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Abstract

Background: Biomethane is a clean fuel upgraded from biogas. It has similar properties to natural gas vehicle (NGV)
and can be used as a substitute for fossil fuels in the transportation and industrial sectors. Currently, biomethane is
not in widespread use as alternative energy because it depends on local biogas production. However, there are few
replacement alternatives and the commercial system is only on a small scale. Therefore, the overall aim of this paper is
to study the financial feasibility of local biogas aggregation for producing biomethane on various scales. The results of
the study are expected to aid the decision-making of investors and governments in promoting the use of renewable
and sustainable sources of energy.

Methods: Primary and secondary data are used in this research for descriptive and quantitative analysis, while net
present value, internal rate of return, payback period, and cost per unit represent the financial instruments. The loca-
tion and distance methods applied are Google Maps and Power Bl software programs, based on biogas upgrading by
water scrubbing.

Results: The results indicate that 10 potential biomethane production areas exist in Thailand, with a total biogas
production capacity of 6,000 m*/day or more under gas pipeline conditions not exceeding 50 km. Compressed
biomethane gas plants with a capacity of less than 6 tons/day should be funded by the government at 30% of the
total investment for a payback period of 5-6 years. Plants producing more than 6 tons/day provide a good return on
investment even without government funding.

Conclusions: While this study focuses solely on areas of Thailand, it is the researcher’s position that the integration
of residual biogas plants provides greater benefit than flare, particularly in remote areas. The model proposed in this
study can serve as a prototype for developing countries such as Malaysia, the Philippines, Latin America, etc. Further-
more, it can be used in developed countries committed to reducing greenhouse gas emissions in accordance with
the Paris Agreement.
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Background

Located in the center of Southeast Asia, Thailand covers
approximately 513,120 km? and has a total population of
around 66.5 million [1]. Thailand’s energy consumption in
2019 was 85,708 ktoe. Commercial energy consumption
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residue, etc.). However, petroleum products were respon-
sible for the greatest proportion of energy consumption
at 49.10% of the total, followed by electricity 20.25%,
alternative and renewable energy 9.95%, coal/lignite
products 8.30%, natural gas 6.50%, and traditional renew-
able energy 5.90% [2]. Agriculture is the main economic
activity in the area, predominantly consisting of livestock
farms involving cattle, pigs, chickens, etc., and cassava
and sugarcane fields, which are primary economic crops
and support the industrial sector. However, wastewater
and waste are involved in most agricultural activities.
As renewable energy, biogas is a sustainable alternative
to fossil fuels, fuel oil, liquefied petroleum gas, electric-
ity, etc., although it sometimes needs to be emitted into
the atmosphere. Therefore, the quality of biogas should
be improved to produce biomethane for vehicles and is
one option for maximizing the use of agricultural waste.
Since the agricultural sector mainly involves livestock
farming, wastewater is drained into public rivers. Once
sufficient research has been carried out on producing
biogas by anaerobic digestion, it can be used to replace
electricity and LPG. Currently, biogas can be upgraded
into compressed biomethane gas for use in vehicles. It
helps to reduce the use of fossil energy and the emission
of greenhouse gases (methane) into the atmosphere.

In the past 2-3 years, there has been an increase in
natural gas vehicle (NGV) users in Thailand due to high
global oil prices. Therefore, the government has imple-
mented a policy to encourage cars, public vehicles, and
trucks to switch to natural gas by fixing the NGV gas
price.

The Thai government has recently introduced the con-
cept of biogas purification to produce biomethane as an
option for replacing petroleum in areas far away from a
natural gas pipeline, such as the north, northeast (south
area), and south (west area), since the supply and trans-
portation of NGV to these areas is difficult and expen-
sive. The supply of energy is limited in these areas with
the transportation costs based on the distance from the
mother station or natural gas pipeline [3]. Consequently,
through its Energy Policy and Planning Office, the gov-
ernment is promoting biomethane research to provide
a solution to this problem by developing alternative
energy using biogas purification for producing com-
pressed biomethane gas (CBG). CBG is the only renew-
able energy source with the potential to replace LPG and
NGV, as well as the only form of alternative energy in
Thailand that can replace fuel oil for vehicles. Biometh-
ane gas is biogas which undergoes quality upgrading by
removing CO,, H,S, and moisture [4] using technologies
such as water scrubbing, pressure swing adsorption, and
membrane separation to meet the vehicle fuel specifica-
tions. CBG is a form of clean energy and compared to
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diesel, benzene, fossil fuels, and liquefied petroleum gas,
can reduce CO, emissions by 78% [5], 90% [6], 30—70%
[6], and 125% [7], respectively.

However, to replace NGV for use in vehicles, biometh-
ane gas must be stored at high pressure (up to 200 bar)
[8], because if stored below 200 bar, the storage tank must
be larger, making it difficult to transport, and thus known
as CBG. Biomethane gas and CBG have similar proper-
ties: they are lighter than air, experience no accumulation
when leakage occurs, and only flammable at between 5
and 15% by volume at 650 °C. However, they have dif-
ferent methane content, with biomethane containing
more than 80% methane by volume. Biomethane purity
standards vary according to country. For example, the
Netherlands requires at least 85%, Switzerland 96%, and
Sweden 97% of CH, content in the injected biomethane
[9]. The biomethane standard in Thailand is set according
to the requirements of the Department of Energy Busi-
ness and must have the same properties as NGV. Accord-
ing to government research, methane for engines should
be 83-89% methane by volume [10]. Therefore, it can
be directly used as an alternative to NGV. Moreover, in
Thailand, the calorific value of biomethane gas for use in
cars must be between 37 and 42 MJ/Nm? [11].

Biogas plants are scattered throughout Thailand,
although the country still lacks the necessary integra-
tion and cooperation to make the most of biogas benefits.
Some biogas plants are located a considerable distance
away from natural gas pipelines while other areas have
many biogas plants with the potential to establish a com-
pressed biomethane gas station for local transportation.

Therefore, the purpose of this study is to assess the
biogas potential for biomethane production and financial
feasibility of CBG through commercial analysis.

Methods

Study area

This study focuses on the financial feasibility of biom-
ethane production in Thailand, divided into three main
processes: (1) the review and evaluation of biogas and
biomethane composition; (2) assessing the financial fea-
sibility of biomethane production based on water scrub-
bing technology, consisting of technical costs analysis,
system construction and maintenance costs, and energy
and financial indicators; and (3) guidelines for apply-
ing the results of the study to target groups, as shown in
Fig. 1.

During the biomethane production process, biogas is
transported through pipelines to improve the quality to
meet the required standards for increasing methane con-
tent. Water scrubbing involves the separation of CO, and
H,S through a physical process, whereby the biogas is
compressed into the bottom of the scrubber tank, with
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Fig. 1 Conceptual framework

the media traps H,S and water sprayed down from above.
The carbon dioxide then comes into contact with the
water and dissolves. The CO, is subsequently discharged
from the stripper tank and the water recirculated back
into the system. During the production process, a small
amount of biomethane is released with the water, but this
will be looped back into the system. This method will
result in high methane content, low cost, and can be used
for vehicles or in the industrial sector (Fig. 2).

Data analysis

Compressed biomethane gas policies in Thailand

The Ministry of Energy is promoting the use of CBG to
replace NGV under the Alternative Energy Development
Plan (AEDP2015 and AEDP2018).

The proposed AEDP2015 aims to develop CBG as an
alternative fuel in rural areas far from natural gas pipe-
lines with a target to increase the proportion of energy
usage by producing CBG from biogas to meet 5% of
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NGV demand with 4800 tons per day, or about 2000
ktoe by 2036 [12]. In accordance with AEDP2015, the
Department of Alternative Energy Development and
Efficiency, Ministry of Energy aims to develop renew-
able energy through compressed methane by upgrading
technologies to replace LPG and natural gas for vehicles
(NGV), while supporting owners of plants who already
have a biogas system and sufficient biogas produc-
tion capacity to produce CBG of no less than 3 tons/
day. The level of support on offer for the construction
and installation of biogas upgrading and CBG systems
is up to 15,000,000 baht per plant for owners of large
livestock farms and seven potential industrial groups:
cassava starch, food and beverages, palm oil, whiskey
and beer, rubber, paper, and ethanol. Such plants must
currently be under construction, already operating a
biogas system producing excess biogas from electric-
ity/heat energy or experiencing problems in connecting
to the electrical grid. Although they may have a biogas
production capacity of no less than 6000 m?/day, plants
must have the potential to produce no less than 3 tons/
day of CBG. The total production of CBG from all pro-
ject participants should be no less than 5000 tons/year.
The government is supporting targeted areas more than
50 km away from natural gas pipelines. These include
northern, central, southern, and northeastern areas and
those with problems connecting to the electrical grid
(feeder line). The direct subsidy from the government
is 20-30% of the investment cost for biogas upgrading
and CBG systems, as shown in Table 1.

Thailand is revising AEDP2018 (2018-2037) by add-
ing the use of biomethane gas for heating purposes. This
means that the characteristics of the developed biogas
are comparable to those of NGV or liquefied natural gas
(LNG). The target user group is the industrial sector, with
the aim of replacing LNG as fuel in the production pro-
cess, but the substitution is still 2023 ktoe (biomethane
equivalent 4800 tons/day) [14]. The government plans to
continue promoting the use of CBG. In addition, since
biogas is the main raw material for producing CBG, gov-
ernment policies promote its production and use from
wastewater and industrial waste. Government subsidies
are used to support the cost of investment for owners of
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biogas production systems to support biogas pathways
such as heating, electricity, and biomethane in the future.

On August 27, 2018, the Department of Energy Busi-
ness, Ministry of Energy in Thailand announced the
characteristics and quality standards of biomethane for
vehicles, stating that the methane content should be more
than 65% [15]. However, although the characteristics and
quality of biomethane may not be in accordance with the
requirements, traders must report the relevant details to
obtain prior approval from the Director-General.

Assessment of potential biogas plants for producing
biomethane

Thailand currently has 1788 biogas plants from three
main waste sources: 351 industrial factories, 1336 ranch-
lands, and 101 communities produce approximately
1405.58 million m>/year of organic waste [16]. According
to Wongsapai, Thailand has been promoting the instal-
lation of biogas systems since 1995 under the Energy
Conservation Fund, Energy Policy and Planning Office
(EPPO) [17]. The Thai government began promoting the
use of biogas in its first swine farms, subsidizing approxi-
mately 33% of the total investment for design, construc-
tion, and consulting fees, with the owner contributing
the remaining 67%. Aggarangsi conducted a study on
the development of biogas technology in Thailand’s
livestock farms, revealing that three main sectors in the
country operate biogas systems: animal husbandry, the
food industry, and community enterprises. These have
the potential to produce more than 1 million m3/year of
biogas, but only 36% of the total biogas can be used to
replace fossil fuels [18].

Therefore, as previously mentioned, for maximum
benefit, biogas should be used to produce biomethane
gas to support sustainable energy in Thailand. Accord-
ingly, the objective of this research is to identify areas
with the potential to operate compressed biometh-
ane gas stations to provide fuel for vehicles using the
biogas system database of the Energy Policy and Plan-
ning Office. Only biogas plants larger than 2000 m3
should be considered since these have the potential to
produce sufficient biomethane gas [19]. There are 348
such plants in Thailand: 88 located in the northeastern

Table 1 Investment support by the Thai government for compressed biomethane gas production [13]

Capacity CBG Subsidy conditions

3000-5999 kg/day
million baht per project

6000~11,999 kg/day
12 million baht per project

Equal to or greater

than 12,000 kg/day 15 million baht per project

Less than or equal to 30% of the investment in biogas upgrading and compressed biomethane gas systems, but not exceeding 9
Less than or equal to 25% of the investment in biogas upgrading and compressed biomethane gas systems, but not exceeding

Less than or equal to 20% of the investment in biogas upgrading and compressed biomethane gas systems, but not exceeding
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Fig. 3 Biogas plants in Thailand with a digester volume equal to or
greater than 2000 m? by region

region, 75 in each of the central and western regions, 55
in the southern region, 35 in the eastern region, and 20
in the northern region, as shown in Fig. 3.

The information for this research was collected from
a total sample group of 156 plants using a survey ques-
tionnaire. The sample consisted of 81 plants in the
industrial sector and 65 livestock farms, to establish the
proportion of biogas produced for consumption and
residual biogas utilization. The survey results show that
the amount of biogas consumption equates to 51-80%
of the total biogas produced by livestock farms and the
industrial sector. Biogas can be used to replace three
types of energy in the production process: electricity
generated from the grid, fuel oil in a steam boiler, and
cooking gas (LPG). Therefore, the amount of residual
biogas utilization equates to approximately 20-50% of
the total biogas produced. Biogas plants with digest-
ers less than 10,000 m> produce excess biogas equal to
approximately 20% of the total biogas produced, while
biogas digesters measuring 10,001-15,000 m? utilize
residual biogas equal to approximately 30% of the total
biogas produced. Moreover, biogas digesters measur-
ing 15,001-20,000 m? utilized residual biogas equal to
approximately 40% of the total biogas produced, while
those larger than 20,000 m® utilized residual biogas
equal to approximately 50% of the total biogas pro-
duced. The eastern region has the most residual biogas
at 77% of the potential biogas produced. This region
has a natural gas pipeline, as a result, power plants and
industrial sectors use natural gas, which is cheaper.
Therefore, the amount of residual biogas required for
a gas combustion system, by the southern, central, and
northeastern regions is 41, 40, and 39%, respectively
(Fig. 4). Accordingly, these figures are used to calculate
the capacity required for biomethane production.
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Fig. 4 Comparison between potential biogas production and
residual biogas utilization by region
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Fig. 5 The number of biogas upgrading technologies being used
around the world in 2017. Adapted from IEA [20]
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Investment structure and conditions for financial feasibility

According to a review of the biomethane technology
in 2016, water scrubbing (WS) had the highest market
share at 30%, followed by membranes which were used
in approximately 25% of all available biogas upgrading
technologies in 2017 (Fig. 5) [20]. The use of biomethane
has been growing steadily around the world since 2011,
with more than 497 biogas upgrading plants operating in
2016 compared to 187 plants in 2011 (Fig. 6). Therefore,
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this study focuses on the cost of biomethane technology
based on water scrubbing.

Water scrubbing (WS) requires low capital investment
and operating expenditure without the need for highly
skilled operators (Table 2). The biomethane gas produc-
tion expenditure can be divided into biogas cost, upgrad-
ing capital cost, upgrading operations and maintenance
cost, capital cost of compressing equipment, compressing
operations, and maintenance cost. The Energy Research
and Development Institute at Chiang Mai University
studied a local gas grid project and submitted it to the
Energy Policy and Planning Office. The results show
that 1 m? of biogas (at CH, 55% by volume) converts
to CBG production of 0.45 kg, including the cost of the
biogas transportation pipeline at approximately 702,777
baht/km. The transportation pipeline cost consists of
exploring the areas, digging, piping the HDPE system,
installing various equipment, testing, dismantling and
repairing road surfaces, warning signs for gas pipes, and

Table 2 Properties of biogas upgrading technologies
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stop/shut-off/drain valves. The cost of materials/equip-
ment and labor costs are included.

The researcher reviewed the appropriate biomethane
cost-based pricing guidelines to determine the cost struc-
ture for biomethane production. The price structure is
divided into two parts, separated according to the pro-
duction process, namely the material cost (biogas pur-
chase), the biogas pipeline cost, and the biogas upgrading
cost (biomethane production process). The product unit
was set in the form of baht per kilogram. The scope of
analysis is shown in Fig. 7.

The cost-based pricing approach is applied in this
study, according to the “Biomethane Promotion Strate-
gic Plan Project for Commercial Energy Use” prepared by
the Energy Research Institute, Chulalongkorn University.
A financial model is proposed whereby the suitable inter-
nal financial rate of return (FIRR) for the project is deter-
mined by the purchase price of biomethane. This reflects
an investment return similar to that of other businesses

Parameters Wws AS PSA MS
CH, purity [22] >97% >95% 95-98% >96%
CH, losses [22] >2% <0.1% <0.1% 0
Power demand (KWh/m? raw gas) [23] 0.25 042 0.25 0.5
Capital expenditures (million baht) [24]

3 ton-CBG/day (250 m*-BG/h) 45 62.9 44 40.7

6 ton-CBG/day (500 m>-BG/h) 59.7 82.2 63.7 60.1
12 ton-CBG/day (1000 m>-BG/h) 855 1074 92.0 88.6
24 ton-CBG/day) (2000 m3-BG/h) 1233 140.3 133.0 130.6
Operating Expenditures (million baht) [24]

3 ton-CBG/day (250 m3-BG/h) 5.1 6.9 9.5 54

6 ton-CBG/day (500 m>-BG/h) 8.2 11.9 174 94

12 ton-CBG/day (1000 m3-BG/h) 133 20.6 321 16.1
24 ton-CBG/day) (2000 m3-BG/h) 216 36.5 59.0 27.7
Volume system [25] Moderate Low Moderate Lower
Site area [25] Moderate Low Moderate Low
Skills of operator [25] Moderate Moderate Moderate High

WS water scrubbing, AS amine-absorption method, PSA pressure swing adsorption, MS membrane separation, BG biogas

Biogas upgrading
Raw materials process
Biogasplant | (Biogas) »| Biomethane storage » CBG prices
groups Biogas pipeline
transportation Operating and
maintenance

Fig. 7 Scope of CBG costs analysis
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at the same risk level. The financial model used to deter-
mine the purchase price of biomethane consists of a
future cash flow valuation throughout the project life
(this study analyzes the project life at 15 years) involving
inflows and outflows. The cash flow must be high enough
to motivate investors to participate in the development of
the biomethane system but not so high as to place a bur-
den on the government in the long term.

To conduct a spatial assessment of suitable areas for
producing biomethane in Thailand, the researcher sur-
veyed biogas plants across the country using question-
naires with stratified sampling. Biogas plants sufficiently
near a biomethane gas distribution station for transfer-
ring biogas by pipeline were selected, determined by a
transportation distance of no more than 50 km. The CBG
production capacity of 3, 6, 12, and 24 tons/day was com-
pared between the case of no government subsidy, 20%,
and 30% subsidies, respectively. Thailand has one cur-
rently active commercial CBG plant capable of replac-
ing NGV. This plant purchases biogas at 2 THB/kgy;qq,s
and CBG at 15.68 THB/kgp¢. The total capital cost and
operation/maintenance of CBG at a capacity of 3, 6, 12,
and 24 tons/day equates to 46.6, 67.9, 98.8, and 144.9
MTHB, respectively (the cost details are shown in Fig. 8).

This study compares the equivalent heating value
between CBG and NGV for vehicles of 43.46 M]/kg (95%
mol of methane). Investment feasibility analysis is applied
to the compressed biomethane gas stations to identify
the financial indicators, namely: net present value (NPV),
financial internal rate of return (FIRR), payback period
(PP), and cost per unit according to the conditions pre-
sented in Table 3.

The discount rate used to calculate the net present
value and payback period is 6.89% since the average loan
interest rate of the Bank of Thailand returns to MLR in
5 years (2015-2019). The salvage value is the anticipated
amount received after 15 years. It accounts for 10% of the

Biogas pipeline at 50 km. ® Material cost (biogas) # CBG capital cost %CBG O&M

250.00

200.00

150.00

CBG cost (MTHB)

100.00

50.00

35139 35.39

0.00
3 6 12 24

CBG capacity (tons/day)
Fig. 8 The structure of compressed biomethane gas cost (excluded
cost of biogas system)
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Table 3 Conditions for the financial feasibility of a compressed
biomethane gas plants

Factors Details
Discount rate (%) 6.89
Biogas pipeline transportation cost (baht/km) [12] 702,777
Biogas price (baht/m3)@CH4 55% by Vol. [12] 2.00
CBG price (baht/kg) [12] 15.68
Production period per year (day) [12] 330
Life of technology (year) [12] 15
Salvage value (%) [12] 10

capital investment which is used by the government to
estimate the value of a local gas grid project.

Results

Potential biogas plants

The network of pipelines in Thailand currently stretches
4255 km from onshore to offshore [26]. Pipelines run
through the central, western, and eastern areas, mean-
ing that most of the transportation sector chooses to
use natural gas as fuel, especially since the cost of natu-
ral gas is lower than biomethane gas. According to the
Ministry of Energy’s biomethane production promotion
plan, areas far away from natural gas pipelines must
bear the burden of higher fuel costs, while other parts
of the country do not. Therefore, this research analyzes
only these areas and the transportation of biogas from
plants to CBG stations no further than 50 km away.
Based on the research principles of the PTT in 2017,
the cost of transporting NGV for more than 50 km is
not worth the investment. There is also the problem
of using the highway as the main route for transport-
ing biogas from the pipeline to the compressed biom-
ethane gas plant. The location and distance from the
pipeline for potential biogas production plants can be
obtained from Google Maps and the Power BI program.
Information on biogas systems in Thailand has been
obtained for this study from the database of the Min-
istry of Energy and questionnaire surveys. All the data
were entered into an Excel file consisting of the name
of biogas plant, location, size of the digester, source
waste, capacity, amount of biogas produced, and resid-
ual biogas. The information was then sorted according
to the amount of biogas produced and residual biogas
from highest to lowest. The data were subsequently
imported into the Power BI program, with the location
of the biogas system indicated according to the relevant
conditions. The program compared locations in the
area according to the amount of biogas produced using
different colors. Only the locations of biogas plants
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with residual biogas and a biogas system size greater
than 2000 m® were selected. The coordinates were then
entered into Google Maps for comparison with the
location of the natural gas pipeline in Thailand. The
GPS system was used to locate the main highway and
measure the distance from the natural gas pipeline.

The biogas plant groups in this study consist of
biogas systems located within a radius of 50 km from
each other, which are restricted by their inability to
apply for a power purchasing agreement, under the
assumption that they will not be able to operate at full
capacity and there is a large amount of biogas to flare.
Therefore, these biogas systems have the potential to
be upgraded to biomethane. The following ten groups
were identified:

Group A has two biogas plants with a pipeline trans-
portation distance of 20 km.

Group B has three biogas plants with a pipeline
transportation distance of 24 km.

Group C has four biogas plants with a pipeline
transportation distance of 35 km.

Group D has five biogas plants with a pipeline trans-
portation distance of 20 km.

Group E has five biogas plants with a pipeline trans-
portation distance of 20 km.

Group F has four biogas plants with a pipeline trans-
portation distance of 37 km.

Group G has three biogas plants with a pipeline
transportation distance of 7 km.

Group H has three biogas plants with a pipeline
transportation distance of 10 km.

Group I has two biogas plants with a pipeline trans-
portation distance of 33 km.

Group ] has three biogas plants with a pipeline trans-
portation distance of 33 km.

Groups C, I, and D have a CBG production capacity
of 3 tons/day with the remaining biogas from the uti-
lization equating to 8,324,250 m>/year. Groups G and
] have a CBG capacity of 6 tons/day with the remaining
biogas from the utilization equating to 10,758,000 m?/
year. Groups A, B, and E have a CBG production capac-
ity of 12 tons/day with the remaining biogas from the uti-
lization equating to 28,795,800 m?/year. Groups H and
F have a CBG production capacity of 24 tons/day with
the remaining biogas from the utilization equating to
34,412,400 m>/year, as presented in Table 4.

The results of this study reveal that despite Thailand
having a large biogas surplus (approximately 82,290,450
m?/year), the country is still unable to utilize this biogas
to its full potential. Thailand should therefore use as
much of this biogas as possible for renewable energy.
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Table 4 Potential of biogas plant groups to biomethane
production

Group of biogas Quantity of biogas CBG capacity
plants (m3/year) (tons/year)
A 7,048,800 3172

B 9,570,000 4307

C 2,244,000 1010

D 3,606,240 1623

E 12,177,000 5480

F 17,820,000 8019

G 5,049,000 2272

H 16,592,400 7467

| 2,474,010 113

J 5,709,000 2569

Total 82,290,450 37,031

Financial feasibility analysis

The financial investment analysis is divided into three
cases: (1) no subsidy from the government; (2) a 20% sub-
sidy of the total investment; and (3) a 30% subsidy of the
total investment. The biogas systems are grouped accord-
ing to a CBG production capacity of 3, 6, 12, and 24 tons/
day under the condition that the distance for biogas
transportation by pipeline does not exceed 50 km.

In the case of no subsidy from the government, the
financial internal rate of return (FIRR) from a CBG pro-
duction capacity of 3, 6, 12, and 24 tons/day is 7.97, 10.12,
25.13, and 28.44%, respectively. Production at 3 tons/
day has the longest payback period of 9.28 years with a
unit cost of 14.65 baht/kgcg, while a production capac-
ity of 24 tons/day has the shortest payback period of
3.58 years with a unit cost of 12.26 baht/kg.g¢. Therefore,
CBG plants with a production capacity of 12 tons/day
or more demonstrate the greatest investment potential
because the FIRR is higher than the market rate (12%).
In the case of a 20% subsidy of the total investment from
the government, the FIRR from a CBG production capac-
ity of 3, 6, 12, and 24 tons/day is 11.64, 14.09, 31.83, and
35.83%, respectively. A production capacity of 3 tons/day
has the longest payback period of 7.53 years with a unit
cost of 14.02 baht/kg g, while a capacity of 24 tons/day
has the shortest payback period of 2.68 years with a unit
cost of 11.99 baht/kgpg. Therefore, CBG plants with a
production capacity of 6 tons/day or more demonstrate
the greatest investment potential because the FIRR is
higher than the market rate. In the case of a 30% subsidy
of the total investment from the government, the FIRR at
a CBG production capacity of 3, 6, 12, and 24 tons/day
is 14.08, 16.76, 36.52, and 41.04%, respectively. A pro-
duction capacity of 3 tons/day has the longest payback
period of 6.28 years with a unit cost of 13.70 baht/kgqzc,
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while a capacity of 24 tons/day has the shortest payback
period of 2.36 years with a unit cost of 11.86 baht/kgqp.
Therefore, all CBG plants exhibit investment potential, as
shown in Table 5.

Accordingly, in the case of no subsidy from the gov-
ernment at a maximum production capacity of 24 tons/
day, the costs will be lowest when CGB is produced at a
16.31% capacity (3 tons/day). With a 20% subsidy at the
maximum capacity of 24 tons/day, the costs will be lower
with a production capacity of 14.48% (3 tons/day), while
a 30% subsidy at the maximum capacity of 24 tons/day at
the lowest production capacity of 13.43% (3 tons/day) is
the most cost-effective. The results show that the amount
of biogas entering the system and the transportation dis-
tance from the pipeline affect the financial viability of the
project. Increased production capacity at the CBG plants
results in a lower price per unit (Figs. 9 and 10). However,
biomethane has the potential to be cost-effective in terms
of performance while also providing a renewable energy
option for businesses. In particular, large-scale biogas
plants producing more than 12 tons/day are likely to be
more competitive in the market, while small CBG plants
producing less than 12 tons/day are less cost-effective
because the production costs will still be higher than for
other fuels.

Discussion

The findings of this study reveal that Thailand does not
make full use of biogas and its potential to produce biom-
ethane, which is consistent with Aggarangsi et al. [18].

Table 5 Investment feasibility —analysis of compressed
biomethane gas plants
Indicators FIRR NPV PP Cost per
(%) (MTHB) (year) unit (THB/
kg)
Case 1: No price subsidy from government
3 tons/day 7.97 5.35 9.28 14.65
6 tons/day 10.12 2032 8.38 14.22
12 tons/day 2513 169.27 415 1245
24 tons/day 2844 26743 358 12.26
Case 2: Subsidy from the government at 20% of the total investment
3 tons/day 11.64 19.69 7.53 14.02
6 tons/day 14.09 38.07 6.29 13.67
12 tons/day 31.83 191.90 299 1215
24 tons/day 35.83 297.07 2.68 11.99
Case 3: Subsidy from the government at 30% of the total investment
3 tons/day 14.08 26.86 6.28 13.70
6 tons/day 16.76 46.94 5.61 13.39
12 tons/day 36.52 203.22 263 12.01
24 tons/day 41.04 311.90 2.36 11.86
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Fig. 9 FIRR with the subsidy by CBG capacity

The government’s financial support will help improve the
FIRR of the project, which is consistent with Wongsapai
et al. [17]. This study reveals the financial feasibility of
each scale of CBG production. Finally, appropriate plan-
ning policies and recommendations can be derived from
the findings of this study.

CBG is an alternative clean renewable fuel for consum-
ers. There are three main reasons why the government
should provide investment support: (1) it is the only
renewable energy with similar properties to natural gas;
(2) it can replace NGV; and (3) it can be transported via
the natural gas pipeline or employed in various devices
that use natural gas as fuel.

Therefore, financial support from the government
is required to support CBG production for three rea-
sons: (1) it would encourage operators to invest in ser-
vice stations located in remote areas; (2) it can reduce
the risk factors involved in natural gas supply, especially
since natural gas reserves in the Gulf of Thailand have
decreased. Therefore, Thailand needs to import natural
gas and LNG from Myanmar which is expensive [27],
affecting the development of NGV usage in Thailand; and
(3) it can reduce the use of fossil fuels which cause air
pollution, thereby improving the environment.
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Fig. 10 Cost per unit with the subsidy by CBG capacity
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In summary, the model used in this study to promote
CBG distribution stations in Thailand can be divided
into three phases: the first phase is short-term promo-
tion (1-2 years), involving large investors (to produce
CBG at a rate of more than 12 tons/day) or financial
readiness and a technology-respected person who has
the confidence to invest. Thus, this group should pro-
mote the use of water scrubbing technology due to its
cost-effectiveness and the establishment of stations in
the area as potential prototypes for other entrepreneurs.
This group should be supported by a government subsidy
of no more than 20% of the total investment as a model
to attract small entrepreneurs, with investment support
measures, tax measures, low-interest loans, etc. The sec-
ond phase involves middle-term promotion (3-5 years),
representing the start of technology growth to enable
entrepreneurs to quickly gain market share. Therefore, if
the government wants biomethane to be used as renew-
able energy in remote areas, it should be subsidizing all
CBG plants; a CGB plant subsidy of 30% with a produc-
tion capacity of less than 6 tons/day, and less than 20%
for CBG plants with a production capacity of more than
12 tons/day. The third phase involves long-term pro-
motion (6 years onward), representing the beginning of
market saturation. During this period, if the government
wants to seriously support the continuous construction
of biomethane gas stations to replace fossil fuels, it needs
to provide a relatively high purchase price subsidy. In
addition, the government should offer similar assistance
as that suggested for the first phase such as investment
support measures, tax measures, low-interest loans, etc.
(Fig. 11).

However, to attract private investors, the financial rate
of return needs to be higher than the market rate. The
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government should set both rates at an appropriate level.
In addition, the government should consider the benefits
to people using the energy to ensure the service fee is fair
to both investors and customers.

In addition, the government should implement policies
for renewable energy to expand the use of biomethane
in industry as well as private and public transportation,
etc., because not only is biomethane a renewable energy
source, it also helps to reduce greenhouse gas emis-
sions. Moreover, the development of biomethane plants
would support the policy of the UNFCCC, reinforcing
Thailand’s commitment to reducing greenhouse gases
by 20-25% by 2030 [28]. This policy aims to drastically
reduce fossil fuel consumption while increasing the use of
clean energy through environmentally friendly processes,
thereby supporting the common goal of many countries
around the world, namely, to reduce global warming.

A review of the Local Gas Grid document [29] reveals
that pipeline transport over 50 km is not worth the finan-
cial investment and installation of a biomethane pipeline
in remote areas far away from the natural gas pipeline
can be carried out by the community. Therefore, the inte-
gration of biogas plants within a radius of no more than
50 km to produce biomethane is an alternative for driv-
ing production in remote areas, giving communities the
opportunity to produce their own energy and use clean
affordable fuel.

The model in this study will benefit both developing
and developed countries, as detailed below.

European Union (EU): Europe aims to reduce carbon
and develop biomethane by 2020-2050. European coun-
tries are biogas-driven and utilize organic waste sources
and the agricultural sector to produce biogas. Biogas
can be upgraded to biomethane for various applications
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»

|
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9 )
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Phase 1 (Prototype) Phase 2 (Imitations)
Subsidy: 20% for >12 tons/day

30% for < 12 tons/day

Subsidy: > 12 tons/day and
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No subsidy: All plants but add polices

Targets: Industries, Trucks, Public transports

Fig. 11 Policy model for compressed biomethane gas promotion in remote areas
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(transportation, chemical production, heat, etc.). Cur-
rently, European policies are pushing the sector to
increase its sustainability and reduce biogas production
costs [30]. The EU residues of maize, wheat, barley, and
rapeseed contribute 78% to the EU agricultural biogas
potential [31].

Latin American countries: Biogas technology is widely
applied in landfill gas technology in developing countries.
Biogas is used for cooking, lighting, or as a vehicle fuel,
but mainly in urban gas. The amount of biogas produced
in Latin America is approximately 217 million cubic
meters per year [32]. However, if this group of countries
employs this research model to further upgrade biogas to
biomethane, more clean fuels can be used domestically,
especially in remote areas.

Chile is poor in fossil fuel resources. Therefore, it
imports most of its energy from abroad (68%) while the
remaining 32% comes from domestic sources (mostly
from hydroelectric power and coal). Chile imports 83%
of its petroleum and there is a risk of an energy shortage
in the future. In 2019, the Chilean government developed
short, medium, and long-term public energy policies to
increase investment in clean fuels for remote areas by
2050 [33]. The country is aiming for a 30% reduction in
greenhouse gas emissions by 2030 [34]. Therefore, this
research is informative for supporting decision-making
on clean fuel investment (biomethane) in remote areas.

Malaysia: Currently, more than 80% of Malaysia’s solid
waste is disposed of at landfills. As a result, Malaysia
urgently needs to move toward sustainable solid waste
management, and the recycling of organic waste is cru-
cial. Specifically, anaerobic fermentation to produce
biogas will lead to energy and environmental sustainabil-
ity in the domestic market [35]. Therefore, this research
extends the analysis of the financial worthiness regarding
biogas upgrades. It is also a biomethane for investment in
clean fuel.

Republic of the Philippines: The Philippines is an archi-
pelago and the islands are among the most affected by
worsening climate change. The Philippines has been
mandated to use biofuels through the Biofuels Act 2006.
Thus, foreign companies are interested in bioenergy
investment to help the Philippines develop more energy
sources [36]. Since the biomethane model in this study
can be installed on an island, the problem of transporta-
tion between the islands can be resolved, helping inves-
tors and the government to develop clean fuel in all
island areas.

Conclusion

Thailand has 10 potential areas for establishing CBG
plants. If the government does not support investment
in biogas plants with a production capacity of less than
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6 tons/day, payback periods of 8-9 years may be unat-
tractive to investors seeking a quick return. In this group,
the government should support investment with a 30%
subsidy of the total cost at a payback period of 5-6 years.
The government may not need to provide any subsidies
to biogas plants with a production capacity of more than
6 tons/day, because the returns are worthwhile. Moreo-
ver, if there is no support for this group, the creation of
a commercial prototype may not be possible. Therefore,
the government should provide a subsidy of less than 20%
to motivate this group. Subsidies from the government
are important for ensuring investor confidence in renew-
able energy, providing opportunities for biogas opera-
tors all over the country who are interested in investing
to produce biogas at full capacity. Currently, CBG is the
only renewable energy with similar properties to NGV
for reducing the natural gas supply. Thailand will then be
encouraged to move toward energy sustainability.
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