLLPROC | 66T995C | $0ZZLSC | vIZO96'L | JSIB86L  |0CLEES L | SPE9EEL | SOV6RE 7507 |08
LE0B6ZS | LEO'B6ZS | LEDBGZS | LSOBZS | LEOBRZG SSLSBrOZ | (S123,) waludinb3 - UoRe]
005299 00509 005299 005209 00589 005299 00589 005299 005299 00560 0006299 oL (ss23) Buiping - ioerdaidaq ¢
002002 002002 002002 002 002 002002 002002 002002 002002 002 002 002002 0002002 SNDBUBIEISI -
000009 000009 000009 000009 000009 000009 000009 000009 000009 000009 000000 1500 dmnAseA -
000'002€ | 00000ZE | 0000D0ZE |000COZE | 000'00ZE |OO0ODZE | 000'DOZE | 000'00CE | 000'00ZE | 000T0ZE 00000028 SOUBLSIUIEN -
LF'9ME LO¥'L0S 870'282 095'2/2 195092 £96'L72 951952 016122 00z 1ie 000702 0695057 L LI B
1507 bupeladp z
000 000's SlUaLRI0E paniligns -
00000522 | 00000572 10jeISURY) Jamod -
005 /65 005256 1502 [QJIUGD) pUE [Ba10a(] -
000'G2 000G, yiop, Buidid T justldinbg -
006'82¢ 006928 Raleg g usnisy - uswdinby -
510007 500507 WasAs sebolg - uatuding3 -
052815} 054815} Sl pUe aninisedu| buipjing -
05Z05L'S | 05T95HS AEPIEUI 090 ¢ JSTEM SISEM -
JusLySaAl| |
MOAN0 ysen
600Z0L'aL | 600'Z0L'GL | 600°Z0L'GL | 6OP'GEB'IL | 6OP'9E8'OL | GOY'GER'OL | 6OP'GL8'OL | 6OY'OLE'OL | GOV'aCE'L | OYaes'ol |0 988'coL'e91 (1) mojyur yseg [eso]
600Z0L'GH |600ZOKSL |600Z0LGL |6OFSEQ0L |60V'GE80L |607SE9'0L |6OPGSOOL | 607CE80L |6OFSER9L | 60VGEEOL 099'05L'501 A 000} (B33 -
TRORUIgseD
uio} 5 ug ] g uig Uy pig puz i) 0= 1IeaA 2oL sleleq
eg 00540 fungersy  TUOOBET 18A0 W0J) S5 9Remas Aq MY 000} PajeIsuas | SISAleUY [eloUeuld © ||-g s[qel



Appendix/ 100

Wimolsri Duangthong

Table B-12 Economic analysis (Generated 1000 kW by sewage gas from cover lagoon)
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Fac. of Grad. Studies, Mahidol Univ.

M. Sc. (Technology of Environmental Management) / 101

APPENDIX C
UPGRADING FOR USE AS VEHICLE FUEL

Table C-1 Investment cost for organics waste to ABR process (150 M/hr)

Investment Cost

Organic Waste to ABR Process

SAUR 57EMS U WU ginsal AU NUIURY

Item Description Quantity]  Unit Unit price Total price Unit price | Total price Amount
A Biogas Production Plan: ABR System 45 |Tons/da 0 0 0 0 37,777,500
B Building 1,171,313
B-1  |Control room 3.2 X7 m 224 m2 12,000 268,800 3,000 67,200 336,000
B-2 |Machine room 11.3x7 m 791 m2 7,500 593,250 1,875 148,313 741,563]
B-3 |Flare & H2S Remover area 30 m3 2,500 75,000 625 18,750 93,750
C |Biogas system 1,184,535
C-1  [Biogas Header 2 m3 FRP 1 Set 25,000 25,000 3,750 3,750 28,750
C-2 [ Drain Trap 5" SUS 304 a Set 20,000 80,000 3,000 12,000 92,000
C-3  |Water Removal: Cooling 1 Set 400,000 400,000 50,000 50,000 450,000

C-4 |H2S Remover

H2S removing assembly 1 Set 110,000 110,000 16,500 16,500 126,500
Iron Absorbent (Filter) 360 kg 90 32,400 14 4,860 37,260
Blower for regeneration 1 Set 15,000 15,000 2,250 2,250 17,250
Bag Filter 1 Set 28,500 28,500 4,275 4,275 32,775
C-5 |Flare System 1 Set 350,000 350,000 50,000 50,000 400,000
D |Instrument & Safety 374,325
D-1 |Inline Flame Arrestor 3" SUS-304 1 Set 57,000 57,000 8,550 8,550 65,550
D-2 | Pressure Switch high / low alarm 3 Set 15,000 45,000 2,250 6,750 51,750
D-3  |Thermometer 3 Set 1,500 4,500 225 675 5175
D-4  |Pressure Gauge 3 Set 3,000 9,000 450 1,350 10,350
D-5 |Check valve 5 Set 5,000 25,000 750 3,750 28,750
D-6  [Thermal Mass Flow meter & Sensor 1 Set 125,000 125,000 18,750 18,750 143,750
D-7  |CH4 Detector Alarm 1 Set 60,000 60,000 9,000 9,000 69,000
E Piping Work 300 m 550 165,000 138 41,250 206,250
F Eletricity and Control 1 Lot 450,000 450,000 112,500 112,500 562,500
G PSA ( Model M3200) 1 Lot 20,000,000 | 20,000,000 3,000,000 3,000,000 23,000,000
H Compressor CNG 2 Set 750,000 1,500,000 187,500 375,000 1,875,000
| CNG Storage 150 Litres 250 37,500 63 9,375 46,875
J Dispensing Process 1 Set 5,000,000 5,000,000 1,250,000 1,250,000 6,250,000
Total Investment Cost 72,448,297.50
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Table C-2 F
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Fac. of Grad. Studies, Mahidol Univ.

Table C-3 Economic analysis (Generated 60 kg bio-fuel by organic waste)
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Table C-4 Investment cost for sewage gas from cover lagoon (150 M?/hr)

Investrrent Cost Sewage ges fromcover lagoon
e EMS | Wi insnl ANUSS M
ltem Description Quantity]  Unit Unit price | Total price | Unit price | Total price Amount
A |Biogas Production Plan:Cover Lagoon 25 |Tons/day 0 0 0 0 1,406,250
B |Building 1,171,313
B-1  [Contrd room32X7m 24 e 12,000 268800 3,000 67,200 336,000
B2 |Machineroom11.3x7m 791 [ n2 7,500 533,250 1,875 148,313 741,563
B3 |Hare &H2S Remmover area 30 m3 2,500 75,000 625 18,750 93,750)
C  |Biogas system 1,184,535
CG1  |Bioges Header 2 3 FRP. 1 Set 25,000 25,000 3,750 3,750 28,750
G2 [ DanTrep5' SUS304 a Set 20,000 80,000 3,000 12,000 2,000
G3  |Water Removal: Cooling 1 Set 400,000 400,000 50,000 50,000 450,000
G4 |H2SRemover
H2S removing assermbly 1 Set 110,000 110,000 16,500 16,500 126,500
Iron Alsorbent (Filter) 360 kg 0] 32400 14 4,850 37,260
Blower for regeneration 1 Set 15,000 15,000 2290 2290 17,250
Bag Filter 1 Set 28,500 28500 4,275 4,275 775
G5 |Fare System 1 Set 350,000 350,000 50,000 50,000 400,000
D |Instrument & Safety 374,325
D1 |Inline Flame Arrestor 3' SUS-304 1 Set 57,000 57,000 8,550 8,550 65,550
D2 | Pressure Switch high/ lowalam 3 Set 15,000 45,000 2,290 6,750 51,750
D3 [Themmometer 3 Set 1,500 4,500 225 675 5175
D4 [Pressure Gauge 3 Set 3,000 9,000 450 1,350 10,350
D5 |Oneckvalve 5 Set 5,000 25,000 750 3,750 28,750
D6 | Themal Mass Flow meter & Sensor 1 Set 125,000 125,000 18,750 18,750 143750
D7 |CH4 Detector Alam 1 Set 60,000 60,000 9,000 9,000 69,000
E  [Piping Work 30| m 550| 165,000 138 41250 206250
F  |Betricity and Control 1 Lot 450,000 450,000 112,500 112,500 562,500
G |PSA(Model M3200) 1 | Lot | 20000000| 20,000,000 3000000| 3,000,000 23,000,000
H  [Compressor CNG 2 Set 750,000 1,500,000 187,500 375,000 1,875,000
I |ONG Storage 150 | Litres 250 37,500 63 9375 46,875
J | Dispensing Process 1 Set 5000000] 5000000 1,250,000( 1,250,000 6,250,000
Total Investrrent Cost 36,077,047.50
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| analysis (Generated 60 kg bio-fuel by sewage gas from cover lagoon)
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Table C-5F
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Table C-6 Economic analysis (Generated 60 kg bio-fuel by sewage gas from cover
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Table C-7 Investment cost for organics waste to ABR process (550 M?/hr)

Investrrent Cost Organic Waste to ABR Process
AL TEms S| whe A nend AL i
ftem Desaiption Quntityy Unit | Unitpice | Totd pice | Unitprice | Total price Arount
A |Bioges Produdtion Plan: ARB system 160 [tons/chy] 0 0 0 0O 134,320,000
B |Buildng 1,230,688
B-1 |Contrd room32X7m 24 n? 12000 263,800 3,000 67,200 336,000
B2 [Mechireroom11.3x7m 791 P 7,500 533250 1,875 148,313 741,553
B3 |Fare &H2SRemoverarea 49 B 250 1250 625 30625 153129
C |Bioges system 26537%
G1 |Bioges Header 2m3 FRP 1 Set 25000 25000 3790 3,750 28,790
G2 | DainTrap6" SUS304 4 Set 22000 83,000 3300 13200 101,200
G3 |Water Removal: Codling 1 Set 1,200,000 1,200,000 150,000 150,000 1,350,000
G4 [HSRenover
HPS removing assentdy 3 Set 110,000 330,000 16,500 49500 379500
Iron Absortoent (Filter) 1080 kg 0 97,200 14 14,580 111,780
Blower for regeneration 1 Set 15,000 15,000 2290 2290 17,250
BagFilter 1 St 28500 28500 4,275 4275 775
G5 |Fare System 1 Set 560,000 560,000 8,500 82500 632,500
D |Instrument & Safety 383,125
D1 |[Inline Aame Arrestor 3' SUS-34 1 St 57,000 57,000 8,550 8550 65,550
D2 | Pressure Switch high/ lowalam 3 Set 15,000 45,000 2290 6,790 51,750
D3 [Themrometer 3 Set 1,500 4,500 25 675 5175
D4 |Pressure Gauge 7 Set 3000 21,000 450 3150 24150
D& |Creckvalve 5 Set 5000 25000 750 3790 28,790
D6 | Themrel Mess Flowneter & Sensor 1 Set 125,000 125000 18,750 18,750 143,750
D7 |OH4 Detector Alam 1 Set 60,000 60,000 9,000 9,000 69,000
E |Fiping Work 30 [ m a0 270,000 25| 6750 337,500
F  |Befricty and Contrd 1 Lot 700,000 700,000 175,000 175,000 875,000
G |PSA(Moddl MB100) 2 Lot 20000000 40000000 3000000| 6,000,000 46,000,000
H  |Compressor ONG 2 Set 1,580,000 3,120,000 390,000 780,000 3,900,000
I [ONG Storage 550 | Lite 20 137,500 63 4375 171,875
J | Digpensing Process 1 Set 5,000,000 5000000 1,250,000 1,250,000 6,250,000
Total Investrrent Cost 19612694250
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Table C-9 Economic analysis (Generated 220 kg bio-fuel by organic waste)
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Table C-10 Investment cost for sewage gas from cover lagoon (550 M*/hr)

Investrrent Cost Sanege gas fromoover lagoon
oL TRIMS amau| wbe Pennsod PILISS TR

ltem Desaription Quantity|  Unit Unit price Totd price | Unit price | Total price Amount
A |Biogas Produdtion Plar: Cover lagoon &5 |tong/chy] 0 0 0 0 5,156,250
B |Buidng 1230689
B-1 |Control room32X7m 24 n 12,000 263,800 3,000 67,200 336,000
B2 |Mechireroom11.3x7m 791 2 7,500 53,250 1,875 148313 74,563
B3 [Fare &H2S Rermover area 49 3 2500 122500 625 30625 153,129
C  |Bioges system 2663756
G1  |Boges Header 2m3 FRP 1 Set 25000 25000 3790 3,790 28,750
G2 | DrainTrap6" SUS34 4 Set 22,000 88,000 330 13,200 101,200
G3  [Water Removal: Codling 1 Set 1,200,000 1,200,000 150,000 150,000 1,350,000

G4 [H2SRenover

H2S removing assendly 3 St 110,000 330,000 16,500 49,500 379500
Iron Absorbent (Filter) 1080 kg D 97,200 14 14,530 111,780
Blower for regeneration 1 Set 15000 15000 2250 2290 17,250
Bag Filter 1 Set 28500 28500 4275 4275 775
G5 |Flare System 1 Set 560,000 550,000 82500 82,500 632,500
D |Instrument & Safety 383125
D1 [Inline Rame Arestor 3' SUS-34 1 Set 57,000 57,000 8550 8,560 65,550
D2 | Pressure Switch high / lowalam 3 St 15,000 45,000 2290 6,750 51,790
D3 [Themometer 3 St 1,500 4500 225 675 5175
D4 [Pressure Gauge 7 Set 3000 21,000 450 3150 24,150
D6 |Oreckvalve 5 Set 5000 25,000 70 3,750 28750
D6 | Themrel Mess Flowmeter & Sensor 1 Set 125,000 125,000 18,750 18,750 143,750
D7 |OH4 Detector Alam 1 Set 60,000 60,000 9,000 9,000 69,000
E  |Piping Work 30 [ m o0 270,000 25 6750 337,500
F |Befricty and Contrd 1 Lot 700,000 700,000 175,000 175,000 875,000
G |PSA( Model M3100) 2 Lot 20000000 40,000,000 3000000] 6,000,000 46,000,000
H  [Corpressor ONG 2 Set 1,560,000 3,120,000 390,000 780,000 3,900,000
I |ONG Storage 5650 | Litre 250 137,500 63 34,375 171,875
J | Dispensing Process 1 Set 5,000,000 5000000( 1,250,000( 1,250,000 6,250,000
Total Investrrent Cost 66,963,192.50
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