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lalddayaasrusznavvasinglaidouazniie Utilities 3nlsalnin@aiannudausiuvuin 9.9 MWe fiidnsau
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.L‘Ll‘i‘il:‘i.lﬂa‘l.lﬂWﬁﬁﬂLﬂUﬂﬂﬁwﬁﬂﬂﬂﬁﬁﬂﬂﬂu (18 U naan1sUauazaaznaquniis) 16 MUSD/yr (yarilu o T

2024)

5. IUUF1aVNWNISHU

5ULUUN5A9YUEINa BECCS Ammnzandmiuiiuiinnamilevesuszinalneasiuuuu Partial Chain
Aruandluzuil Fauenn15aYUSLUUANIY LazszUUYUAILaz iU (Transportand Storage, T&S) 8803701
Tnefilsslnihdunaudazuidessszvudnfuiufnannmssidunumulniivedlssinii laedamuanaduuier
w =t = a o 4 = = = ) o o ar
Wevadlselnihduiaies vie vidniensuneduiidanudsingiane wllngldanmsugluivsesnsdida
A13UBU (Carbon Removal Certificate, CRC) Tumana (5U 6) vauzdissuvvudeuaziniiu fesldfiufiansisazluns
Nevivvudazpuiniu meTamuszriniguazienvuiaduguuuunsamuiivinzay laesgiudiamatuuas

wnvuamuuaziudiulumszuy neldfinnnasssudounmsvudwasiniy fdafuanszuudndumudiunm

U

CO. fids (Ui 7)

Biomass power plants

.

% c’q : ﬁ
o

R
L b} H
% '
‘;“ I "’#
-~ | i
% -

5 o S Y |5

T&S operation

gﬂ‘ﬁ 5 Partial Chain Model

BECCS inalulad n1sasnu na=veiauenu=Gauloutg memms



Interest and
principal payment

Revenue from CRC

Pt

Carbon removal
Carbon certificate (CRC)
Market

Private Entity

Equity investment Return on equity

investment

Coupon and
principal payment

Debt investment

Investors Biomass Power plants

5U# 6 sUuvumsasuuaznalanisasesielalussuuaniu

Revenue from CRC

AP+OP

AP = Avaibility Payment
OP - Operating Payment

Private Entity
(T&S)

¥

L aee wes see wee

JusawuIBA0L)

Land acquisition

Transport

16 biomass power plants

SUR 7 SUBUUMSAMUSTUUTUdUaginAY

. BECCS nalulad msainu na-verauenusauloute




MTiATIziNTiAY (Scenario Analysis) witaanidu 6 arnvimi Uszneudeannvimitagiu uazanviauds

o =

= = v & o= = =
auuﬂﬁ’]‘u@ﬂ 5 ANNVAY HEAASULNUNNENITEUY (E‘UVI 8) Al

GupWivsr || investment |
~ (Gran®) Tax Credit

(> o

) ayumszdiAny

Aunumsinduuazinifiunivey
10 frudusiel = $954 M sl

mmfusuiiliansfnfuiuwn
fla $75/tCO, uassmAduautu
iildussqdimneinifiuaduou
10 Awdudel Ao $115/tC0O,

Druramssihonvdlalusedumia
annsaussgdnemsinduanivey
10 fududot fsmprfuau
$105/tC0, Tuld

annsaussplneindunduou
10 Fruiudelld Tnsllnrsznsgamyu
Aaninigludag $800 - $6000 M
denmmiusundsagluga
$60-590/tCO,

© 00 ©
O 00 ©

dauidtusalnsanfuyunasmaiuldiu
envu

©O © 00 ©
O © 00 o ©

o

5U# 8 dyunanisiiasieiainiin

aMnviali 0 (50) Bvamunmsailagiuiilifisaamsueunatedu mndeamsussghmnensinfiuensuey 10
fususiel Azdidunuaiufuvesszuudniu 843 MUSD/yr wazszuuvuaiwasinfiu 111 MUSD/yr saudlu 954
MUSD/yr &slumsuiinisamuazliifiadumazlifingle

a1 (S1) Ssauudpuindiszuudionneavslunisusssfieidounszan (Emission Trading Scheme: ETS) i
TIAANFUBY 115 USD/ACO, Tadlntfinsis 16 wisazlannuduemamaiuuasdnauldamantmime 10 Sudusiod win
mimasueusindy 115 USD/ACO, Swnilsdlnihdunaiidauduailumsamuszuudndvezanas wazRuganyu
aifiuduauiisnaiandueu 74 USD/ACO, agliflssliiiladaududilunisasuay maszaedansznisgamuli
LanwﬁmnmwuwﬁaLLaxﬁﬂLﬁUﬁaﬁuﬂixu1m 700 MUSD

andiadil 2 (52) SesasmAguing ETS Tutsumalvg uwazmedgaamyulaglftuyuliivardosas 50 veaiuamu
szuudndu wui Ruamuitasasihlifsmensusuivhlussauimene 10 Sududelanandu 105 USDACO, sz
nsganyuYesMAsglusuuAnTUTAUsEIIN 1,242 MUSD Ui 105 USD/CO, faadiusanitgann iesanndunu
nsandualugBudldaelunsdudums

e 3 (53) Seaundgiuingd ETS lulszmdlng uazansgeanyulagliasinn18Ruamu (Investment Tax
Credit, ITC) dndiufosaz 50 YIRUAMUTZUUANIY NUd1 imAnFusuiinld ussaithwang 10 fudusdelide 105
USD/tCO, Wuriu usdeanainiiamiil 2 assfimadgliGuienvunendshumslidiuannBtuldliyana

BECCS inalulad n1sasnu na=veiauenu=Gauloutg memms



o

animfii 4 (s4) BsaumAgiudndl ETS luvszmalng wazmasgenmyulaedyrdevisdiusinsdmiuaiuou
(Carbon Contracts for Difference, CCfD) wudh CCD ussauihwanedt 10 wdudelunntresmeiveu aghdls
A nsznIganyUazanad 1,600-1,700 MUSD %09 Masfisdunessiaasuaudl 10 USDACO, Tnsnsdiandeiian
(P§UBUIAN 0 USD/tCO,) AS¥ANTRANYUILYINAY 16,427 MUSD vaizfisz@usinansuau 60-90 USD/tCO, &
IndiAeafiusan Carbon Permit luszuu EU ETS (A.A. 2022-2024) wuin apsgaziinnsznsganyuuszain 1,400-
6,000 MUSD uaz 800-6,000 MUSD lunsaldyeyuuumaiiien (One-Way CCfD) uazdyayhuuaasnng (Two-Way
CCD) muanu

aniali 5 (55) SsaunBgumileuniniiad 4 wanfiunsdaasuiuiaendednnaesgifuriensuiiasmuszuy
Andu mszmsgauyuesiganas esnszdusaldanslu i anawnudununsindufianas auudldsns
nonudeRuiivhfudesas 3 Samdruniaudenuuifu 1 wudh fsenarsueu 60-90 USD/ACO, nasgasdiangs
msqwquaﬂmmﬂmﬂﬁﬁﬂﬁ 4 wdeaiduuszauna 1,100-5,500 MUSD uaz 300-5,500 MUSD lunsdldggiuwuy
MAfYILazFYYMUUADIN anUFAU

6. Volauanuziseuleule

Volduanu=isyulgurg/iunisnu

@ szuzusn (2025-2030): N159TINFIULATATIUTIe TR

1. diiunsdndmatnaniuauniatadumeluusend (mandatory carbon market) wasfyupgsa N3
hmnglunisteuneavnisudesieidounszan

2. fgesatuayuRulviiudrdmiulasenisiides (pilot projects) lagaanunaslunuszniauszme i

Fayalunsimuauleunsludduialude

3. Wau1s¥UUN15§USa Carbon Removal Credit (CRC) wazidaslosfiunainmsvaumetsduiiioadnguasd
Trifuasuauvaslasens BECCS

@ szeznans (2030-2040): nMsveEkanazUFuUssUsEinSawvesuleuny
venEsTUUAaIAATfUBULATAMUA Quota Obligations iamszyniiuliigaanvnssuiiuasefedounszan

—=

g9 fiestaiAsin BECCS anudnduvainisudesing CO,
2. §gasianslasinisnissannusedneiuaianyy tanmuilassadreiugiussuvsudinaziniivarfuau
3. 1 ccfd Fabumesmsnfivszangaiwgs Wasnniluusqdlaiiyjatiunadns (result-based incentive) 314
tWunalnnsRudwiu BECCS
4. desaundaduiaanileni (soft loan) lagdgiiudusuiasnideduazsuinsszningszve ietizan
= s [T S ")
pnudsdliifamulugiaiudiy

® szuz12 (2040-2065): nqsﬂ%"ﬂﬁwuﬁé"aﬁwmwmﬂﬂagi'szﬁ'umuwﬂﬁ
sgnganuslomelddonnasiiiade 6 (Article 6) tlatiuayunissauyussnitsamalunsamuszuy
BECCS

2. @¥a52uy BECCS fftamnutadld (selfsustaining system) Sgasuiulassadranisaduayulugssuuiidusos

[y

waiwugFuiinvauduyudiulvg leedadinemuddiundiiunanmeanivey vie seldnmsuszya
dnsmsvassmedeunszan laedadld CCD wazpatpafuauduniadioddny

= BECCS inalulad msasnu na=veiauenu=gauleute




Volduonu:geulovreiioatduayunisdiunisiu BECCS voUs:in

1. dauuleurguaznguune simuatmngnisinifiu Co, fe BECCS uazdoulesunumsanfudaunszan
yesUszivAiULRLUN I YR sUssmAlaenadesiu udusiianszuiunsesnnsr ety dinnudsunasanm
gfiome waznsuflungraneiideades lussezdaluenavfuiudeulsnsfansanmsdoangdy vdensduve
Tusugadiiumslsslwilmilfannsasesiuszuu CCs Ia

2. dnulaseadreanugiu Sududesuivdgslassaiietugulssinihdunaiifieg (retrofit) asesfumsAnsiiszuu
fndu CO, wazimunlassasIRiugIuszULILaY CO; Tnednmarudululdlunisdaudasssuuviorudsmnuunuaieo
o = 1 P o oo o s v oo = 3 I =i & 2 o & P @
Mevseviethifudy dwunisinfumsiasadundsiadsdinihdanalmilifaeaadeenuiuiiunaainiu CO.
gy ' ' w2 = £ P e '
#fldnenn uazeanuuuunawdeyuazunasiniiu CO. (source-sink matching) uuuysaIMs lagrdafiaunds
Uaay CO, due e

3. $rumalulad msatvayunsideuaziaumelulad BECCS fiasnndasiuunuiiimamelulad ccus vas
Uszina lagszuudndumsissuasimuniloandunuuaziinuszansnmmsandu Co, Mmnzaufudnuaziams
gaslselniduna (ududuves co, s uarlagdnlng)fulsslvifiwua SPPAVSPP) uaxdosimsdndalasanis
an8m/hses BECCS itaifiulassadnefiugunandlunisisouasian

4. fruarudBunasdawandau wxdesdimaiauiszuunisuszdiu CRC filusslauaz@ofiold Tngarasavanan
naln TVER sauflsnisimunnseuntsuszdiunansznuiawnndon (EIA) wazszuun1snsiain 1891 wasnuaau
(MRV) filanizianzasdindu BECCS uazilunnsnisinmnulasnsovesssuvauduazssuuindiu siasening
Andunsuazraansiavgu

5. drumsa$ieaudiufiouazniseausu aswenlesfusznaumslsdlnirdunauazdifeidassinu BECCS T
WhsATetng Thailand CCUS Alliance (TCCA) hazasiauduiienuusunanidlasinisau BECCS lngsjaitiy

& &1 2 ey L T | ar 1 & L2 | & =l o
ysannsesranuiunalnnslinuide Ussanduiusgmauszandinuuazinounsasdanuilugiiialaidondn
Tngdanlnmedayanisdiiunisdu BECCS agrslusdlawazasiaasuld srudalasuilsmnuiivainynaiadu
AudtupaumMsivuaulyue

BECCS inalulad n1sasnu na=vaiduanu=Gouleute s



b
A

Executive Summary

1. Motivations and rationale for BECCS

Climate change and global warming are urgent challenges that Thailand aims to address through
its 2050 carbon neutrality and 2065 net-zero greenhouse gas (GHG) targets. Bioenergy with carbon capture
and storage (BECCS) technology will play a key role in Thailand’s GHG reduction for the energy sector, with
a goal of capturing and storing approximately 20 million tonnes of CO: per year by 2045, and increasing
to 60 million tonnes per year by 2065. Thailand's abundant biomass resources can be employed towards
BECCS to reduce CO: emission and to meet its net zero emission goal in accordance with its national
‘Long-Term Low Greenhouse Gas Emissions Development Strategy’ (LT-LEDS) and in line with international
global warming reduction guidelines.

2. BECCS technology and current status

BECCS is a technology that combines biomass-based bioenergy with COz capture and storage.
The process begins with CO2 absorption by plants through photosynthesis, followed by combustion or
fermentation of the biomass to produce energy. The resulting CO: is captured and compressed into a fluid
phase for transportation through appropriate systems such as pipelines and/or trucking. It is then injected
into safe storage sites, e.g., saline aquifers or depleted oil and gas reservoirs.
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Figure 1 BECCS process overview

Although the technology readiness level for the individual components of BECCS is high, globally
BECCS implementation for biomass power plants is still sparse and increasing slowly. There are currently
only 10 BECCS projects for power plants worldwide, with a combined capturing capacity of about
16 MtCO2/yr. Among these, only the Mikawa Power Plant in Japan is in operation, while 2 additional projects
are under construction, namely the Asnaes Power Station and the Avedore Power Station in Denmark.
This reflects the risks and challenges associated with the implementation of BECCS to biomass power
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plants, such as the high capture costs (due to the relatively low concentrations of CO: in the exhaust gases
compared to those from other industries) and the lack of infrastructure for CO: transport and storage.
Financially, the main obstacles are the provision of funding and sources of income, which require the
collaboration of both the public and private sectors, as well as the readiness of carbon trading measures
and mechanisms.

3. Biomass power plants and storage sites in northern Thailand

The areal scope of this study was defined according to the electricity generation boundary for
‘northern Thailand’ as laid out by the Department of Alternative Energy Development and Efficiency (DEDE),
which covers 17 provinces and a total of 47 biomass power plants that were already supplying electricity to
the grid (COD) by 2023. 1MW) employ gasification technology. The design process of CO; capture system
in this study is therefore intended for the region’s steam turbine power plants, whose installed capacities
combine to an approximate total of 967 MW.
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Figure 2 Locations and amounts of CO: emissions from the biomass power plants of northern
Thailand, and locations of CO: storage sites at the Lampang and the Nong Bua Basins.

Selection of appropriate storage reservoirs was performed by incorporating the criteria based on
the European Union’s good practices for COz sequestration in aquifers [1] along with the locations of the
available reservoirs in relation to the locations of the biomass power plants. As a result, 2 sedimentary
rock reservoirs from the Genozoic Era were found suitable as CO: storage basins, namely the Lampang
Basin in Lampang Province and the Nong Bua Basin in Phichit Province. Subsequently, the static storage
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capacity was calculated using the volumetric estimate equation, and the dynamic storage capacity using
the CO2BLOCK instrument. It was found that the Lampang Basin has a maximum injection rate of 25
million tonnes per year and a total storage capacity of 875 million tonnes, while the Nong Bua Basin has a
maximum injection rate of 4 million tonnes per year and a total storage capacity of 140 million tonnes.

Therefore, the CO: storage target in northern Thailand for this BECCS project was set at 10 million
tonnes per year, or about one-sixth of the national CCS target for the energy sector by 2065 (60 million
tonnes per year). The Nong Bua Basin is this study’s primary storage of choice, chosen to accommodate
CO: from the biomass power plants located in the lower part of the region and to be utilized at its maximum
injection rate of 4 million tonnes per year. The Lampang Basin is selected as the other storage site to
accommodate the remaining 6 million tonnes of CO: per year.

To assess CO: emissions by the individual biomass power producers, calculations were made
based on the amounts and types of biomass required for their electricity generation under a set of relevant
assumptions, to yield their annual COz emission rates. The northern biomass power producers that emit
the highest CO: are specified up to the combined 10 MtCO./yr target storage level. The coordinates of the
resulting 16 power plants were used as the basis for the design of CO: transport and routing systems from
the sources to the 2 selected geological storage sites (Figure 2).

4. BECCS system cost estimation

@ Post-combustion capture system
The post-combustion capture system was simulated using amine absorption technology, specifically
employing monoethanolamine (MEA) as the absorbent at 30wt% concentration. The simulation design was
carried out based on exhaust gas composition and utilities data from a biomass co-generation power plant
with 9.9 MWe capacity. A carbon capture plant was designed to receive an exhaust gas stream with a
flow rate of 110 kg/s and a CO:z concentration of 13% by volume (wet basis), using a CO: capture rate of
about 97%. This cost estimate for the COz capture system covers the cost of installing the system into the
existing facilities of the biomass power plant (Figure 3).
¢ The Capital Expenditure (CAPEX) estimate for the CO: capture system is 117.96 MUSD.
¢ The operating expense (OPEX) is estimated at 19.59 MUSD/yr, which consists of annual fixed
operating expenses for capture at 16.33 MUSD and for pressurization at 3.26 MUSD (assuming
8,000 operating hours per year).
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Figure 3 Flow diagram of an integrated CO, capture system for a biomass power plant (9.9 MWe)
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@ Transport system

Based on relevant factors, the most suitable routes for transporting CO: from the 16 emission
sources (totaling 10 Mt COz/year) to the 2 potential storage sites (sinks), namely the Lampang Basin in
Lampang Province and the Nong Bua Basin in Phichit Province, were optimized. Figure 4 illustrates a
comparison of CO: transportation routes between trucking and pipeline.

By specifying CO:ztransportation by trucks via highways (hnumbered from 1 to 3 digits) and the state
of CO: as a dense fluid, it is assumed that the daily amount of CQ. transported equals the amount of CO-
from the emission source. It was found that the investment costs amounted to 322.56 MUSD, while the
operating expenses were 22 MUSD/yr.

Pipeline transportation is restricted by related regulations. The largest pipes (trunks) are designated
to follow the former oil pipelines while branching pipes follow highways, based on the shortest distances
between the emission sources and the storage sites. Air compressor stations are also installed at intervals.
It was found that the investment cost of the main equipment for the system is 11.95 MUSD, and the
operating expenses is 18.20 MUSD/yr. Due to these lower costs, pipeline transportation was selected for
the design and evaluation of the financial models.
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Figure 4 Design simulation for the optimal CO: transport routes by trucking (left)
and by piping (right)
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@ Storage system

The injection period for CO storage was designed for 25-year operation in association with the
lifespan of the CO: capture system. With the storage target of 10 million tonnes per year, the storage
capacity and injection rates of the 2 target reservoirs were designed, as follows:

* The Lampang Basin was designed to accommodate a maximum injection rate of 6 million
tonnes per year, resulting in a maximum storage capacity of 150 million tonnes over the 25-year
injection period.

¢ The Nongbua Basin was designed to accommodate a maximum injection rate of 4 million
tonnes per year, resulting in a maximum storage capacity of 100 million tonnes over the 25-year
injection period.

The cost estimates of the storage system were calculated following the stages of storage project
development outlined by the International Energy Agency (IEA). Post-closure Measurement, Monitoring
and Verification (MMV) was also included according to Thailand’s regulation draft. The MMV is scheduled
annually for the first three years, followed by one survey every five years over the next 15 years.

* The capital expenditure (CAPEX) for capturing 10 million tonnes per year were approximately

323 MUSD, covering expenses in the stages of resource assessment, design and development,
construction. An additional 35 MUSD for permanent well closure and abandonment was also
estimated (monetary value as of 2024).

¢ The operating expense (OPEX) consists of operational expenses (25 years) of 41 MUSD/yr and

post-closure expenses (18 years after the closure) of 16 MUSD/yr (monetary value as of 2024).

5. Financial model

As shown in Figure 5, the BECCS business investment model for northern Thailand should be a
partial chain, which separates investments in the capture system from those in the transport and storage
(T&S) systems, with each biomass power plant installing its own capture system. Investors may be the
biomass power plants themselves or other private companies with specific expertise. Revenues will result
from the market sales of carbon removal certificates (CRC) (Figure 6). Since the T&S systems must rely
on public land to establish pipelines and storage sites, public-private-partnership (PPP) are, therefore, an
appropriate form of investment: the state provides the land, while the private sector invests and operates
the systems, with revenues generated from T&S fees collected from the capture system based on the
amounts of CO: delivered (Figure 7).
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Figure 5 Partial Chain Model
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Figure 6 Investment model and revenue generation mechanism for the capture system
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Figure 7 Investment model for the transport and storage systems
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The scenario analysis is divided into 6 scenarios: 1 current scenario and 5 hypothetical scenarios
with financial returns (Figure 8), as follows:

i Summary of key points

The cost of capturing and storing 10
million tons of carbon per year is 5854
million per year.

The minimum carbon price required to
achieve a storage target of 10 million
tons per year is 5115 per tCO,.

It provides some financial relief for the
private sector, enabling the achievement
of the 10 million tons per year carbon
storage target when the carbon price
reaches $106 per tCO, or higher.

The 10 million tons per year carbon
storage target can be achieved, but it
would require government subsidies
ranging from $800 million to S6 bilion

© oo o of

when the average carbon price is
between $60-580 per tCO..

This pports §4 by reducing
financial costs for the private sector.

®© 6 66 6 o

Figure 8 Summary of the scenario analysis

Scenario 0 (S0): Based on the current situation where there is no mandatory carbon market. To achieve
the carbon sequestration target of 10 million tonnes per year, there would be an incremental cost for the
capture system of 843 MUSD/yr and for the transport and storage system of 111 MUSD/yr, for a total of
954 MUSD/yr, which would not be practical for investment due to lack of income.

Scenario 1 (81): Based on the assumptions of an emission trading scheme (ETS). At the carbon price of
115 USDACO, all 16 power plants would be financially viable, and the annual capture target of 10 million
tonnes achieved. However, if the carbon price dropped below 115 USD/tCO:, the number of biomass
power plants willing to invest in the capture system would decrease, necessitating higher government
subsidies. Once the carbon price fell to 74 USD/tCOz, no power plant would achieve a sufficient return on
investment, resulting in a total government subsidy burden of approximately 700 MUSD for the T&S system.

Scenario 2 (S2): Under the assumptions that there were an ETS in Thailand, and that the government
subsidized 50% of the capture system investment as grants. It was found that the reduction in investment
cost would lower the carbon price required to reach the 10 million tonnes annual capture target to
105 USD/tCOz, while the government subsidy burden on the capture system would be about 1,242 MUSD.
However, 105 USD/tCO: is still a very high price, as most of the capture costs are operating expenses.

Scenario 3 (83): Based on the assumptions that there were an ETS in Thailand, and that the government
subsidized the capture system by providing investment tax credits (ITC) covering 50% of the capture system
investment. It was found that the carbon price to achieve the 10 million tonnes per year target would also
be 105 USD/tCO:. However, the difference from Scenario 2 is that the government would provide subsidy
afterwards via corporate income tax cut.
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Scenario 4 (S4): Based on the assumption that there were an ETS in Thailand, and that the government
subsidized through carbon contracts for difference (CCfD). It was found that a CCfD subsidy would achieve
the 10 million tonnes annual target at any carbon price. However, the subsidy burden would decrease by
1,600-1,700 MUSD for every 10 USD/ACO: increase in carbon price. In the worst-case scenario (carbon
price of zero), the subsidy burden would become 16,427 MUSD. At carbon prices of 60-90 USD/tCOsz,
which are on par with the carbon permit prices of the EU ETS (2022-2024), the government would have
subsidy burdens of approximately 1,400-6,000 MUSD and 800-6,000 MUSD in the cases of One-Way and
Two-Way CCID, respectively.

Scenario 5 (S5): Based on the same assumptions as Scenario 4, but with the addition of low-interest
loans from the government to private entities who invest in the capture system. The state’s subsidy burden
would decrease as the exercise prices in CCfD decreased along with the capture costs. Assuming that
the loan interest rate was 3% and the debt-to-equity ratio was 1, it was found that, at carbon prices of
60-90 USD/tCOq, the government would bear lower subsidy burdens compared to Scenario 4, at
approximately 1,100-5,500 MUSD and 300-5,500 MUSD for One-Way and Two-Way CCfD, respectively

6. Policy recommendations

Financial policy recommendations

@ Short term (2025-2030): Lay foundations and foster incentives

1. Accelerate the establishment of a mandatory domestic carbon market and specify target industries for
greenhouse gas emissions trading.

2. The government should provide grants for pilot projects, perhaps with support from international
funding sources. Information and experience gained will also be valuable for subsequent policies.

3. Develop a CRC certification system that is integrated with the mandatory carbon market, to create

demands for BECCS projects.

@® Medium term (2030-2040): Expand policy implementation
and enhance policy effectiveness

1. Expand the carbon market system and set quota obligations for high-emission industries in terms of
BECCS credits that must be purchased, in proportion to their CO2 emissions.

2. The government should establish public-private partnership (PPP) joint-venture projects to develop
infrastructure for carbon transport and storage.

3. Bring forth CCfD as a financial mechanism for BECCS, given its highly effective result-based incentives.

4. The government, jointly with domestic and international banks, should establish soft loans to mitigate
risks for investors during the initial stage.

® Long term (2040-2065): Build sustainable policy frameworks
and expand international partnerships

1. Expand collaborations under Article 6 of the Paris Agreement to support international joint ventures in
BECCS.

2. Create self-sustaining BECCS systems. The government should shift its support structure to a system
where polluters bear most of the costs, by setting up funds sourced from carbon taxes or income from
auctions of greenhouse gas emissions rights, while still using CCfD and the carbon market as key tools.
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Policy recommendations to support Thailand’s BECCS implementation

1. Policies and regulations: CO: storage targets for BECCS should be set, and national greenhouse gas
reduction plans should be consistent with national energy plans. The issuance of the Climate Change Act
and amendment of related regulations should be expedited. Later, CCS compatibility may be added into
the conditions for license renewal of existing power plants and permit issuance for new power plants.

2. Infrastructure: It is necessary to retrofit existing biomass power plants to support the installation of
CO: capture systems and develop CO: transport infrastructure by studying the feasibility of modifying the
existing oil or gas pipelines. For storage, the locations of new biomass power plants should be optimized in
accordance with potential CO: storage sites. Such integrated source-sink matching should be considered
for other CO2 emission sources as well.

3. Technology: Research and development on BECCS that is consistent with the country’s CCUS
technology roadmap should be supported. Capture systems should be studied and developed to reduce
costs and optimize CO; capture efficiency according to the characteristics of biomass power plants (low
CO:2 concentration from mostly SPP/VSPP). Also, demonstration/pilot BECCS projects must be established
to serve as shared facilities for future R&D efforts.

4. Sustainability and the environment: A transparent and reliable CRC assessment system must be
developed. This may be built upon the T-VER mechanism, as well as the development of the environmental
impact assessment (EIA) framework and the measurement, reporting, and verification (MRV) system specific
to BECCS. Safety measures shall be put in place for the transport and the storage systems, both during
operation and in the post-closure stage.

5. Fostering collaborations and acceptance: Encourage biomass power plants and BECCS stakeholders
to join the Thailand CCUS Alliance (TCCA) network. Foster collaborations with international BECCS projects,
focusing on knowledge integration through research funding mechanisms. Communicate with the public
and dissemination of knowledge to key stakeholders. Information regarding BECCS operations must be
disclosed in a transparent and verifiable manner, while taking opinions from all sectors into consideration,
from the initial policy-forming stage onwards.
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glenmevasandszanndndadl 26 (COP26) Mazjagiihmuneanniunanamemsuay (Carbon Neutrality, CN)
nelull 2050 uazmsuassiedaunszanandidugud (Net Zero Emissions, NZE) melull 2065
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GHG wazfumalulad NETs Uszinvmilsfinaunaiunmsigtiuiaiiendnwasnu (bicenergy) Whiiunszuaunis CCS
Tnefigajomneiierdidn CO, sananduussenmakazihluinivegrsUaeade

nsrvUMiuYes BECCS (Aumandlu JUfl 1.2) Guduanitvgadu CO, lussmiamsiaigdulnganain
UTTLIMARNUNTZUIUMTAUATIZIUEA (photosynthesis) MnTiudanaiifieduazgnifiuien 53U wazauasludy
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] - o o : - v o
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flaunsafnduuazingu co, Tdegamsluumdsumldfuiaiuisidyuazsuiu venanid BEccs Sxunum
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2.1 innlula@ BECCS

2.1.1 inAluladna:zs:uumsAndu CO, (CO, Capture)

JURBUNSANIU CO, M5t dunalvilanududugaiehdanudfgseszuu CCS Wasnniwlaide
= a LT | ' 1w = ' ' . w2 o B
iinannszvaunswnlnfaszdiinedus W SOx, NOx, CO nauagiig & denasraszuvaudauaziniiu felu
m3andu Co. Willuszavdnnuazfinnuuigvsgedsdndusosusn CO, sannnfieduq Tudnreuniendinszuiums
winlndl Tngunfudivuneuilazfidunugeisiasas 70-80 vassuyuvisszuy BECCS aszuudnduanansaduunle
4 walulad (U 2.1) diadl

1) mandumasnsieniug (post-combustion) Wumeluladdndu co, nnfwladeiinaunamnnszuaums
wnlndl Falanundeudeudrsgadlaiguiumealulagau
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ufiadfliadu (gasification) fau el fiAafwasusuusuanled (CO) uazielalnsiau () Mnduidednguiase,
Water-gas Shift fing CO azwdsuifiu CO, Aflaudadugedstosas 1560 [9] Seganiranududures Co.lufe
odsnnmasnludfidemasdwsunisdnliinlaeitly Sntsdsdanudugs (2-7 MPa) shlsnszuaunisuesn COs
sonanmeleddldndinutios weluladiinldiulsslnifiuuy Integrated Gasification Combined Cycle (IGCO)

3) mswnlnsdlagldean@iau (Oxy-fuel combustion) Wumalulad@indu Co, nmevdan sl Tnguwn sl
Beimdsteaandnuiinnududugs (95%) dmalifeladeriiatuiaududuresie co, gilieras 80-98
Virldmsdndundamewning fiuszavsnmuazannsadamsiomsvudsuazdniuldineg [10] sgslsiionu weluladd
feslinsfinugneandiuanameaseweluladnmandudionnudu (cryogenic distillation) vildszuudaudhadudou
wazdlsuyugs

4) mswnlndiuuuiafineagly (chemical looping combustion) 1unsdndu CO. waanswningd lag
nszvumswliAnnnnsiuiisowesdemasivlanzeenles Saduihiivudsesnduuunumsuniviiiueandiau
lngnss Inglanzeanledazgnimduazrunduluvihuiiterdveima nanelulanzesnleddmsunisinludsialy
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dwsumsvuduazinifivsisly
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2.1.3 nalulaéinsfininu O,

walula8nisfnifiv Co. fe nszuiumsih o, fivdesaanunannuvasing wu lssnundnnszualnii 1nda
wazAnfulluduiuldduiiomnzan Sesznaudreduundsiniiu (formation) uazfiufindu (cap rock) udhwaz
derfuunaainifutinndeufiaansadnfuiesssum @l unaman

wufansiniu o, @essihne AemainifuluunasinduldfanlneEudulugag nessy 1970 Tuunas
ﬁ'mmmml,ﬁﬂmmaw%'gaLu%mﬁi'ﬁaqﬁszmﬁL‘%uLLinLﬁaLﬁuwawﬁﬂﬁwﬁu 9NM58A CO, iufvhazranetiiudy
ﬁm%’u%mawémﬁwﬁu%aﬁaqﬁ (enhanced oil recovery) fifdﬁm,ﬁum'mé'aﬂ'ﬁwéai?uﬂgunuﬂt,t.amqﬁsqﬁ (primary &
secondary productions) fiasn3eiau wurAnmsinuiuLuun1g (dedicated storage) luumasfinifuiiianizianzas
wu nnsnuiuluduiiu é:uﬁw (saline formations) uvasdlasideufinsaaudn (depleted petroleum fields) uazuas
finfiu Uan3ULUU (unconventional storages) [16] %"’Qmamqmﬁg&nﬁﬁ'ﬂLﬁU"Lw%nmuaﬂm&E']d (offshore) uazuuile
(onshore) M3vszfiumelulagmsfnfunaznslinszsidunu gniavaaavgnudusey uasuumenisiaw
Tassnsnisinifiu co, fwandluansed 2.3

1) Msvszifiudngamunasiniiu (resource assessment) Asn1suszilupnuauysalvadlasadauag
auandaidslumsasegues co, lusuinfulaglidilnaluiitudug mednfu co, wdsluihunmauiATiade
lunsinfiv eglsfimmuanubiviveulumsusadiudneanwmasinfudiaadulgmudnuesnaluladnisdrss
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M151971 2.3 dunausaziuIniglunismullasanisAniy CO, [17]

Resource
assessment

Design and

development Construction

Operation

Timoframe (year)

Post closure

10+

Investment level Medium to high Medium High Low Moderate Very low
SRMS category Prospecth C gent to capacity Capacity On injection Stored Stored
Description Process to identify Project planning and Post-FID activities Period of time during Period between Period of time after
and study COz design including including site which CO; is actively tion of inject jjection ceases
slorage resources. FEED activities and construction, injected into the activities and the where the CO; plume
Investment carries itting in adh ction to subsurface. This is granting of a closure is still actively being
exploration risk since of FID. transport lines. commonly referred to authorisation monitored. Time
not every resource will expansion of MMV as "on injection”, during which site
be developable. instrumentation and responsibility is
drilling of additional transferred if
apphicable
Policy . S oo .r' ider providing subsidies o support early = Define well abandonment and surface
considerations « Create a management strategy for slorage remediation requirements.
resources. Emew&mmmr » Define the requirements for issuance of a
= Define fit-for legal and ¥ storage operations. closure certificate or equivalent.
frameworks. .mmdwmhpwmn

s G o
mmnnwdluhmldbormmd idk for liability to the
« Ensure that resources are in place to support mmamammmm
licensing and permitting.
« Define safety criteria including MMV,
« Outline site inspection requirements.

nsd1sadudldunvesdayaiiuiusuazdeiuaniudunulunsdrsiafig AdumaidamsdrsRauanmsdrna
lunmnhaazdrieanauduliifveumdsinfunddnenm iWelugnedsredwandunluuadiddnenwishuy
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Wasnine CO, luvufiudnszaviiazegluaniuzvasinaingnisedn (supercritical fluid) ieuszanganluns
o g w & o R N T ¥ quw = s R Fre)
Jaufiu [16] ety nsdrsranazUsziliutuiuldaudsdidudediinalulagifianuaunsalumsdrsatudiugn ldun
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o o | £ o P o £ 5 vl o & o o '
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YALRULALANFIUTUNIU (sorting and gathering) [18]
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fiufiunndu ylildnmaudiifiazideauazdniaunit 3D seismic survey Hrglanunsalinserideyalusuuasi
173 = e 173 Lo v o 173 =l 1 1 75 1 1 o
nanvae wazafanmanuiifvaslasaildnuld vinlimunsaszyneazidensingeg laeeautug

a
ar
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TvaneUszinn WU Zero-offset VSP, Offset VSP, Walkaway VSP, uaz Seismic-while-drilling VSP @saglilddaya
=i = | a 5 L = & i o
fiazidauazuiugiisanulasaieldfuluvinalndifssiunguanz

BECCS inalulad msasnu na=veiauenu=gauleute




2) NN588NLUY (design and development) Aan1sIUNULAZaNLUUIATINTG 52u83AaNs58 Front-End
Engineering and Design (FEED) uazmswaaysywasuiireunisindulasuiugaie (FID) aziifeusinssaniuy
Tnssadsiugudmsuiiuiisndalagaumnizdsznaudie driineu wsdussy Co, T ssuuanueugamgl Co,
(ambient air heaters & electrical heater) auflan1seanuuULAaz AU EUTENaULUMENaNSA (injection well) uaz
vqud1913 (observation well) Tngazdaseanuuuwin Ysinu vilavesmsuninuazlaaulunisianzliaenadasu
arusuluusiartugudenfunssenuuunauzvesgpamnsaaTlanden well design) TnsnseenuuudingT
sududedddteyarnuquesuvasinifiy (storage capacity) Faglumsdndulanunusazszdiuniudeswes
nsxvuMsinfiu CO, uaznsuszliudnenmunasiniu

3) nnsrlead s (construction) luituiten CO, Usznaudielassairsiugruiiniofinfu 1dur weifu co,
47A511 (intermediate storage tanks), 'ﬁuqﬂq‘u (piston pump), wdashanudeudieainia @mbient air heaters),
iw3esianudeudaglniii (electrical heater), ¥ (pipeline) uazinaudndn (wellhead) wazdwldauiidu
dulsznauvaIvindmgeg

4) M3stiiunis (operations) 1380 CO. adldAuvzgnAnnuagluunsdruvisauludunasdinfiveinu
waluladnsin mshseds wazn1sBudumsinifiu (Measurement, Monitoring and Verification, MMV) yenand
Faflsasaduanudy gungll uazUTim CO. sauvau (wellbore monitoring) tita¥ansialuavas O, 31
vinds wazn1snsvaeuiiiuszes (periodic monitoring) Lianfunsaseseuniafiufusaznsi Geoelectric
Monitoring snadangunefifivusluusazyszimne

5) msUnuazaazmguns (closure) Wauwndsinifumuednenwlumsinifu co. uhazdhdnszuaums Plug
and Abandonment IﬂUn'ﬁﬁ'ﬂ.ﬂsqa%ﬁqﬁugmMﬂﬁé'ﬂaaﬂLLé'ﬁ'ﬂ%’ﬁ'aqLﬁauﬂu (bridge plug) finusanisiansau
993 CO; goluusazduiivnsssinnzuiimgy (perforations) Tnsfidanamiagunsaldmsdu MMV undalums
fnfiunis

6) M3AARLHANAINNSAAZNAY (post closure) lansIaaau CO, E'TﬁFNLﬁUﬁﬂE]gﬂu%uﬁuﬁEhdUﬁEmﬁﬂ
Tnefifanssunsafnmanazithss 3 Wy msfarnudu waznsdrnafeadulmaziiou lagssoznainisinauna
wasmsaazngquazuanstulumudeimuamangmneuazanudesnsvedlasinig  Tasusudifrdstinngdar
TullaqUufie 181

2.2 anun1snidaguuvay BECCS Tus:Auaina

nguteyalasinisiiu CCUs hlanfisruralngesdnsndsnuszwinasswma (ntemational Energy
Agency, IEA) Tl 2024 [19] wuihilisau 844 Tasims Feglngfulassmsdunsaudmdednifu co, $iuu
285 1asams danuanansalunisvuduazdnifudndusamnndls 1,627 MtCOy/yr daulassmsdus Aifinnsdndu co.
NnunasUdeeiiy Fwau 559 Tasans faruausalumsdndusauszuna 598 MECO,/yr inanlasinsénums
fndudenar16 Tasansiifinsdidunsaaemsiaele (full chain) Yovaz 10 uazlasansiidnisdnduuasldussloen
1A CO; (CCU) ilos¥oraz 1 fwanseunugianay Uil 2.3 dulpssmsiifinsdnduannsauddddauanan
gramnssy Aauansluunugfuvisly 5Ui 2.4 szifuiammdanunazanudeutd anuanansalunsindugge
fivszanal 175 MtCO/yr 210 147 lasans snadasareilalasauuazuenlue 109 MtCO/yr 910 91 153015 uaz
avMmsieniesssueIfnas LNG 80 MtCO/yr 210 50 lasinis

BECCS inalulad nsasnu na=veiauenu=@auloutg mems



dadauaru Capacity (MtCO,/yr) Insussanmves
TasemsAu CCUS

Storage 18%

Transport & Storage
20%

5Ufl 2.3 Estimated Capacity (MtCO,/yr) vaslassnisfau CCUS udsnmuuszinnnisaniiunns
(T&S §8u191n Transport LAY Storage)

Tassmsdnu CCUS Tuudavanmnaasnvinssy

Power and heat

Hydrogen or ammonia
Natural gas processing/LNG
DAC

Other fuel transformation
Cement

Biofuels

Chemicals

Iron and steel

Other industry

8
g

Estimated Capacity (MtCO,/yr)

gﬂﬁ 2.4 Estimated Capacity ¥841asin15&1u CCUS #i5in1s@ndu (Capture, Full Chain, CCU)
Tuudazarvrgnanminssu (DAC 8au131n Direct Air Capture)

dmiulassnadu BECCS fiszylugrudaya IEA 2024 agflu 2 awngaamvinssundn fe mawdsnuuas
Aw¥eu (power and heat) $1uau 10 Tasans fanuannsalumsdindusiaszana 16 MCOy/yr Tneiitasiian
uAzgeaARETl 0.15 uaz 4.3 MtCO./yr kazanadomasdanin (biofuels) $1uau 70 lassns Sanuansnsolums
Fndusamuszanal 36 MtCOyr Aeszylumsnsit 2.4 Tassmsaulugeglutianaunuiiiies 1 Tassnnsluaren
wisnuuazaudouilladluii Mikawa Uszwadtu wazdn 5 Tasnslumeidomasdinwiegludumsduduns

dwulazenis BECCS lumeniSam@sdan ifunsindu Co,annszuumsnandemasianin dadanu
Wudugandt Co. anieladendimswnlnilumsdaanuseutazlnihandua aedwihliillasims BECCS
Tuandemastinmaanhammdsnuuasarudou wasilufiidunadlasims BECCS lunsudndomasianin
ﬁqulw@ﬁdag’luﬂwmﬁaw%’gat.u%m (57 1a59M15 32 MtCO./yr)
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A1519% 2.4 danuzlasenis BECCS Tuanuina 191uiaza11usay Lasa1u1iatnasdonan

§1UINAY

anuzlasenis

7u2ulasenis | Estimated Capacity (MtCO./yr) | 37unulmsinis | Estimated Capacity (MtCO./yr)

UL 7 15.55 63 32.38

foa¥a 2 0.43 1 0.38
ffiunis 1 0.18 5 1.35
YLoR/YAR E - 1 0.33

agalsfmudinsulszmalngldnanunisdiunisdnu BECCS luaanisudaluiiiandiuiadundn
Tuazfiszaulannsaniuaudiu BECCS lumeanmsuanlnihantunadaivludeudneth dlasanis BECCS fuil
Wiee 10 Tasems Wewisunudiuau 147 lasansiuanaininazanusay fdsedalu 15199 2.5 wazanuanunsn
Tun15andu CO, 5auNUsEINUS Bea: 9 vadlasanistuaivniniuazanudaunianus Tu 10 lasanisiilasanisd
o . = 1 i i 7 =l i =l n‘:r [
Audunefies 1 1Asanis wazegseniumsneaiiedn 2 lasinms d@wdn 7 lassmsegludumemauny wmniduly
muwEUANIdzBusiunsialugiet 2026-2030

15199 2.5 s18%alasanns BECCS Tunianisuanluiviinazainudoy

Estimated
Usznd Unvzantiunis capacity
(MtCO,/yr)

® Mikawa Power Plant BECCS Fukuoka Japan 2020 Anliuns 0.18
Ao, Prefecture
AR ; oo
i Asnaes Power Station Denmark 2026 DG ENE] 0.28
w
\‘ - Avedere Power Station CCS Denmark 2026 foaie 0.15
w
A
‘+g‘,’f Drax BECCS Project (Phase 1) United Kingdom 2027 ALY 4.3
A
= 9‘ Drax BECCS Project (Phase 2) United Kingdom 2030 26U 3.7
“n
é Drax US BECCS plant 1 United States 2030 AMHY 3
% Drax US BECCS plant 2 United States 2030 AIUHY 3
* Ince Bioenergy Carbon Capture and United Kingdom 2029 ATUHY 0.25
‘4lly’ Storage (INBECCS) scaleup
4l Sod i Igelsta pl Sweden 2030 A9UHY 0.5
w erenergi Igelsta plant e ;
M -_ Stockholm Exergi Vdrtan CHP CCS Sweden 2026 AHUHY 0.8
NP (BECCS@STHLM)
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2.3 nstifiny1 BECCS dansSulsulwwatouoa

ieidudeyalunsussiunnudiululduazdnenmasanalulad BECCS Idsiumudayansddnuiain
Tasems BECCS dwiulsslniihdnalusisuszima aseunquiidnsdumaiia dulassgenansuazmaiy dses
lugmsTiaszi@eysanmaiiedhifui dnenwmamaia eauimelududuyumsamu fesseaivayy
msUszifludunuszuy BECCS wazeanuuuiuudiasamenisiuiimanzandmiunisuszgnd BECCS Whfuszuy
msudalnihandunalumamievesinedely

#egransdldnwmitinaula 3 @ee1aldun 1. Mikawa Power Plant BECCS Fukuoka Prefecture 2. Drax BECCS
ua 3. Stockholm Exergi Vartan CHP CCS (BECCS@STHLM) Taeiisneaziden deil

1. Ia39n13 Mikawa Power Plant BECCS Fukuoka Prefecture

Uszind iy
Wiiendiunas 2020
Capacity 0.18 MtCO/yr

® awisaulasenis

Tselafhfianae ludaslayns dmdannlens Ussmadgu iulssluidmnauvsusnvaslaniiuszgnd
lwalulagmsdnduwazinifiuasueau (BECCS) munavg wazdsandulasinig BECCS anlsslnihdnnauiafen
Addumsudalutiaqtu Tnelsdlwihuistinedulsslnfhauiuntou warldilswnuides (pilot plant) dmiu
manduasuaud 10 dustetu deunlud 2017 U38M Toshiba Enerey Systems & Solutions Corporation (Toshiba
Ess) Iddnuvadlsslnfinfinnsltivdouwnldgmnaunuauiu Taedlmdnisngs 50 Mw Widomasdunann
nzanthaudadunanassldmemsinens (Ui 2.5)

ut 2018 Toshiba ESS $aufiuasAnsiusiing 18 ue sedunulasamsuszanm $212.63 dumisnyansy
(Wszanal 7,725 ruum) iieadramuiednau Co, Alsslnf Az (demonstration plant) flausafndu Co.
unnnindesar 50 asamsvdes unlusurarmaslasimatdus neudienianoadesz U UNARLAZUTTY CO, a2
wazidavudy/sn CO, uarmsnsanasuiiufisafivuenmells lasiidmmensdndunsdausnisdniuluauds
Asinfiu CO, wanasanelud 2030 [6], [12], [13], [20], [21]

CO, Capture
Demonstration Plant

Constructed under
the Ministry of the
Environment Project

PCC Pilot
Plant
Toshiba owned

loT _- er

Data Collection &

E \ 'T‘_:‘_-ﬁemote monitoring

Steam Turbine

Sigma Power Ariake Co., Ltd.
Mikawa Power Plant
Omuta City, Fukuoka, Japan

Uil 2.5 ssuudndumfusuiilssininiiang [14]
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® “oyalianaiiavesszuy BECCS

sruumsAnduenfuauag 600 dure’u (Uszanal 0.18 MtCO/yr) wiasnnninfesas 50 vasnisUaes
feounszanvadlsswihdsdianududuvas €O, Uszanas 15 vol% (dry base) 1wl 2009 Tassnisisesszuy
dnduansuaunuundsnsininsilidinalulad Amine-based Solvent Bausnanunsasnau CO. ¢ 10 fusio¥u Tagiu
Hnalulad Toshiba Solvent-1 (TS-1) F3WaIL1AN Amine-based Absorption WY kazUszAngnmn1sandu

fsznatasas 95 (U1 2.6)

Flue Gas Duct
-T— 1
Stack
......... o g
Fuel s— GGH GGH o = [
|
Condensate D :
Steam Turbine || Steam : Washing |
Generator | Tower [
Electr (_ . ] I r‘ .
T = : Lean |
Extraction | solvent '
Steam . /9_ f
Condenser l |
| :
I_ ¥ o ¥ £ |
Condensate | [Condensate :

JUM 2.6 UNUNTNNSTUIUNTSANIU CO, #lsearuasn [22]

@ dayanen1siNu
« LUUT1a095185U (Revenue Model)

= o w
oo of

linudeyaledniieatugluuungldvesiagenis BECCS Mlssluindaniz agrdlsfinnulasinsdinsdadu
= = o | o = : ' : w2 < v i s
\WeaBaszuu BECCS wazdiaglutnansiiilulasimisdsvenglugnisaudiazinifiuasveu astduaaingslaledl
naivuaunasgldidaun

- Ms3nMRUYULAZLMETN1Y3RUNY (Capital Financing)

iesanlassnsiifudiuniliwes “lasans sustainable CCS” spsnsensIsdundon Syunadiu Aadn
Tassahavdnvesfunuinazanainmsatvayuiunuanizuna Taefianusiuiledy Toshiba ESS fauduglfuinng
wialuladnan Tiudvasdnsiusiing 18 uwiaannnaaIusIee Wy aaiuddey visvneadns uwazudenmalulad [12]

. Tasea$reanududivas (Ownership Structure)

IsalWdfianzdudunisianeuiey SIGMA POWER Ariake Corporation TulA3aua3u3Ev Toshiba ESS
n1sidulasants BECCS degneld “lasenas Sustainable CCS” Feldfunaummnennnisnsaunndontasigua
dltju Tny Toshiba ESS SuRnvaulumsairauaziidunislasinng uansisunumdrfyuesuisv Toshiba ESS yis
msfudraes gltuinnsmeluladuazgsniuns meldnsaduayuaniguiadiu asfeudamsldusnves
mesguazienvulumaimumalulad BECCS [14]
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® Joymguassauazuumiaunly

nsUanvdesansefivanmiiedndu Co, faiulymd Ay Sdasaimsildimuidnsannisudesarsodiu
wazfadlulssnuatadlsdnihiianiz wieuduussfiulszansnmluszwiansdiiunisud Tudruvesunasinifiu
CO; fidnenwdwiuusznadUu dnlngduiuiiuenmeih Sxdianulisenadossenhaundsdosuazunasindiu
CO, Feasiinseanuuuuvasiassuazunasiniiu CO. (source-sink matching) Tfimanzauuazduszansaw uax
=l ar =i 1 = 1 s
Tnsimunneluladmavuds CO, MeBaniugiu

2. Ta¥anns Drax BECCS

UJyzind AVIIYDIUIINT
Ve udunis 2027 (i 1), 2030 (& 2)
Capacity 4.3 MtCOy/yr (1 1), 3.7 MtCO/yr (sWd 2)

® nwsaulasens

1A53715 Drax Bioenergy with Carbon Capture and Storage (BECCS) tlulassns BECCS dwmdulssludi
Fanafiiauaansalunsdndugege Wedeuiulasems BECCS duq Tugrudeua IEA Tgladlnif Drax daglu
wasseasni@es (North Yorkshire) answeraning didhwanelunsannisUaesfing co. anlsslndihdniad 8
MECO, siad Tasutsntssindunudiu 2 wa wausn 4.3 MCO./yr waziwafians 3.7 MtCO,/yr winAmduuszanm
¥oay 50 vesmsUanudegiimmevadlsslnil Drax Ssmehezudaadanieludl 2027 uas 2030 snudneu Tassnisd
Jugunilswes Zero Carbon Humber CCUS Hub @asanswaandng uazinsdeslsaiu Northern Endurance
Partnership CCS Hub fi3uflaveudumsaudsazinifiu o, Adnduldanlasims Tnefifdndunsmdnfeuiem
BP waz Equinor (’gU‘ﬁ 2.7)

sUN 2.7 nnlsalwAln Drax wazueunalasinis Zero Carbon Humber fil@audassuuvuds

Y

uaznniAuiulasanis Northern Endurance Partnership CCS Hub [23], [24]

Tsdlvifh Drax Guwdsuann@awmdsaudududimnalugel 2010 wazuszavanudisalulaseamsiisas
wialuladdndufiie CO. (BECCS pilot project) alulasamsusnluglsuludl 2018 vlfseuldfutununazaiy
1 = ar =l o 0 i = R = i [
Fadlalunsimunmalulad BECCS vasusansaly srudansA@nmanudululésuimnssuvadasims agralsfiny
anuzllagiuvedlasanis Drax vzaemsamuyas) 2 fumulaud (~9 wiluduum) uazegszninssernudaiau
Tunsaduayuangunaiada [25], [26], [28]

. BECCS nalulad msainu na-verauenusauloute
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® doyalianaiiavasszuy BECCS

Drax fulsslafindunaiiusuanlsslihauiiu dnszuiuns Steam Turbine lumsudnlnih Sndsmssan
731 2.6 GW wvadu 4 gin gieas 660 MW laedamdsdunamandemdddsada (wood pellets) 7n
anfgousninould wewan glsl unda uazdads Tnsneununsiadeszuudnduanladainddeg fewmalulad
nMsfndusuundinmsning lnemeadanmgedudieiviazateedu KS-21TM - Advanced KM CDR processTM
Y9IUFEN Mitsubishi Heavy Industries (Ul 2.8) Ssiwhazaneilifiauaansalunsnaneiiiule (volatility) sihas
wamadesronsanefiBeiu Sianahestisandununisiidun [23] fusansnmlumsdnduinnittesas 90
uazld Co, Miflmnunigigenindesas 99.9 uazvuds CO, Mwia ANABIUTZINM 100 . wazAnufufundarin

iulugufiuduinluudion North Sea un1sdiunT35uAU Northern Endurance Partnership

-

Ul 2.8 wrussEUUANIU CO, dmiulsaluiingauna Drax [27]

® dayan1ean1sNu
» LUU18245985U (Revenue Model)
sUwvunglddmiulassmsamainnanngldannsneliiiiduneldvinvesgsisladnihludiaqty
wazRuganyuaNiguIa Senguiasatvayulasinisnasudmlalusluuy Contracts for Difference (CfD)
Safumsusziusimdmiunisndalidh Jadululdiilasing BECCS arldfunsatvayvluguuvuideniu uaz
21952UT9NSV A UBLLASAARRE [28], [29]

- MsdavRunuuAsUVEiNIYe iU (Capital Financing)

msdnmdunudmivlasinsaing Tneviluwdrasdesmanuiuszwinamu (equity) ilau (debt) waz
Runulsiiuan (grants) wiaduganyu (subsidies) 3n3guna agnslsinuludagiunmsdamBunuunanmsanmuves
Drax Group plc fuvdn Saduuismmdsnumuieuiiddaluansveianing sudimsiutugamyuanigua
Fifaﬂaqﬁué’ahiﬁmm%’mw [28], [30], [32]
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« Tassa¥rennududrvas (Ownership Structure)

Tnsamsagmel¥nisguares Drax Group plc duduidrvenazsniunislsdluia Drax Power Station
delaimudayanisdiumu [30], [31] JagUulasentg Drax BECCS dmnusiuiladuuien Worley dmfunisesnuiuy
NIIAINTIURALNN5EU (Front End Engineering Design, FEED) [32] wazuazuTun Mitsubishi Heavy Industries)
Isuidentiiduddavmimalulagnisdnduandueu [33]

® Joymguassauazuumniauily
guassaddglumsdidulasanis Drax BECCS anaununsdndy co, dmiulsdlnindnnavuelug) Ao

= =

Ruaauitliyadigann vilildasnseamuladisluvesuionifivsediafer uidssdimsadvayuainaaiy @

o

Fyuatugudilidanudanulunsatvayulesins Snvilsdlnihlddunafitdhanswuszmadundn il

=8
=l 9

faldudsdunnudduluifsngeg Tnsnmzduiuadsy sudwuudasmeiuvedasinisddliuidn
AUNaIINALdulasiNg BECCS anvdwansznudeme iy visgndwiannuiuiiavaudunistuludinia
Uszanuagrsliibusssy ibildsunissenivanaalszandiay uazdillmsandesdnnudiduvesiasims
BECCS siansyjagitimung Net Zero vesUszma dsudsmldduumadlalnonisdearsdoyannudndunas
Uselewtiuay BECCS seansnanay mhsnunaizuasmeamadesifeites musisldnununisamulesins

BECCS ﬁaw%’gam‘%mlﬁulﬁuﬁm [25], [34]

3. lavanas Stockholm Exergi Vartan CHP CCS (BECCS@STHLM)

Uszing AU
Tiiediuniy 2026
Capacity 0.8 MtCO/yr

® nnsqulasans

lAsenns Stockholm Exergi Vartan CHP CCS (3'1]“7'1' 2.9) Tnssmstdudunuudmiulssnulass i
d@eavvuialngluglsy Taedl Stockholm Exergi iugWanlasenis fathflazdnau co, 0.8 MtCO»/yr a1n
Tssunamdsnuinmieszuuansdousulungsanenledy Ussmaaiou aniazdudidumsnely
U 2026 [35], [36]

Uil 2.9 Tsslnflanufeusau Stockholm Exergi [37]

. BECCS nalulad msainu na-verauenusauloute




® doyalianaiiavasszuy BECCS

syuumsindu Co, Wusruudndundsmsmninanlsslinszuuanudeusanannidemasdauaa (eslh
Tagfifasnsudnlad 130 MW uazanuiou 245 MW nsaniduaiealulad CapsolEoP® Y83uU389 Capsol
Technologies #slmsgafiudie K.COs TUszansammsanduiifesar 90-95 uazlé CO. muu3gvintesas 96-
99.9% dwuiu CO, fidnduld axgniudlifuresmaiinnudu 15 bar uazgamail -26 °C viafimnudu 7 bar uaz
gaumgfl 45 °C ilevudamade reuszthludnifuiiuvdsfnfuiamzlulszmeaueding

® doyan19an1siNu

* LUUF18895185U (Revenue Model)

Tassmsiildvhdyanszerenfuuisn Microsoft lumshda CO, 3.33 MtCO, Fimathezdudwauluiu
seamsidn CO, 1Wlud 2028 wazflszeznan 10 T Fsdtefiudennasnisindn CO. ageansiifviinagegelu
fagiu 138] waznudeyamamsaluvangldveddassmaiuduainnsueluiusesnsidaaisusu (Carbon
Removal Certificate, CRC) Tupanaansvauleeaiiasla [35]

- NMs3nMtuYULAzIMEfiN1v3RUYY (Capital Financing)

RunuvedaTingnain 3 undsde 1) nasnuuianssuannimglsu (European Union Innovation Fund)
I§$unuatiuayusuay 180 d1ugls (~7000 &uuw) Fadundsdulasinsliuatvayuitlngiiigalulandmiv
msasamaluladanfueusiiifuuinnssila 2) augremasaniguraadiauriunisussyauuudaundu
(Reverse Auction) Fgunaaiinuazlififugauyuunvismitamululasents BECCS wazannsadidumsidlusend
gflanegdlsfimumeuszyauuudoundusdusnluainildgnidouseniuidennaulimdomesdedmuadosdiu
fdndulunnsuszya [39), [40] uaz 3) nasvaelufusasnisindanisueuaamih aghafilassmsldvidyanszezem
AUUTEN Microsoft [41]

« Tassadrandnuidudrvas (Ownership Structure)
1A53115 BECCS @ STHLM 1¢f5unsdanislaguiem Stockholm Exergi wazifudessiulnefiesananledu
waz Fortum faduvienmndsnuazenvasiiuwaus [42]

@ Jsyvngusassauazuuanisunly
1A54A15 BECCS @ STHLM §slsilaiFudniuns viilidelifideyaneazideaniuimeidaiauuinin
dnduanuihmermnluiienafisdiuldazdanuaseadiulasenis BECCS Aldnamlunaislassnistesiu lnganiz
nalnnanadnusunisuaeefnuiSounseani@sau (Market for Negative Emissions) s1uilsnmsangludusasnisiidn
Asuau Mmafsanilifgtdeanumsatuayusinungszidou anuaulaves@e uaznsyeufuresansisuz i
= Ey) ° ar J w2 ' = W oY o o
mansnielilddennasdmiunisauduazmsdnfiu CO; 9819015 Tavzdawiiiaiadunaunsdndulaamu

Ya49lasens [41]
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3.1 nawsaulsviwwagausaniairiio

Tasams i muaveuwsvesnawmileludimsndalwihliaeasdasiuiomuveainsuianndsunaunu
wazaudnEndsa (wi.) [43] Fanudmianeuvuvesiananauazmenz uanidlideduionun 17 Jawda léun
Weesng Wedlval wigesasu weien Uiy @109 und d1yu gashing mn glavie Ruailan esysal Munanwes Adng

L3 s s dl
uATETIA uazgyivsll Awandlu gUil 3.1

— ol aoar Ll v - s & e ; =
fuAdyladuduviengnanlnirain@ainds

—— A . ) “ = =D )
o ,| Funafidsegluveuwn 17 Jwnadrsduainszuugu
A daya SPP/VSPP vesdinnuamuznssunsiiuiams
2 8 WA () [44] wuihdlsslwih@unanun 47 wik
2 Afnsaelnf sz vudandivduas (Commercial
— @ Operation Date, COD) Tull w.A. 2566 Tsd@ulval (44

) F)e L
) wh - Y

I wii) wanluihdemalulagiaiulad (steam turbine)

A3 wazdldutay (3 wiia) Andalwihmemeluladuiadie

mi=io w

(N 0 du daulsslwihounadn (<1 Mw) Aiifhdsnsuaeie

¢ |’;{fm,l gaind __,-"II.«.;' ‘_.-".‘ ) o o i L & W oo a e R

LT 0 e asswdusndnfesaz 0.2 dialsuiumdinisudefiag
f ™

N Ty

LS 9 : z :
Nl IS T851w83ie 47 ung

\, ,II v A, P

Eﬁ 7 @ weagen T—-’“ { NIRRT vuATaulAnISAnBLaNIzlse
*) e - ] o K :
— e I maluladdsiulet (steam turbine) tws1zd
|,? | o) el . i 4w e - o 2
; @\ 7 / dndrugannllafiguiuidainisudnavan Snvanng

L J EAUUTEUUANAU CO, WNT2UIUNNSE1984 (reference

i " e @ uemd ) W - o i
Y ~®7 P .~ process) Mmewalulagmsndnlnideisiulein
( s/ e fFa
) ' _ Y I 5

U7 3.1 vsuwanamialu@enisuanlunn
nfvualay Wi, [43]
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mndeyaduanininandamddunalumamiadiuiu a4 wis (eanBealunenun) Teedle ey
aundansnanAndananluiey wuind 21 wisiifdimenanandasingt 10 MW uazdn 23 wisimdsnissdn
Andalutig 10-90 MW wazlsdlwihdananamiednniadududslwihvunadninn (Very Small Power Producers,
VsPP) fimnglwihmudyaisind 10 Mw uenand defenduduasininandanalumamidenunasiuvesiids
nsnAnAndsluwsas Sontn Fuandugu 3.2 nuimdnsaninde dmiegaaogiuniamdeneuds W
uRTEITIA funanes aviosd iwsysal uazanshng Seunsansad uasiunames Shdmanantedenuiunnn
Youar 50 vasvamamile (Uszsna 967 MW)

Madelddutunafudeya Tneusznduiusuasmumalsdiihdunanamielismeynsziidoya dul
Tadlatfnsionun 6 uwiadnsaulasanis Tnsdegamaduiumsifuiseldsuaueyenesiuiadu 3 ngu fe

1. Foyanszuaumanan (Samnsldenudoudemiemananluii (heatrate) Snsnsldidoinadunisnae
T (biomass consumption rate), UszAnsnmlsaluih (power plant efficiency), S1uauiududumsdat “a)
nsldnuuazmsTmmigliiuazlen nudessaUlnauasiadedug et

2. Foyatoindstunailld (ule enudu deudou ssiusznaumand undsilin nawdsudamas
auldau uazUszfiunisdanisdus)

3. wamsnsvingunmeImennUdeslederadisdniiniiosdmasianszurumsandu Co,

Tusumeseyamenisiuvedadlifindunalumemilohs a4 wis Mndeldmunuueslnnsiaindeya
sumsRusesuisniilameganssasluduledvesnsiianngsianisd

fandeldudoyatgugimariluvssgndliifeUsduuinunstantdos o, mnlssliilluniamie
ieeanuuuszuuAndy Yuds uazdnifiu Co, Amnzauduiulselnirdunalumamile wazifleusznaunis
Auansiurunsandulasiniiu CO, (Levelized Cost of Carbon, LCOC) waamsndalni dauandluidasioq 1u

MMAINISHARTIY
(MW)
2572

ey
UHTBAED
WEEn
Wbl A
avivsnil
wiTyod
anshad
AIns 3 58.3 6%
dluviy 1 35 4%
Wunylan 2 234 2%
ung 2 19.3 2% 297.2
an 1 16 2%
a1l 1 9.9 1%
amu 1 9.6 1%
0
594 aq 967.2 100% Aasnsuan (MW)

JU# 3.2 ununmuansdudnlniianntiualunmamileuasnasiunidinisnaninasluudazdavia
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3.2 Angmwirkasnniiu o, Tumaniio

n59ANgY (clustering) v3adugsznhunastdosuazunasinifiu o, dntanudAgyuszeziieszwing
' ' P S B W ' e oo v = ¥ ar a '
undsUdesuazunasiniiu e liilidununisvuds CO. ideeign uazdesRarsanmiuaenndesiuvesUiunamsUdas
wazliinauiniiuld nande o, mamsaiilazUdesdesfiUBinalliinnniiinaiuasinfiuaansadniiulildnaen
zyziIavalAsINTg
A o - o =4 w & 4 A
WeRinsaniuiiidwingvasddasins Aevinumamilevesusznalve lngldinusianumnzauvesiiui
finifiu (selection criteria for storage site) anstwurUfURNREmMSUsAnAY CO, luduRuduirvasannwglsulag
dind1519838dIne1uU3AY (British Geological Survey: BGS) [1] #sandanisiansananumsnessdineuazauls
maAmnssuasinfiudundn wu sliavestuiu Sdutuiu anuwgu anuduld 181 nedsiunisAinnsansum
= s o 1 =l @ L | oA [ = = = =
Wiguiusumisadlsdnidulaudy wuinfussinifiveesiiusznaulugadluledn (Cenozoic) Awmnzauiu
wdeiinifiu CO, w2 uds Ao udsdrUn uazudamuasla (U7 3.3)

® uosadns
. sonuuuldtufiuwsiaendiuans (Lower Mae Sot Fm) Wuuvasinifu Usznaudefiuumuiiniuaz
funseideaziden fanungusznineiaaz 9-29 danudulaszning 1-2,000 mD danudnszning
1,280-2,000 Lu@s5
. senuuuliufiuwigenduuu (Upper Mae Sot Fm) Lﬁuéuﬁuﬁﬂﬁuﬂguqﬁ (primary seal) Usznaudie
Fufuaudiyndy funsie waziulaau

® voviunsUn
. senuuulitufiuaunszde (Lan Krabu Fm) Wiuundsiniiy Ussneudrefiunseidoazifen uaz
fufuaudidy danunguszninefosas 24-31 fanuduldszning 1-2,600 mD fanudnszning
1,800-2,200 LuUAS
. oonuuuliufiuszgiain (Pratu Tao Fm) iiuduiiuliafulzugd (primary seal) Uszneudsdiulaay

unsnaaunuiiunse Fafeannsazaudllagwitn

wavaiw

LWaVKUaVUD

Total Installed

Capacity (MW) Total Provincial

Emission (Mtpa)

1

5U#l 3.3 dunsiaaudsinfiv Co, Mludmnievassuidell (wdsdrursuazudmuaida)

(Mtpa = Million tonnes per annum)
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al I3 Ed

® JSurunnula

USuaunniiul@aiin (static storage capacity) 9aaugainifiuitimneg suimannaunisu3unms (volumetric
estimate) @dldnannsunuiiues CO, Tudarihwastuiiuthwing lneduinudmasterirwastuiiuwasinifu

e, a o od wr e o o v ' Y w4 " o
PnaNTAENTImAssunainiu wazuiulinims Co, fdwaldidumiisdmdn Faulsduauanuduiaz
gauuglivastufiuwnasiniiu viedl ilesnnaudfinadmnssuunasinfuiildidudeyadudu Sadanuliviueu
(uncertainties) agiN MsFMUIMANNMTUIIATTR A MANAINYIzITU (probabilistic estimate) Faud78 W
A1531a83 Monte Carlo 3nnsAwadiaUszanalinainifiuldad WeRansananuiaziBuiesas 90 (P90)
Tuudsdrunslawinnu 420 duau vaglundauastalawiniu 304 arudu

Tududely WunseanuuuuSunmnniuldnain (dynamic storage capacity) Sssaefiansudiauly
mawAdA (technical constraints) fMudmnssuuvasinifuiiudy wu msaadald (injectivity) ssdinaaans AnuaL
choidoF ' a4 g ow w oo v o a = = w g oA o
Mduduluunas 18+ Wwelnsdeadadululdaddumanaiia uazfasandimsinfiuiionisuazUasasie (permanent
and secure) MELNTERNLUURIINAINTIHUUUINARITIAAY (numerical simulation) MeiATasile CO2BLOCK
[45] Fasaulae Imperial College London ans1a@1anans nedmuassaznaIimssndalin 35 U ldnauszana
dn31n1589A3A (injection rate) uazUTmnainifiuld duwioluil udsdrunslidnsnmsdndaldgegaluiu 25 drududed
sudFainfiuldlifiy 875 dudu uwazudewuestn ddusnisdadaldgeanliiu 4 drudusdel U3
AnAuleliiiu 140 drudu

nuAedldmauuigruantmangyiunadnifiu CO. vadlasinis BECCS lumamilawindu 10 du
siusial wiaUszana 1 Tu 6 vasanthmnemsasasuaulumeandanulull 2065 duwmalulad CCS/BECCS ane
Tgmseansszozenlumaiuiwuuldessieuounszand1vesUszme (Thailand’s Long-Term Low Greenhouse
Gas Emission Development Strategy) @sflfiaaiimnedl 60 Sududal SnvialdRansaundading (constraint) ¥4
o v o ' P o vy v LYY = =i P s @ &
anMssndngegavadusazussildeanuuulitdulsznauiudeyafinseslssiir@raniamile viliues
wuaatrldgnimualiiBumadenusnlumsesnuuuifiesesiumsinifiumsuvaunnlssiwihunavinuniamie

i & e ar ol @ at T 1 o v o L 73 =] o_ oA

pauauiadn mMsdadegian 4 dwdudiel wazuddhsldgniwualfifumadendrdudaluluniseenuuu

w g - ' s & a @ ar g
szuuinfiuAsusuaEIuiwdedn 6 arududal

3.3 msus:urudsurrumsuandaas CO, 9nisviwwagausaniaikiio
(10murenninu 10 dunusiol)

aanandlumsned 3.1 guanlniihdnnaididimaninindegeiian 20 s1ousn dwusnnaseglu 5 Smin

= SR O EYINE VR VP ) 1) = = SN VI S TR ) EYR SO VI e o a
mamilanauafafindudidheiu Snisanndeyaviinvesdunaiiiiidedudulauanddfifiuindudnlnihadmas
Mskdnfinnsgend 10 MW duinnldrudesiiudemdmdndesnnbuindslwihfeglunguuisndudninma
Tuvefndnlwihadimamsndadadeiini 10 Mw lunliilumsididemdmananndnanagUszinn wu lidu

o

unau dednalng b uazdug @oyasenmatanandn/sesfiuansd druniafudoyaiifudseldsuanguanlai
Tngnss Snduldannisdisadeyannissunssy wasdmiuneildaunsaddoyalduide| ddauntguh
Weudaiiduanlriitdug MHdudananay)

wletszillumsvanuaes CO, Tneguanlnihanndunausazse Midddldendedeyatsnauarussnmues
Fanafideddlumanasninihngldaniguiifedes snduwadeyadomaduadnanlhiduuinu co, 7
vastdagannmstsnlnsised) Ingiithmneitessyinavesnanlnihiinamawieiivandes Co, gagasmiufiu
10 MtCOy/yr ilathlugniseenuuuszuuiazidunansauds CO, Mnuvasiulagunasiniunessalingiau

WoUszasavedlasinig lnsllvunsunisuszgndlideyauazisauuiigiu fadl
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1. assdlAimanaalaih 300 A  MdsnasEadnda (Mdmandngega): IEUTnalnifinge o

2. auuAliuszansamlsdlninduia (power plant efficiency) Aasauaz 20: ldduNA (input) WAL
AusauaINnsEnviRula/A

3. ANAUTBUANT (Net Calorific Value, NCV) drnfudsnandn/sealsziangigg fifuaanan NCV
UgunAldsuanduanlnih (deanissanssumnliidoyaugund): Winndndune @) T

4. AANE L (%Moisture Content, %MC) ¥a3dru7aUszLana139 lagldan %MC Ugmqﬁﬁlﬁ%’umn
Judalnih (ideamssunsamnlififeyaugugd): Idiwdndanauks (aflew) /A

5. URanaimsuau (%Carbon Content, %C) vasdutauszinneineg Ingld %C Ugugldsuannguaalndi
(e mssunssumnliidoyatgug) uarauudliarsueuimualuiiagnulandu co: 1nms
wlnst (100% conversion): U3 €O, vanvaas/d

A19197 3.1 dudalurrandunalunawmileflinndinisnanfindsgega 20 suduusn
uaznisuszununisUanUsos CO, fall

i m i 1 - g L - !§C1.|I . r_ n p Cinilats 3 o d
wiin/ioe (MVkg) feedstock meistre  Sawan  auam dﬁ; , ey co ndusy
Fona ) content  whth Wl e WD My Tunudded

1 URTAITIA 85.0 12,484,800,000 wwdes/ludoy 9.4 1,325,350 419 769,697 453 1279 85.0 1.28 udedni

2 uRTAITIA 60.0 8,812,800,000 Yoy 7.8 1,129,846 520 542,326 470 0935 1450 221 w4

3 Muwawys 61,0 8,959,680,000 wudos/ludes 9.4 951,134 419 552371 453 0918  206.0 313 udsdnin

4 UATATITIA 50.0 7,344,000,000 Yoy 1.8 941,538  52.0 451,938 470 0779 256.0 391 wgaruaain
5 anshnd 50.0 7,344,000,000 wudos/ludoy 9.4 777,760 427 446,007 476 0778 3060 469  udwnhe

6 mTysal 47.0 6,903,360,000 udsy 7.8 885,046 520 424,822 47.0 0732 3530 542  ugwusaln
7 Vsl 410 6,022,080,000 Faauny 11.6 519,593 282 373,142 454 0621 3940 604 udidnin

8 uwanys 360 5,287,680,000 Puden 7.8 677,908 520 325396 47.0 0561 4300 6.60 udaha

9 glwiy 350 540,800,000  wwdoy unau Wivgn 108 474974 319 323,615 455 0540 4650 714 udwinie

10 URIAITIA 325 4,773,600,000 by 7.8 612,000 520 293,760 47.0 0506 4975 7.65  ugauealn
11 werysnl 280 4,112,640,000 wiudoy 78 527,262 520 253,086  AT0 0436 5255 808  udwuan
12 maTysnl 270 3,965,760,000 Tudo 7.8 508,431 520 244047  47.0 0421 5525 B50  udavueaia
13 giiugadl 270 3,965,760,000 Fouanau 11.6 342,171 282 245728 454 0409  579.5 891 udednhe

14 Huns 260 3,818,880,000 Faneu 116 329,498  28.2 236,627 454  0.394 605.5 931  udewuedti
15 upsEIsIR 250 3,672,000,000 wudoy 7.8 470,769 520 225969  4T.0 0389 6305 970  udeuedds
16 uRTAIIIA | 250 3,672,000,000 Tuden 7.8 470,769 520 225969  47.0 0389 6555 1009  wdawueala
17 anshad 23.0 3,378,240,000 wbes/ludoy 9.4 357,770 427 205163 463 0348 6785 10.43

18 fuwanwys 220 3,231,360,000 udsy 7.8 414,277 520 198,853  47.0 0343 7005 10.78

19 #Adng 225 3,304,800,000 Faurauau 11.6 285,142 282 204773 454 0341 7230 11.12

20 Muwanys 210 3,084,480,000 Pudey 7.8 395446 520 189,814  47.0 0327 7440 11.45
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wazansamulnUsuunsUantdaas CO. lennuauns:

CO; emission =Mx[ -%MC}X[%xﬂ]
Eff,..x NCV 100 100 12
1ng
CAPn:  FlB fdsn1sedndnda NCV  #a Net Calorific Value
fir fa Sautalusdindalniwed %MC #a %Moisture Content
Effiee A8 Plant Efficiency %C  f@ %Carbon Content (dry)

= v ' ' - o = 4 F o aw W a 2 = e
walinsuszanurinislaatase CO, Assllazviouviunvasnmamiloanniu Auideldmdanldwslimas
e, =t = oM v - = P w  ar A aw = w o

autRunalgugdildsuanuayenzinnlsinidunanamiodududuusn Mafildsuain 6 vienidhsu
Tasams uazdilasuanuiendug Alivszasdesnuy) reuddenlddeyaamssanssulunsalilifiveyausugl
Tagens197 3.2 uassmnsiwaddniul@ismasdunalssinnesg Aldannsnusmlazysznalagfisideield
Tun1sAnwassil

o w1 4 = = [ p . ' i

d1uiuAiaudureslinnafiuszanaldainnan1snagaau Proximate Analysis laglsslui s auday
Hudhuaaiid %MC w aldnugeafige duludesuazunaufedunaiid %MC siign Turnzifunalszamdus
929 %MC frpudening Mddedslatmuacn %MC dniuihnamaiuliegluszauuunasiifesaz 30 uaz
AFFAIUIAMAT NCV laemsadeaun1sanudunugszninga NCV wazan %MC LiNaduaumal NCV &l 81 %MC
wWhmnegaaing 1 nuudaihwsiwesisassilumuiusiuiu %C fvszanaldannnanismaaay Ultimate Analysis
vasdmnalaglslninenge Auidedslduszidiuen CO, Emission Factor (EF) siantlgwdinumnusaudwiudinma
usiazada (Landlupsaf 3.2)

S vl o a dHa o ' ' o in o o oo

uananddanudndulans 7 vlafifansuvutantday CO, Aanasnunlianniswnlungd Tuszaudl
Indifganu Aeaglutig 102-107 gram-CO/MJ-heat (sniiuludesiiilen EF sinireiadevesdiuiaii 7 viinaguszinn
In v o P [ a S = = W 19
Fosaz 11 uwilddwansznuuinidn ifesanludesgnldludadiudlugiuzdiuiase) Jemanisalldinnield
auLAgYBINTUTIUAT vlnvasTuaiiuansniuszlildsuusndnfidmasiaszdunsvanldas CO, w84
granlnih munewe: i EF AfAdedwuudmiuyadinasinaiaenndenuyiee EF fivteeuly 2006 IPCC
Guidelines for National Greenhouse Gas Inventories [46] a2 Emission Factors for Greenhouse Gas Inventories 9184
U.S. EPA [4T7]

= ' o ¢ & a = i =1
A157190 3.2 ﬁ']'ﬂ']‘i'\llLﬂa?‘?.laﬂlﬂiak‘ﬂﬂﬂﬁ'ﬂu']ﬂmﬂuﬂ'}‘iﬁnE’Iﬁﬁﬂu

R - (dTY) - (g{oglw-heat)
52.0 7.8 47.0 106

Pudoy
Tudon 11.7 14.3 40.3 91
unau 13.6 12.4 405 103
Uidu/ el 30.0 123 48.9 102
datalvin 30.0 11.8 46.8 102
el 30.0 11.8 49.2 107
wasngaduda 30.0 10.8 45.0 107
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=

lunsdfiguanlnfrureneldTunanauunndt 1 sladudemas fuddvlduszgndldamaniivesves
& a. s 7] [T | oA %) ‘o iny % 1) & a w
WomdsdunalfasieudadiudunanaumaiulagUszanudy wudmiulsdwih ildnuseadudamamanuay
Tudeedudomises Muddeldmuunlfidamdsaudinanusznaudisyudes 75% uazluday 25% lagumin
4 o ' = &= LY s o w4 = ' £ u =
dadwinAwsdwesfazlfidudumudmiu@emdmauszwirudosuazludes (Qudu

Han1sUszInaUSINUMsUanUdes CO. el (A9l 3.1) dwfugudnlnihdunanawmile 20 duauusn
wanslfiudnmdmnisnanfiadududulsmdniidmuadinisvaadaes CO. aeldauufgruresnisdneinsa
i anmsfiduduvanslantdes CO, lumwiiuaaaadasiududuvasiammdnding uazdlofiansandming
vadlasams Tlumeinfiu Co. TRl 10 Sudiusall nuihausaniusuldnndudalwih 16 sefivdey CO 1
fige (Masmswandanilugig 25-85 MW)

& - ' wooa s = = s = Y as a4

wanndmnRansannisvanldsy CO, luszaudmdn (m5137 3.3) invihdidediuiiaanndasiudndu
fdimsudnfianuruiu dsdudmiafiinmsvanldesgefigaindunguiminifuluneuaisveinia (uasadssd
Munawys grissnil inesysal uazgnsiing) uazlunmsiuneldauudziuvesnsuszfiuadsl gudalnihanduia
meawilavanlday CO, auuUszanm 15 ususial

n19199 3.3 USunauuazdndiunisuandades CO, s18dandn lnggndalniiaindaunaluniawmile

5w . e AA4NISHARN #ndqunias YSu €O, - .
VaWin FTUIUEHAR o e = dndauntsldes CO,
L & §oAnesad (MW) 1 msHARAang | Widdan (M) -

UATAITTA 9 297.2 31% 4.58 31%
AN YS 12 2017 21% 3.08 21%
2viusil 5 107.4 11% 1.64 11%
msysel 3 102 11% 1.59 11%
gnshnd 4 87.4 9% 1.34 9%
wing 2 58.3 6% 0.88 6%
qluviy 1 35 4% 0.54 4%
#wnylan 2 234 2% 0.36 2%
und 2 19.3 2% 0.29 2%
AN 1 16 2% 0.25 2%
ane 1 9.9 1% 0.15 1%
amu 1 9.6 1% 0.15 1%
s a4 967.2 100% 14.85 100%

nnsiilsalnihdnanamiediulugeglnduamussdiuinniugsdrune (Hauandly 5UA 3.9)
wikgsehUaddnenmmsinfivuazdnsinisdadngiangend duivlunsnendssiwihdunawislmifomudadu
o = b = a ' . v @ =i &
nasumyuisuveUszmaty asiinrsanduniuasszesinvedatiiihanusaindu co, Afdnea wluiud
sufdladafindveansdnies CO, Bluunumsiammasnusiey
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Wearw

wildnarou

el

€O, Emission (ktCO,/year)
# <20

@ 2060

‘ <60

c.:.!. Lampang Storage

éi Nong Bua Storage

5U# 3.4 msnssaedivasiuvtsuasUsununisudasiing CO, vadlssliidauaniamile
wazidsvaunainiivasuauiiudsarUrauazudanuasin

4,8 | inAlulad msaunu na:vaiduanu=isauloue | E—




(02

nsUs:u1ruaunus:uuU BECCS

4.1 s=uuanu (CO, Capture)

N1599ALUVSZUUANIULAzTUan CO, anlsstniTuaa luntsdnedlenszuiunise1984 (reference

process) anlssluirdnalunisesnuuuludneazvas Conceptual Design $9uAU Basic Engineering Design
Ingdrassszuumsanduuvundimsuninidewmeluladnisgeadudisarsazargiediu (amine absorption) fie
Monoethanolamine (MEA) NM588nuuud1a8nszuIUNTs (process simulation) lalddayassdAusznavvesiale
Wdeuazmiag Utilities 9nTaslnindasnamnuteusiuaunn 9.9 Mwe fidhsulasems Taeldmhedndumsuoudly
USinas MEA $awar 30 lagaanuuulilssnudndu co. 1é¥unszuafnelededifidasimsiua 110 Alanfu/Aund
Tanudiuduves CO. Favaz 13 lngu3unsg (wet basis) Winfwasnisddunuiaznmseaniuugnuszidfiulagly
9nIINTANAU CO, Uszanmifasaz 97 lagruinuinm CO, luuiunuaisazany (mol CO./mol MEA CO,) l#iinfiu
0.34

miAfedldatauuiasaitommunaunandsnusarataasvenszurunmadindy Coveddsnulii
Tngldwendusuuuiasamsimnssunszuiuniaad (ASPEN Plus V14) 91n5Ufl 4.1 uansunuawmsluazes
N92UUNNT881398 (Process Flow Diagram, PFD) Melaide (a1 1) gndaudhnszuiumsingluaiies (B-101A/B)
wazyilfifuasauiiwigamall 40-45 °C lagrunediivdeduwuududalaenss (direct contact column, T-101)
feladegndiadrgmizegedunuueedudaindiuans (e 2) luszfiarsazareeflunuudy (lean amine
loading) AziINAINMIULUGATRIABANIQATY (absorber column, T-102) (818 3) @rsazangazlvaaiuniefiu
Tumedu uaziinuiizensgedu Co, sananfingladyludueiiy eledelidl co, udrazgnuaagaanuimg
Ffuuuvasredu (aw 6) dueiuiiianududures CO, g1 (e 4) azesnumetruarshut (P-105A/8) waw
Houdhduandsuruteu (E-108) Aflgumgiigeds 45 °C wieldmnutaunen Co, sananieiiulunsdifauen
(Stripper column, T-103) nueiufinen Co, sanluudiazinasanduans tiorunaululslmi (ane 8, 5) luvnzi
CO: alnaduluduuy (818 9) waskunauewLeF (E-109) Fsazmuwiuduvesva uazthupdiuunay (V-108)
wlauen CO, waz H,0 aanvNAu fine CO, azgnvitlfifuasiis 30°C ilerf1dn H.O sanannszUa CO, uazaslUss
yRABLINTALDS (K-101) Tlszusaudoudisdumesaalagiaeumsamainnu 5 annz uswuiitunsumstudn
faugavineagd 110-150 bar (a1e 10) §1 CO, azgnutaniuvasivaingnbiene (Supercritical fluid) wazgniialu

FUUUE CO; lngriuviads
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Cold utilities under 30-40°C, 3-5 Barg (for cooling water supply)
o S &

T 2 &

Pretroatment unit @' Ve T0), capture unit €0, compressor
and liquefaction
E-103

vqo2 Cocker
(Wash

K-T01MBICAIE  ACK 10 ABICIDE

— L —
3 Pknzms e .-.éb.@_ co>
| O > | v-108

E71064
D E-109
“Cacer y M.
E-106

Make.
meaio E-102

-—

XD

cV-101 L
i ~m P-109R/B

Alnsibes
40 - 60 °C
b

X[

s

.::w!mpl
07- E-108
Exxm)-o- e - e 8
Blawer Fich welvent pump [uu‘nlmm Congensate

B-101A/B P-105A/B P-107TA/B

Hat utilities under 200-215 °C, 14-20) Barg {for Medium Pressure steam)

S—

UM 4.1 unuammnszulunisivassuudndu CO, uuuysunslsdlinandssudaula (9.9 Mwe)

nsuszanuduuludguszuuindy Co, tnseungusiuuvaimsfindsszuudhivddnnemiuazainiidley
vaalsslnihdunna auuanduguil 4.1 TasRansanviatuyuvensfindu CO. uazmstudaing CO, Wegluanuz
vaslnaingndeein dmfunisuszfiudunuusznaumie 2 @3 laun (n) nsuszuiuduyunITamu (Capital
Expenditure or Capital Expense, CAPEX) gz (V) miﬂizmmﬁunuﬁnﬁumfs (Operating Expenses, OPEX)
AUFIAY

1) . T o o a o a s v a e

dunumsauiiunisagualdenmusiiistulunisdadgunsal nmeldnisivussuagunsaiuaz
msUszanasiuundn laensuszfiusuyuldgndwianduaildanelugafiugiu (bare module cost) Ingdneds
aulaAaYas the Guthrie-Ulrich-Navarrete correlations fignsdssnaatianldanelssumaail (The Chemical
Engineering Plant Cost Index, CEPCI) itautassuyulfidudniiouwinil 2024 luvaizideaiu nanmsduiaes
Handumsimuaruauazdunuazlaiunisnsiaaeulagd1adsainuiladia Analysis, Synthesis, and Design of
Chemical Processes [48]

nanITeuanslfifiuinszuuiiesnuuuansadniu CO, & 387,853 siusial siunulunisdndu Co, Midu
Aldgluganugudyann 32.69 MUSD dmfunsendu uaz 6.97 MUSD dnfuszuusausini n3esauninun
39.66 MUSD (51A10 2024) Asuandlumsned 4.1 uaz m5iil 4.2 nasenuingunsainandiuszuuanduil
1 " [ 1) | LY = woo = < L4 1 = o oo 2 =
danasiardunumsamu léun redulgedu rodulaniuwes uazreduivdaduwuududalaense Wudu lneAndu
123 " ar o o 173 2 L3 ul:
$ovax 75 duszuudaussiudnduiesaz 17.5 vesdunuagunsalvianun

meUszanafunuszuuandulunuided WuumsUjUR (uideline) 9849 National Energy Technology
Laboratory (NETL) fiauandlugudl 4.2
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Exhibit 2-1. Capital cost levels and their elements

k 5 A \1
T - Bare Erected Cost
supporting facilities § pe Engineering, Procurement
direct and indirect EPCC and Construction Cost
labor » TPC Total Plant Cost

Total Overnight Cost

EPC contractor services Total As-Spent Cost

process contingency

- " » TOC
project contingency
} TASC
pre-production costs
inventory capital BEC, EPCC, TPC and TOC are
financing costs all “overnight” costs

expressed in base-year dollars,
other owner’s costs P

7/ TASC is expressed in mixed-

escalation during capital expenditure period year current dollars, spread

. " . . . over the capital expenditure
intereston debt during capital expenditure penod) pperindw

JUM 4.2 uuamansussuuduYusEUUANdY [49]

MnnsdaesnszIumsindudielusunsa Aspen iRl aunautandsnuvainszuaumsdrads anniu
Widoyaitiesesilduszannudunugunsairioufinds (Bare Erected Cost, BEC) kax1498 Factorial method flautas
BEC TUifiu fuvulssau (Total Plant Cost, TPC) Tngnnsgaudn BEC Meunnwesiaduiamziiiedosdsldd s
Aa38 Enhanced Detail Factor #aflu factor dwidulssdndumsueu [50] wedumfuduusuains
AeadauarnsRnmalssany (Total Plant Cost, TPC) #smansAunaan TPC dawvindu 111.28 MUSD ntuanide
ArldeEudulneUszanaintuluyunudedluians 2 Weu aavheemdludmunugasinsamuiiome
AnTusss w Yrnadiimsldaelulasanislag (Total As Spent Capital, TASC) lnsuansaunenideszwinaioadna
Tnema factor 1.06 IdRuawmuiavLn Fswansiuane TASC wde fununisasmuasszuudndy CO, dAuviniy
117.96 MUSD fauandly 1519 4.1

A19197 4.1 RUAYUVDINTTUIUNTTINBIYAINISANTU (387,000 MECO, ¢adl)

| I

BEC - Bare Erected Equipment Usznumagunsaiinauga $39.66 M
wandsnuiistassanlusunsy Aspen

38n13

EPCC - Engineering, 1435 Factorial method lngld factor $112.28 M
Procurement, and 27N [50]

Construction Cost +

TPC - Total Plant Cost

TOC - Total Overnight Capital vanidlasldelunmssuiiuns
pouBuduniriud Telunsaudiunts
2 oy Tudruvesnszuaduandmsu
arsaniunsUusn

TASC — Total As-Spent Capital vaniunenidessudradeatng $117.96 M

(Interest during construction)
Tnugu factor 1.06
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Ruamuvedssdnduaunnsineg Asududmsulsslwihdmis 16 uris Uszanaann Scaling Law [51] sy

1) ' % = v o o w = v o =

aunsduan lagldRuamurasnszuiunmsddweanszuiunsaniulunsed 4.1 Gugu ldnadwanddu amsnai
A2 Tuneruan

CAPEX, ( Capacity, )n

CAPEX; \ Capacity,

Tng
n=0.6  CAPEX. A8 Ruawuvadlswiniu A Capacity, Aa f1aIN15AnduTedlssnndu A
CAPEXs fa Ruawuvadlsainiu B Capacitys A8 faINI3ANIUVILTIANTU B

A15197 4.2 s1aUsEINaUNSaIMANAMIUSTUUANAY

Main equipment

1 Absorber column 13.21
2 Stripper column 11.36
3 Direct contact column 5.15
4 Flash drum No. 1 -4 0.61
5 Pump No. 1 =7 0.25
6 Exchangers No. 1 - 7 1.74
7 Kettle reboiler for stripper 0.36
Total Bare module cost 32.69

A15197 4.3 51A1UsEIINQUNSINANAIMTUSTUUBALTIAY

Main equipment

1 Flash drum No. 1 -5 5.58
2 Air cooler No. 1-5 0.63
3 Multi stage compressor No. 1 =5 0.60
4 Exchanger No. 8 0.17
Total Bare module cost 6.97
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v s = ' T =i T ) o . g = 1L

gurudndumsuundualddrensiivazaldieiuwlssazAnsualdielumsuimsuazaldanglunns
Urgsdnemudnu lnganldanevrgsinwgnanainiesas 4 vesdndiudununisamu Amlddgduuusiiadudmiu
nszrauMsRnduing CO. wu Alwihdmiuaiasdn Aleth ethudedu Aundu Auedaussns Advihazate MEA

e - W a o o o P o ar i a W o =

wazAU Uiy Jusy auufgriuseshuudilushauwihiu 8,000 Fluwiel nanisuszdluddunudniuns
fayinfu 19.59 MUSD/yr #susznauslgaldanalunsdudunuasfiseddimsunisandudl 16.33 MUSD uaz
MTOALRNLTIAUT 3.26 MUSD fauanslumnsnail 4.4

A15197 4.4 msussEiudunuaniun1s (OPEX)

Operation cost

1 CO, capture 16.33 MUSD/yr

2 CO, compression and liquefaction 3.26 MUSD/yr

3 Administration cost 0.37 MUSD/yr

4 Maintenance cost 4% of TPC p.a.1

Total operating cost 19.59 MUSD/yr
ngwe: 1 6198970 [52] &

JU# 4.3 Tassadredunussuudniu CO, naana1gnisidanu

Ul 4.3 uanslasaatrsdununisdndunaenengmsldau Samudn duyudiulng de arldneduuys
(Variable Operations and Maintenance Cost, VOM) 83a3aunquuszanmuiasas 58 vaadunuiiansn dunu
drudl daulngAedwdrnuldluszuudndu Quasmu (TASO) Andudndiutszanadosas 28 asduyuiiavie
dufimdeta anldaeasil (Fixed Operations and Maintenance Cost, FOM)
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NYBYALUUTIABINUIINGZUIUNSANAY CO. Aaslindsnuanuioudwiuinn lagamzegndsluszuy
£ S P w f o ¢ A .. =l o ' = 9 4
mielathfidendluredulanives Werhasazansedunaululdlmi (regenerate) uazszuuludausenuguiieds
CO: Wrszuuvie Felsdlviirdunaluaamie a Uagdy dwlngflildindesnudisesdmivresiunisianiszuy
ANdu CO, widn vililsdlwiharasesluliihuanihleurindaldusduluidluszuudndu CO, Anan Fazdawa
Taslnih (wazleth) sondmiheldthsasdlafieuivanizi@uneun1s@nfiszuudnidu (net power output aAas)
wenNtuUTENgHanInieadesfumszndludueadauaziiamsamu lunszuiunmseenuuy Aead wazdduy
5xUUANTU CO, uflamsuTuugsszuundalninindnde (asanizludriausnvesnisdiiiunig) nailduegiv
anunnYeInaInasuau saufuleuisuazsusuunisatvayuresnaigiemalulad BECCS o Y130
= o A = v 9 o
fiduduns (eazidualuiden 5.2)

4.2 s:uuvuav (CO, Transportation)

madenanuzlunisvudsluedivladenarsuszng W szeene UTunu CO, ANUUTaNSYes CO. Uaz
Uaeyn9anNISUUEA WU MMSTUFIUVUL2IWaLUUMILILUY s dmsuszaznsduiaununaswazdusunm CO, Aitay
lurauzfinsvuduuuanuzeadlnaingndeens mnzdmivszgzneilnaniuazdusuna CO, fiunndu

Tuahuvasnisvudsnelulszmelneg nsvudasunuaznisauasseszuuviaaainazdulsznnnisuugas
fmnzauuaziienudulyidlumsiuuunnian nsvudamaun Wy mswudeiesaussynuaznisvudiieszuy

o o W = = i = ] 1 o o

s1euufiaueagadsnuiieatUagugnuninuzlunisouds Iﬂﬂjmsm‘uaa‘mwﬂu‘uawmﬁﬂmwssa co. 13y
feussguandddoummuzdndeslugypmnesialy & aqmu,mﬂsmnmjadm'ﬂmamwimmmﬂua::smu‘muu Aatdunng
LazszEzYNg mwummmnusswnwmwwmwﬁ‘umiwm‘lus“srwmamauuau‘imuuhﬂWuum wASTUUS19a Y
':fn'lwmusjmwmuﬂumswaﬂmUswxmamwaa‘lﬂuwuagn‘uLLmﬁuaas’m’m'lwsuammsmjuaﬂﬂmnmwmwum
W ' 7 dal U o wr o 1% ' [ o W = '
fesaussnnuwinsuudsesalniiideddeivindeimsvudaendumawasssalndidudesiannisouds
LUUAUENLNTIe

UM 4.4 Uszinnuasssuuvioauds CO,
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1w ' sl 1 e ' : = 2 = P =

mavudsseszuuvialuiBnsvudditevegunsvaslunaeussmalomniuiinsvuddiianuats
wazannsnvudslalutiinasnn dMedriliigrdeunniigarenmsldvieiievudilalasmsveu wu ihifuuazie lag
dnwazvesasidinigluvievzdinadeiBnisesnuuunazdndwia lasialunisesnuwuvazlianuaulaifeinu
AMANULLUYBIETTITUET JULUUNSIug wazmsiandeu wWelddwsunsAnidendnenzvasisuaziaingzning
nsdsesszuLve lagvisluszuvazannsaulwilanuaunaazntifiesniduvieususges (sub-spur) viewsus (spur)
viaudn (trunk) vieuandne (Distribution, DIST) uazvieuanaeeae (Sub-Distribution, Sub-DIST) fauansluguil 4.4

lasimsideilldidenniseenuuuidumamunzauiigalun1svuds CO, aaiidende n1svudamnsunsdae
FOUITNNUAZTEULYIE FadionundaUdes CO. $1uu 16 wit TnsResdunudnsinisudes CO. setanunluiles
Fadlosiunia 16 wisazld CO: Uszana 10 dwsuded dadurndmnemsinfuiildisaunfigiulidwivlasims
el duwnasinfuldoanuuulidiuiu 2 unds Asudsdrune famdadiune uazud et Sminfides aufl
Idnanluuailuided 3.2 lnsudmuastiannsasesiudnmmsoningegn ¢ dudusiel wazussdaunse

2 v s : I T ¥ s
sesfuliinunsfiniivasueudiuilngedn 6 dudusied
1 L3 o = ' | Poas

nsvudwNIUNdesaUTINIziuUAan1uzee CO lluvadlnanuumnuiulaz Ui inansauds CO. Aty
wiriuUinafiunasuaes (source) Uday CO. avzliiinduluusiazlss iieliunasudeslidasasmudamiiaus
o s =] v v 1 o ' = =l o o o
dniuifiv Co, Wundsuass idunensvudnziuauunaindaldnay 1 udn 2 vdn waz 3 nandewnsaussyn
aansaald usiillesdisvudimeuunardsiulusesmiidistodinuisuszans wu dwidnvessaussn szezim
Tumsis Wudu wndsdnifumduauaenavawsiazlsdwfuandlunmsed 3.2 wasnaniseanuuuiaaudums
mnzaufigalunisauas Co, Mnlasinirdiuna 16 wisludwaremsiiunasinifiuamdusudiesausann wandlu
53U 4.5 (@)

wldaemoy fdpanoy

Budlwal

ammm Trunk (Existing Route Piperline)
[\ Lampang Storage _‘_5 Lampang Storage

£, Nong Bua Storagn

. Comprassor

A Hong Bua Storage
— | ampang

— Hong Bus

5UT 4.5 n1seanuuudnaaaduntsiitmunsauiigalunisvuds CO, Al8saussnn ($19) uasssuuvio (¥21)
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o

TudruvasdunumsamuilAviaiu 322.56 MUSD uazAunuanbunisiidmianu 22 MUSD/yr dmsu

nsyudedgsaussnn ludnszeznailasmsiidmuali 25 U lnelineandunlumsed 4.5 waz m1979il 4.6 dsil

A19197 4.5 dunun1samu (CAPEX) vasaunsainanlussuunisvudengsaussmn

saun1sasul szl CAPEX [ ¥ 5941 MUSD

saviaaIn (917 Au) 137.55
lsU3IUIA 30,000 AT (905 f4) 23.53
9UTIPUUIN 20,000 Fns (5 09) 0.10
flausTUUIA 10,000 AT (7 49) 0.10

5 161.28

s’ 322,56

U8R
X u e W o .
(1) Wusnauseiu dalailddanisiies Scheduling

(2) dsussUAT Semi-Truck nﬂ‘:tﬂﬁsuvgn 10-151
(3) dmusliinisdsusaussyndn 1 afsludassseznalasins 25 9

A19197 4.6 Aunuaiiunis (OPEX) Tussuunisvudadlesaussyn

swnsdmsuUsuiiu OPEX ' ® 51 MUSD
O&M savinan’ 17.83
AuseAutusn® 317
dyaansaniiunisdaudu q 1.21
Adandsdviusaviaain’ 0.16
22

394

RUNBIAG
'0&M (Operate & Maintenance) saWiainusznouniean, Aasaeanin, ArUsEAY, Awunig,

] o ar s ar o ar ] ar ) ar
Aday uazAdrgeinunusedal Auas 700,000 U $9uau 917 AY, *Aussautusnagin 341 v/
Ttdrmauaudusnadu 917 ay, *dnsndudosdmiu Semi-Truck 2.5 nu./ARs A8528EMNY

Vavun 3,447.14 ny.

mMsvudadlgszuuvieazgniinidunianiedatenu Wy nsveeunIn (NM5YanelaTsasng ansuriama)
msfimuaUTINMAIILEY CO, 8gildns1Ms3n (injection rate) undsudeeUdasdunluiauteliinifiu co, fed
uszanm 10 Fusu Tneviendn (iefllngiiae) Suun 12 i1 viewsus wasviouandie 10 & uasviewusdas 8 T
Tasnsimundumiendnazdenuuuiviosudauigiuiy wiivieduq lidasfuviouvuigos vieunus uazviauanite

a = a g wa ' ' o oo
FLIATULUINUUNE N waammzmmaﬁlﬂamq@mnwaaﬁaadﬂsawmﬂnmu
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= " woo & W o SR ) o o a = =
uananiszuuviedidndudeailanfieiasdnemeiiiofnmeiuduvesedvafignanlasusadoaniuuas
w ' i e a = = ' '
wrrhungluvieuwazauaumsinavesvesluaiilvasgluvie smisazdanng 80-161 AlawmsTuagivvunvesvie
TngpTasdnanpazdasdimaifiguiisme (egransazraumsawesdmivdauanuduluviovuds CO; uans
Tuguil 4.6) an1seenuuuasadumeiininzaufigalunsvuds CO. Mnlsslnindiuna 16 wisludsuaenms

= i TR ¢ v . =
VNEVRINANUAITUIURIEIZUUNE LLﬁﬂQIUEﬂ‘VI 4.5 (177)

5UTl 4.6 AauwsaAwasdmsusatiuauauluriavuds CO, vaslassnisiniiuatsuau
Y241ATaUTEN BKV Corporation tu Lilasunads Sginnds ansgawsni

ludiuvesdiunumsamuliawiiiu 11.95 MUSD uazdiunudiiunsddwiniu 18 MUSD/yr dwmsuns
) ) f oo 7 & P = a Pr| s e
YuAEszUUNa Tutszeznalasansiiduuald 25 U leedisreazidealunisnadl 4.7 waza5139 4.8 fail

A15197 4.7 Aunun1samny (CAPEX) vasgunsaimanlussuunisuudedagio

saunsEIMIUUszIsiY CAPEX

9 Sub-Spur vun 8 9 872 73 nu. 0.77
Y19 Spur ¥un 10 #i7 17 483 nu. 1.23
¥ Trunk vunm 12 i 817 202 ny. 1.10

¥io DIST vu1n 10 57 817 61 Ny 0.85

1A3943m21MA (Compressor) 4 1A%04 8.00

574 11.95

o7
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A19197 4.8 dunuaniiuns (OPEX) Tussuunisvudnievia

sensamiuYseiliu OPEX

AlrsuaToednaina’ 14.41
O&M szxuuvia’ 1.79

ﬁmammﬁ’nﬂum‘sﬁ’auﬁu 9’ 2
974 18.20

NUBIA

1p3098Aa A 3,700 kW U 24 w3y Arlvividasar 4 Um 20&M szuurasznauday
MsnsIvEBUMUiIMUA N13ATIUALYRULTINITIIIMA NMInadauLsIRY n1strgeinmanda
nsinauazen (pigging) nrstasfunisinndau uaznﬁﬁﬁﬁnmtﬁ?aas'J'ﬁmmﬁ *dymains
anflunslisauiudwiudrussuvsudiazszuuinfuaisusy

4.3 s:uufinifiv (CO, Storage)

—_ - = o i e

Usuunninulantsluniseaniuuds:urtuiunu

Tuided 3.2 léeSunemseanuuuvnunniiuldnain (dynamic storage capacity) vasuasnnifiuitmng
iaaes dmsuszeziian 35 Yvesnsdnfiu widlefinnsanetgmsldauvesszuudndu CO. Moanuuulif 25 T
Fahmussenuuuszeznadiiunisvadlasaimaynaiulia 25 U aztu lumsesnuuuyszanadunuvasszuuinfiu
CO; # Fsvanuuuszeznamisaniiunsdndna CO, 131 25 U @iosniszeznaeanuuulanaiadiesiv)
WeRsudminensindu CO. vadlasinswiniiu 10 drudusal ansnsaaguuuivimnauazdnsimsiniiu
a v & 1o & = vo &
dmiuisaesainiiuidming aaeaszezinm 25 T lenad

- udedrUne sanuuudnInsdadaldamealiiu 6 dududel TuuBinunsiniunaen 25 Yvadlesnis

IalaiAiu 150 dudu
' ar as o o 2 e g of ] = L -
- ugamuesla sanuuudnnnsdndaldgegaliiiu 4 Audusel Nuvinumsiniiusaen 25 Yves

Tasan1slalaiiu 100 ausu

dUURAZIUNISEONIIVUUS:LAUALUNU
nsUszanasuurasszuuiniiv I&uramudunaunIsimulasINTg (stages of storage project
development) [53] Fautadiu 6 Sunou mufluuziilng IEA Usznaudae
. msUsuiiudnenan (Resource Assessment) LunsasuisuusniftedrsanazUszidiudnenmans
Anfuldvesftufiidmneegnaznden lnsnnsinendomaluladnsdsniaadulmasiitou (seismic
survey) wazn1aanzvaudIauaziiudiiegn lumsesnuuuiifaadisiafiud 4xa mssilawns ves
U%LamﬁuﬁﬁﬂLﬁULﬂmmﬁﬁm‘%'wﬁwquﬁm visdl m‘samﬂuﬁgumauﬁ'ﬁmmLﬁmmnmiﬁ'ﬁm iflasann
nnm%’wmﬂ‘iﬁﬁw'ﬂﬁ]mﬁ]‘tsjmmsaﬁ'mmli’iw%’wmﬂsﬁm%'mﬁﬁ'mﬁuiﬁ'ﬁwm (not every resource will
be developable)
. AMsPRNUUULATWAUIIASINAS (Design and Development) tdufianssuniseanuuudsiainssy
Ingazidum w38 Front-End Engineering Design (FEED) $3uf98aniuun swaunlasins msvesygin

duflufansdedy uazmadndulaamudugaing (Final Investment Decision, FID)
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. A15M@8319 (Construction) unsreasns
szuumsinifukazszuvdiudedeuainszuy
guds Tufdasadefiuguduiiiisades wu
gUnsaldwdu My luniseenuuuiauald
Tulpssmsdmiunilmaudaiivernifudaasn
(intermediate storage tank) U3n1#5U559
laitfesndn 700 fu $1uau 6 ve Lelin1dnda
dulvethasiaides uazdadaldlidosniniuas
2,700 §u (M3aLvinAu 1 audusel) wazdl
Tassadrefugiudu wu Aewmsawas Wavau
9Rdn YiaanIuANTE U 8" (Megsanwaziivau
$nda CO, wazunmdeudaiuszUUYinvLds
uandlu 5Ufl 4.7 waz 5l 4.8)

« mafmduns (Operation) WutaeszeznaInTs
$ndna3s Gawindu 25 B TagTuynddmualid

AANTIUNITINLUNG MMV anUn HNudnguaz

ayUnaR gﬂﬁ 4.7 ANUYULYIMINAUINAN CO,

« MsUAuazaaznaunils (Closure) WJufanssy vadlasanasiniiuarsuau
madanquiediud uaznisiensulasiaing 2931A39USEN BKV Corporation
ﬁugmmﬁaﬁuﬁ’aﬁu ST NUNE MMV 8 Waaunaad Sgmnda auigaisn
fie

. msdudunsndanislangs (Post Closure) luiusznisdidunisdu MMV agrafaelaznilnds
nOifuszeziaiand waendinuuegndeeniain 5 U uszezinat 15 U (uszezinan 18 )
WeBuduuiinauazsuniweinszyn CO. (CO. plume) Indulumuildaranisal visil fvuslild

wialulafnsdsivinadulmanieoudundn

UM 4.8 USaAUMINYaIsEUUTIBUATHINaNEARn CO, (¢18) LASUSIIMAUALNYEITEUUYD
@ of o at =] g = o ald &
uaswainIuANSEUUDAAA CO, (¥11) vaslasensiniiua1suauYadLATaudEmn BKY Corporation
o Liloaunada Sgwmnda ansgalusm
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wan1soanIuuUs:uItusAUNU

Tudruwasduyunisasyuiaviifu 34.84 MUSD Usznaudearldansludunounistsziliudnenin
nseeniuuuazTRlATINTg Manoads waemalauazansvauas lesalddeluaudunounsnidueldde
fasAstuluiusndeunsdidumssade dusldieluduneunstinuasaasquansanistuluieveasdigering
vaansdada @ 25) fuandumsied 4.9

lusuvasiunuiidunsusznauteaildneludunsunsdudunis (ssesnm 25 9) Sy 41 MUSD/r
uazalddreludunsumsdidunismdinislavau (nuszeznat 18 9 ndnslauavaszvqunng) dewviiu 16
MUSD/yr fauanslupnesd 4.10

A1919% 4.9 fununisasmu (CAPEX) vasgunsaianluszuuiniiuaisuau

S G
daunudosfiiudlselunisamu (CAPEX)

1. M3UssduAnenin (Resource Assessment) 3. m3neasae (Construction)
1.1 msdrsanessilingn (Geological survey) 3.1 nsa¥1amguinnz (Drilling & Well completion)
1.2 msdravsumasiniiu (Reservoir Simulation) 3.2 nsdeaddlaseadrefugrumiloruilaiu
(Surface facilities)

1.3 myimhasuneisnssuundanniiues
#iuA29t14 (Core analysis for Reservoir properties)

s7uManLR 42,9 MUSD SauewaIR 277.3 MUSD
2. pseenuuUKariaunlasins (Desien & Development) 4. mstauasaazMaNoNs (Closure) (i 25)
2.1 nisaanuuu 4.1 tlnua:ﬁa:uqum‘n
JauneuNA 2.60 MUSD Jaustavun 34.84 MUSD

A157199 4.10 sunuaniiunis (OPEX) lusyuuiniiuansuauy

4 .
daunudesilunlvaslunisaiivau (OPEX)

1. nsAnduns (Operation) 2. nrsaunisuianstianau (Postlosure) (U7 25-43)

1.1 msondn (Injection) 2.1 msin nsihsede uaznstudunisimau (MMV)

1.2 n3dautings (Maintenances)
1.3 fuunisuimslaseanis

1.4 m3ia mitfhseda uagnisdudunisindiu (MMY)

)
FAUNINUA 41 MUSD/yr s’auﬁmm 16 MUSD/yr
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uenNd lumsuszanauduyuiinandifiansandninanan (discount rate) Wirufesaz 8 uazfiarsn
mMsidsunUaswe st uyusiunns (escalating operating expenditures) #2g finamsuszanauyussnsiniiu
CO, Vnal 1 #u fansneit 4.11 wazguit 4.9 azvfuidaduduyuludusesmsduiums (60%) uaznsieaine
(32%) Hudundnvadlasamslagsiy

= 2 o d o = s a Y of ar
19191 4.11 ﬂ'lﬁﬂﬁguqmﬂu?;uﬁa\'ﬁgUUﬂﬂLﬂUﬂqﬁ'Uﬂu‘ﬂaﬂ‘i"lﬁﬁﬂﬁWl'lnlﬁaﬂag 8

1. msuszdiudnunin 0.40
2. MIzanuuULAENANTATINTG 0.02
3. mafeain 2.60
4. prsAniunis (25 1) 4.93
5. miUnuazaazugua1s (@4 25) 0.08
6. manullunsvasnislavau (18 U wasn1sUnuazaazuguanas) 0.21
soudl#rtonun 8.23

q 31.56%

i =
msuszdiudnsnin nnsfaaIne

=D

nIRudun1IwdInsUavigu N1TEBARUULASHAILTIATINTS

59.84%

nsUnuazaazugu

mIAndung

Uil 4.9 dadaudunuvasssuuiniivarfusuiidnsiAnanviniuiosay 8

4.4 AUNUSIUVAINISANIUNA=NNINUAISUBUVDIS:UU BECCS

Ruamuuazarlddredmivszvuandvlulsdnidunaudazlseanunsavszanaldannisnsuumumds
2 1= I K] v__a o o o o = o
nsudn Ruawuuazel¥ineveanszuiumssneds (reference process) luthidiedl 4.1 shguisnm CO, fivdeyeen
mnnnseanvedlsslnindana (@ided 3.3 Uszneu) Mefindzuudndu Wesuiuluasuuazanlddgves
[l LY e o g o o 3 o = & G ar A o B =
szuvvudwazinfuiidnauldluinded 4.2 uaz dedl 4.3 azaunsmlienzsiduyunsdndusazinivaniuey

FBAUYBITZUY BECCS 14 lneflauudgrudmiunisieseninamsRuiiddgainssd 4.12 sl

CAPEX, ( Capacity,
CAPEX; |\ Capacityy

1. ]n,n =06

- BECCS inalulad msasnu na=veiauenu=gauleute




M19197 4.12 guudgiudmiunsiageininasiiy

$18N13 il

21glATINTg
* SEUUANIU
« szuurudauaziniiu

439
251 (ndu)
25 ¥ (vudauazimiiu) + 18 U @aninastiavga)

FnnAnan Gaswanauunutum) dmiuniaenty 8 %'

ansiAnan dwmiuniasy 3.1%°
nsdule 1.84 %’
ansimERulatiyaaa 20 %
Snsuaniou 36 THB #a 1 USD

! sasiAnandmiuntalanvuld Weighted Average Cost of Capital (WACC) Awinlasldiuvudiuvasgiafuiiiu 10 %
Snsnenidudufagiutag 4% - 7% Sanduviiaudadunindvasiasimsagsening 0.1 0.5 1uadndaglutas

6.55 % — 9.47 % lawilAnanaviniu 8 %

3 5m'mamlmmuﬁu5ﬁ‘nﬁ'§u1ﬁaﬂq 25 U (www.thaibma.or.th/EN/Market/YieldCurve/Government.aspx,

fufu 1 a.n. 2567)

3 Sasiduilowdodounds 25 U (2542- 2566)
(https://app.bot.or.th/BTWS_STAT/statistics/ReportPage.aspxTreportlD=409&language=th)

WeussquihmnedndvuazAndumsueu 10 Sudused Sududesiiniedndy co, mnlsdluiduna
SruauiieAu 16 wis (gidedl 3.3 Uszneu) 3U1 4.10 uanaduldadurunsdniuuazinfuesusunieaaiie
(Marginal Abatement Cost Curve for Capture) aslaslwdinduna 16 uviad annguaswuiduyunisdnduadss
Il Fanafiinfigaazeglutasszana $63/4C0, uazdany ity TngladlfinTasnaddud 16 Sdunumadngy
aglutaUszaunn $103/tCO, uanand duyumsuuduazinfuiisuszinu $10.98/tCO, fadu duulumsdngy
audsinfuansveureadsdlwihdunalinnamiiefsdideglutg $74-$1144C0, uwazmnndeimsinfiumsvau
T 10 Srudumutinng ensueuasdotlyadnaindush $114/4C0, Snslarudurmnmadusotamu

Marginal Abatement Cost Curve for Capture

3110 »

103
3100

€390 »

USD/tCO.

)80 »

©O70» i Cost for T&S = $10.93/tCO=

(350‘“ A A [ Y [y A A A A A

Cummulative amount of tCO, captured (MtCO,/year)

5UT 4.10 duyunisnisanduuaziniiuasuaunitegaiievaslsslunadauialunaiis
= ar  ar ar & o 2 ar oy
waussalmuiednduuaziniiuatsuay 10 Aududal
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= W7
-
LLUUY1aavNvuNIstou (Financial Models)

il ‘117?1ﬁ‘i']\‘lLLUU'@]']aEN'i"I'Nﬂ']'iLﬁ‘LIL‘ﬁE]ﬁﬂ'i?ﬂGI‘LIVI‘Llﬂ'ﬂ"U"i]']E}ﬂ']'i@]ﬂﬁ]‘ULLa“‘ﬂﬂLﬂ'U NARDULNUADLENTU A5
nIgAniLY ‘Llﬁ u']Lﬂu"tjE]Qﬂ']ﬂ‘i%ﬂ']ﬁlﬂﬁﬂ'mﬂ?‘imﬂ?ﬂ"'] ‘Ni.l‘i’]ﬂa::l@ﬂﬂﬂﬂﬁ’eﬂﬂu

5.1 sUluumsavnu

sULUUMTASYUTETY BECCS fmnzandnsuituiiniamilovasuszmalneensifuuuy Partial Chain fauang
Tuguil 5.1 Sauennisasuszuudindu uazsruuvudaazAnfiu (Transport and Storage, T&S) senaInAu ilasannlss
Tfhdunadaduumasmniueuiidosnsdniunszaemagingian luva undsinfuilies 2 wis mslguuuy
msasuiazannsolininensluduvesszuvruduarinfusuduldoiduss ansam seazdeamsamy
Tuusiazdududdelud

szuuandu - lsdhiihdnnausazwisdanaszuudnduiuinnnnsdiunumnuundvedsdiih lnsgamu
anvazifuvigndrvedlssliindunaes visuisvienvuseduiidanudeimaaniz agrlsia co, idndy
Inladevasnszurunmandanlnihi Liawnsehludmheviondadundndnsindyasmaaseghald ewn
1) B ' v g o a Yo oo o o ' e =
#asgnmihdsuszuvaudazdnifvadutuiiuldfufielfiiadunsudesarsvewduau wWeaussqumune
Net Zero wasuszmalng fatu lassn1sidshifisgldfmeimuesiues nsdinuasimalsusu (carbon pricing)
FaflanudduazdiiusgrBafieadyadifiumaaseghauiavsuiidnduduandugud 5.2

nmsimuemeiuauamsaildlasgldnalnmenainvesansueu (carbon market) mniinanaansuauil
TUszaAn8am szuudndvazlingldanmsunegluiusesnisminaisveulunaia mnsgldludiuidunnedias
AIaUARNRUA LAz TIevesruUAnduLainfiy Sulufwanauunuiiamsrasadvesldume meamu
2 = [ a ) o, =& LA ' g [ < o
fazdanuduamanisdu wWelimsdiiumaduledneddu agelsfd mnyarfisanaainasvaulimieme

ar [T | s ' =

MATge1avzdeslinsganyu (subsidies) luguuuusingg Mmunzay

Biomass power plants

L 25yes 4 18ya

5Uil 5.1 Partial Chain

-_— BECCS inalulad msasnu na=veiauenu=gauleute




Carbon
Market

principal payment

Revenue from CRC

Carbon removal
certificate (CRC)

Equity investment Return on equity
investment
Debt investment Coupon and

Interest and

CAPEX and O&M

Private Entity Capture

principal payment

Investors Biomass Power plants

§U# 5.2 guwuunisamuuasnalnnisaiiesglalussuudniu

sEuuvudauazAnAu - iULL‘UUﬁﬁﬂﬁ]ﬁ']WiU‘i&‘UU‘HUﬁQLLawﬂﬂLﬂ'U LLﬁﬂxﬂ‘Ll‘iU‘ﬂ 53 LUE]Qﬁ]']ﬂiuUUu"i]']LﬂUG]EN

Iﬁi‘w‘hﬁ"lﬁ']ﬁﬁ‘im"‘IUHW‘i'J'N‘VIE]‘?JuﬂQ LLﬁ“ﬂﬂﬂﬁWﬂ’iUﬂaﬁl Anfiu @N‘LI‘L{ ﬂ']ﬂi%ﬂ'J‘iNUMUWﬂIﬂﬂWSﬁQﬂULﬂEﬂﬂﬂ 1FALEUNG

Huluegheiiuszansam suuuumsamuiianzaude mssiumuszwindguaziensu (Public Private Partnership,

PPP) lngnasguazionvusinamuluszuvauduazinfu Saniesgduddamiiau (land acquisition) wazienwu

amuuazduddnidunmsszuu meldvesszuvrudwazdnifuinannasssudounisaudaazinfu Adafuain

LUUANIUAUUSN CO, fide Beansssuteudfaunsadiuvasalafiszuuandulsanmsanglususasnisiianansuau

Tusaneansvau

Revenue from CRC

2 "(.!?- re wes sae
A

16 biomass power plants

AP+OP

Private Entity
(T&s)

AP = Avaibility Payment
OP - Operating Payment

CAPEX + O&M

JUsuwuianon

Land acquisition

Transport Storage

5U 5.3 sUkUUNIsAUsTUUYUAIAziniY
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dudusuuuumsiaiuneldimunzay Ae 3Usuu Modified Gross Cost melsigunuumsdafiuselduuut
Fpdudhvemgldasssuflvanisaudaazindu aasgazdieainnundau (Availability Payment, AP) uaz
1A LfIuNg (Operating Payment, OP) liffiutanau lag AP ifuduiuiuasfifianasiusmudyadazgnangli

I ; v g o v o V= S = , v g oo &

envuRTuinfiszuvruduasinfiuianunieslunsihaulaghiiuiuyiinnm co, lvudiuaziniiu Budiutaz
ATaUAURNAM LAz IdTersfivaaanyy diu OP azfuduiidelfnuuiuna CO, flvudwuaziniuiifinduass
P P e w ' S o Hw g MY e w SIS VI o
Rudnllazasaupguenldiieduuusvasensy mnasssudeniidaivideiaiesniiduidginegliienyu (AP+OP)
pasnafifife Rugemyuiisgineiiiuenyu

5.2 annAUun18diAS1K

HARBULNUNNNITRUIINMTIATZianTim] (scenario analysis) wiseenilu 6 andimd Usznau
faeandimitagiu wazanimideauufigiudn 5 anvied dadl

RMNANA 0 (Scenario 0, S0) Ae anumsaltagiuilifinanmsueunmatedu mafgdidsidnalnaduayu
wialulad BECCS wnvuufasuluszuudniunazinfuiesiome daanslugudl 5.4 @) anvieddlddunsdgu
=4 [ v v g <
WaUszanusiunumdndulaziniiuasuauvas BECCS

21n%iAUf 1 (Scenario 1, S1) A anvimdBauNRgIUIdszULTavIedNslunIsUaasNTEaunTEan
(Emission Trading Scheme, ETS) Tutszinalneiisasiumsteanglususesnisidnnisuau meldainvimii nansznu
MeuanBeau (negative extemalities) vasiiaunszangnuuadiifusiuyumaeasegiaiusainaiveuy envu
fiasuluszvusndvaziingldnnmsuneluiusesmsidaasveulunairasueunaderuwaziensuiiasuluszuy
' - = ) ' = ' w2 =i % a ow oa
yudsaziniiv ziisgldannearsssuiioumsvudanazinfiu CO. annauiiilfuldvesszuuaniu dsuanslu
g‘dﬁ 5.5 (a)

RINVAUN 2 (Scenario 2, S2) Aa anviriBsauuAgiuhilszuu ETS luuszmelne uazmedzliuleuisganyu
ToglifRuyulifivardesaz 50 vasduamuszuuaniu seldszuudnduuazszuvaudmazinifunanmsegly
o a_ ar < ' = o T | o a =i w W e
fusasmaindamdueu wazassauilons mudeu wuiediu S1 dwanduguil 5.6 (@) meldanyimiil lnvuas

fmszRuamuanad dwalinanauwumansRuiady

RNALN 3 (Scenario 3, S3) Al AnviruBaauuAzwhilszuu ETS uszmalne uaznadgliuleunsgavyu
Ingliasfinnn8{uasu (Investment Tax Credit, ITC) dndmdosas 50 vealuawmuszuuaniu Meldszuuandu
warszuvYudmazinfivinnnsneglususasnsiidnendueu uazsssuiens muddv wuideaiu S1 fduang
luguil 5.7 () meldanvieddl masgazrliasfnnBlfyraduienvuiiamuluszuudndududadiuvesiuamu
= o I, va o o e W baa Su o oaww = a
Felunideiimualififesas 50 tenvuanansaiiluinesnndlulalfyaraiisesdsld (uenwmileannsdn
Fideusavasszuuindunuund) Wisualleunasgiisganyuluamuszuuanivliiuiensuiumsaneilddng

NNNE denalfianauwnuNIenN s uiuay

NYiALAN 4 (Scenario 4, S4) fie AnviFUBsauNAFIW ISz ETS Tuuszmdlve uaznasiiuleuiegamyu
Inedar¥evediusrsdmiuarsueu (Carbon Contracts for Difference, CCfD) Asuanslugudl 5.8 (a) neld

v

L4

anvimiil nesgasyidyniuandgudiuiienamsusuiuienvuuiazsg lasdyyrdevivdiusnsdmsy

=

AFUeU 31 2 JUNUU A FYQIUUUNIALL (One-way CCD) wasdayauuuansng (Two-way CCD)
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Fyuuumadndedyiinessiiavsienaulunsndluiusesmsmiaafusulitusginendtmualy
(exercise price) slneund wneuazldavaidedesmasvaulusanasinisaldansvingy mnnaesueuly
nanAsuauganimATidans envuasneluiusesmisidnnsueulunaeaniuou dyrguiuudusuatiou
ﬂﬂﬂ%ﬁiﬁﬂ’ﬁxﬁ"t‘li’]ﬂ’l‘?}‘:uﬁ:’lﬁliadiU%U‘iENﬂ']‘iff']ﬁ@ﬁ’l‘gUamLﬁLaﬂ‘ﬂu Fafldnwazimdounneaudu (put options)
fFannsaimuaneEanslaedafudununsinduuazinfvresensuusasesuanslugud 4.10 14

i =

FYLuuanane As dgyfissuazienvuliaiszyniudawaniudsuaiudesan lunsalid winsen

P U

o 1 ]

asvaulunaIniININIAARNaINY $592319dUAN95EUIN951ANTIRNAINUAUSIATRAIA IAULENTY LAKINSIAN

A

(Y s

asveulurangindtnminnasiu lenvulzdesinediudrsszninenaeaiaiuamfnnasiuliiuiy dyan

o

sUkvviliidnwazmileudyn @eveaimii (future contracts)

aNWiAUA 5 (Scenario 5, S5) A MnviAUdsAuNATILMITaUANYIAIT 4 uazfumsduasiududinenidesd
Nnmefglusienyufiasuszuuandy daansluguil 5.9 (a) aeldandimil dunutuuduade (Weighted
Average Cost of Capital, WACC) vasmaenvuitamuluszuuanduazdias dawalvidunumsdndugnas

A15797 5.1 aguauuAgruvesudasaniaditldlunisiiasiziuuudiaameanisitiu

Ay seazdun

i 0 (S0) anmunsaiihytiuitlifinarnaiiuauniatsiu masgdliiinalnatusumalulad
ar ar a &
BECCS tonvuiiudamuluszuuinduuazinifiviosaun

andienid 1 (s1) Fszuudovwanslunisudesfedaunsyan TS Tulsumdlneiisesiunmsdos
Tufusesmsidamiusy wnvuitamulussuudnduszineldonnismeluiuses
nsidanifueulunainmiveuniatsdu uazienvuiiasulussuvaudaasiniu
iiselfandrssuiisunsvudiazinifu co, amensuilidudrvesszuudniu

w sl - - - '
a1niAdi 2 (52) fisvuu ETS Tudsznalne waznadziivlevnegamulaebitunuliidardosas 50
vaaiuamussuuaniu Teldssuudndunarssuurudauasiniivunainnsig
Tuiusasmsirdnativeu uasdisssudioun awdiiu

Nl 3 (53) fiszuu ETS ludszndlny uaznaizluluuisasmulngliinsfani8@uamy
dAndaudonas 50 YaaluAMUIIUUANTY WRBUIATDUAATEYIBgAVLUISUA Y
szuuandulituienyudumsandiligienian swldssuudnduuasssuuvuds
uazAmfuaRanasusluiusesmsiiamiuey wazArsssadess mudidu

e | ar '
a1nviAli 4 (54) fiszuy ETS lusznalng uasnedgiuTsvuganyulnedyny deviedausha
o SELIER o o ;
dmifuariuau (CCM) neldanvimii neigesidumnuaniuasudausiieaan
Arsusuiuenyuudassiy

aniaiid 5 (5) aundgruwiiousiniiaid 4 uandunisdasiuiudaendedninnniy
Turenvuilasuszuudndu

5.3 wan1sIAS1:H

wudiaemmsRudnamansuwunensRuvesensuiiasulussuudniutasssuvrudazAnu
Fuganyuiidudunniglunsdivanauunuvesiensushnitdnsnanauunususi wazuiununisinifu o,
Tuudazanniied nisdnziluudazatndia enduainiadd 0) axdnnesianugeulm (sensitivity analysis)
iiteusziiunansznurasn nudsuntasnaasveulunananiusunatsfusnadns ld auuRgiumaniadu
uamslumseit 4.12 venanni Sausdgnilunsdidunudselud
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- eldvesszuudnduinanmsugluiusesnisidnesveulunainasuau

- swldvesszuuruduazinifunannesssudeuiiivannlssliihdaunaiids co, Adndulddszuy

- Lanﬂauaxamu“l,usxwﬁ'ﬂﬁur"iﬁiaLﬂawaﬂaumewnm‘iu'hiﬁﬂﬂiwaﬂa‘uLmué'?usi"]ﬁﬁmms Fafuuginm
i CO, fignaudszuvrudazinfurinfunasiuvesuiinu co, idnduldveslssinirdna
Afsaruuumanisiuiiguen

- fesnnFuganyuainniadglusiazainiadiied uauazdraanfioltausnieuiisunise
nsganyuszninviedld  Bugeanyuveinaszlussazaindimiazduisduyadtagiuandlae
TsnsAnandmiunady auuandunmssi 4.12

® 21n9iAUT 0

U 5.4 (b) wansduuauinvssmsdniuuasdurudufivvesnsvuduazinfuiienvudeudeuiiuiu
NnmMsfdumsUnd MUBinumsinifuaususineg nguaznui mndesnsussquimngnnsinifuafusu 10
Srususet (sliihdruna 16 wis) aziidunuauismesssuudndusiuindu 843 MUSD/yr uazdunuauifiuges
syuvIudarAiUTIIINAY 111 MUSD/yr wassausivsadu 954 MUSD/yr Ssnneldanniiendi Tumeufun
msasuagliiatu Wesniunsamuiiuasseldaenamaiudumunsunivedsdlaindamafisredade
IngliifinanauwnumansRunduingionaugamu

> o
® 21nnAun 1

JUT 5.5 (b) wassUiunmuesuausmfiaunsadnfivlduazaszmaganyureinasiiididuiismeaiven
#inee meldanniiei?l 1 nguazwuh Ananansdueuhiu 115 USD/CO, ladlniivia 16 wisazilannusuaimenisiiu
lunsamuszdudndu seldanmsvgluiusesnisidaansueulurainesusupsaurquRuasu plddngvesszuy
LT lﬂl = 1 1 = ] @ 1 ar @ 4‘
AnduraspIuNanBuLLiaIMANA Lazifisanadea ssudounsvuds CO, Wrszuvrudwazinifiu Walselnih
M 16 Wiindu CO. wazdadhszuvvudwasinfu Ui CO, smdwviriu 10 dusu Tunsdil szuvvuds
wazinifuazdemududamanisduludies aadglisidudesganyu lumenduiu masiaansueulusaiasdind
115 USD/tCO, Fruaulssinirdnaidanuduelunisamuszuudnivazanas dwalivfuinmu CO, figndudn

] o =3 13 = B
srUvvWdLazinivanas (Funmwas)

E w W oo ' | v g 4§ w =i o =

wenanil mesgietliRuganyuunszuvudwaziniiuielfienvuilamuluszuuilfasdinanauuny
Tuszdvauwmana lneduiukuganyuaziiudumusinasvauiianat aumnsaiAsueudiasiis 74 USD/LCO,
wlifilsslwihdanaladanuduailumsamuszuudndu vililidl co, gnaadhszuveuduazinfu dddunsdd
mafgaziinszmsaavyulfionvuiianuszuvruduazinfu isduuszunn 700 MUSD (amtaguu a U 2024)
Tngfliiamsfiniiu CO. ey

deRsaunlieuiisunmaniveunnuuudtasmamsduiunamesvedlunaeansveumeainslaves
Uszindlnglutagiu wuin Tl wa. 2567 Innsdeveeniveuinsinvisdulszann 7 uaudu siauade 125.05 um
+ oo = o ' . o < 7] = = a o a2
ApAU [54] FeAINI131ANANTUBNANNLUUIIARINN wanandl wiazidisuifisunuaaiaiinaiufuiuay

@ 1
fiafasnmegeszuudeviednsiumsuaseniviseunszanvesavaiwglsy (EU ETS) wuin Tugas 3 Ueinuun
(P.A. 2022-2024) 391 Carbon Permit 8832719 60-90 EUR (Us¥unat 63-94.5 USD) dssnninsnaimsveu
aihlussgumunenisiniiu 10 dudusied (115 USD/tCO,)
= o = 3 s oms s = s =i 3

mMsfazussqumanemsiniiy CO, aaamsusunatsAvlusuAnIzdedlinsiauIulgUan

1 ko
winweflazrdnsiuTmAsueuliddiszauAnam Ay enananldi nmsendenalnnanaaisueunialtsdu
=i 1 =i v @ - @ o L | = 24 o & Y = ' =
Wesegafiey msussguimanenisanfiuaisueuy 10 dususetfinnudululden uduazdesdinisduaiy

LaZRAVYUINLLANIINAIATE

= BECCS inalulad msasnu na=veiauenu=gauleute
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o sal
® 2n9NAUN 2

Ul 5.6 (b) uansUiinaAnsusuTInfiansadinfulduazaiszmsgaryuremaigiisiuiinmasveu
¢hag meldandimii 2 Sannedgganyuriunisiiluyuiiemsamuszuudnduiuiensy anguasnudn Ruasu
fanasilfnanenuauiiviilifussgithwnenmsindu 10 dudusielanasan 115 USDACO, luanviail 1 u
105 USD/ACO. MszmsganyuvainIasgluszuuanduliiuszanm 1,242 MUSD ag4lsfid 105 USD/ACO; finadu

=i = P [ @ ' . 7] P [ ' a P

safigann duwuld ewn dununsandudnlugidudlielunsduiuns duyudiuiuamuiidadn
Uszanudesas 30 vasuyuvimuawihtiy uenani dsenadueusinit 105 USD/ACO, MIxMIganyuYaIma
ar o X = o=w 2 ' L 4 = 2 1 L - =3
fpaniuduannRuitdedldganyuszuvrudwazinfiu ilesanuiunnm CO. fidudszuvvudwazdnifulids 10
fudusiel

® 21n9AUN 3

Ul 5.7 (b) uansUTunumfususaunsafniulfuazmszmsgamuvesmasgiisduiinmensuey
snaq meldanniiaiil 3 Sanedglinsgamyuihunisiiesfinn@fuamuszsuudndu angussnui stmensuey
fvilussqimnematnifu 10 SudusielAe 105 USDACO, wilsumniimid 2 sl Wasnmnfinsannszua
Ruaaudreznuihaniadd 2 wae 3 danueadrendsiy nanda mesgisannszRuamuszuudndulfunienay
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CAPEX and O&M
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CAPEX and O&M
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(ETS) | Tax Credit
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General tax
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adl 5.2 wassihagumalssnamanszuTasAatuanmsldundsiuuunsUssaniinamislulums
gavyumalulad BECCS fiaasuausineg meldarnsiaidl 4 nsdifygruuvassms anamsmud desm
pfuauaglugag 0-90 USD/ACO, mnlde Ft luundsduyuaznsznudaselnihuszana 0.8-17 anndsenie
vieAnfleulbutszana 19-380 UWACO, @RansmmsUdesiedounszananmananlnind 2566) Tunsdlilld
mBensuauuudemameata lunsdidauudiuiunadueunniiuuuluses Awalumenudsensznunen
dafuuu@ulugag 0.04-0.8 vivsedns uaznsznudiiuisalutag 0.05-1.00 vnsedns Fausledmuanbudnnang
mfusuanemsUdesfnedounszanvesiamdwsiazelaudfiusznm 18-360 U/ACO, Tunsilanthe wn
THuuszanauiuiu avdszanandudadiuiosaz 0.05-1 vasuUszinaukuiudel (Fuiuumiulsznusedy
Yauuszanm 2567)

Fuanluangeit 5.2 uifesinag umsdumranszuidesfuainnisléundsduyuusaz sunuusendy
wirthu Tumaufoa fganunsafnnsanldunasiunansguiuuiindy wu ludssezduiinainasueudainm
Ll $5e199desgavyuainRusudssinunoy mndudlenaainmu|fszesniudunaaiundnasazan
Nngldnmsuszyaavinisudesiedounszan wazRinnsanunasduduaiuniugiuly

winmsnlulunsahsussdafieheasnansznududsneadeuinienuunaeiiGeni vénnsdieuans
\uffan (Polluter Pays Principle, PPP) wiasiduyuildnanendnnisdae e Ft ludldh seldannisussyadns
nsUssefiwideunszan uazadansueu Fuanslugud 5.11

= ar ' 1o W g
M1579% 5.2 ﬁ‘JE)EJ'NNan‘s%‘ﬂ‘U'ﬂEls‘ll.l,‘iﬁa{lN‘l.l‘iqquwl%uﬂlua'mﬂﬁwﬂ 4

FAATIURY Subsidy _ *umeaidu
———————— e ———————
[l 7l I *Carbon Tax 9inidamBaNoada .
’ *qudszunm

P : dmane nIEny niznu u_xv‘:fﬁ;u
(UWACO,) Auudy | Timdee (%
“ (uwm/ans) (u/ans)

50 80 $954 834,341 80.1683 8384.29 $364.00 £0.80 51.00 0.99%
$10 8360 $853 830,710 80.1505 8343.66 $325.51 80.71 80.89 0.88%
520 8720 $752 827,079 $0.1327 $303.02 6287.03 80.63 80.79 0.78%
530 81,080 $651 823,448 80.1149 8262.39 6248.54 80.54 80.68 0.67%
540 81,440 $550 819,817 £0.0971 8221.76 8210.05 80.46 80.58 0.57%
450 81,800 $450 816,185 80.0793 8181.12 8171.56 80.38 80.47 0.47%
§60 82,160 $349 812,554 80.0615 8140.49 8133.07 80.29 80.37 0.36%
570 82,520 $248 88,923 80,0437 £99.85 894.58 80.21 80.26 0.26%
580 82,880 $147 85,292 80.0259 859.22 856.09 80.12 80.15 0.15%
590 83,240 $46 81,661 80.0081 818.59 817.60 80.04 80.05 0.05%

! srsauatiandsnu 2567 Vununslinaanuliilil 2566 winfu 204,023 druwdae uaz Emission factor aamsuaniniiiiu 0.438 tCO,/MWh
(https://www.eppo.go.th/index.php/th/component/k2/item/20753-energy-statistics-2567)

? 1489 Vst nauwudy 11,559 A1udng nduAiva 25,153 1uaas (httpsy//www.doeb.go.th/th/statistic/procurement)

wazAn EF (0.0027446 1CO,/8n3 dwiuiiwa uaz 0.0021896 tCO,/Ans dmiutuudu) 910 UssniAnsuliondesssuuna Foe nantnausin1sseey
uazdtnisAuanUBununisudesudaiounszanainnisusznauiiansUlnsidey w.a, 2565

* g8 sudszanuseIieleuyszunm 2567 3,480,000 Aruum
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WleuesumsRuianzaudmiu BECCS sl
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SMANUDAN

n151971 A-1 deyadnanlnnianieandstuialunimmniie* anssuugrudaya SPP/VSPP w91 naw. [44]

. o ar
AAIMs

el |

FuiGae
Anfu Fousun i‘{g'a HBARRGS LRHELTLT v (cop)
(MW) | (MW)
1 | Uit 339 wafia luledudawes diin 2.51NAF 2.UATAITIA 85 30 | 24/03/2566
2 | ven. indiunawes Wlseuwed (asims 2) a.Atdnetanind 9. funamrs 61 8 15/01/2558
3 | vigw inweslnelulewines diin 2.51NAF 2.UATAITIA 60 60 | 07/10/2556
4 | vnainwasive Sumediuduua ynts Aefaisty | o.aed 2.unsassA 50 8 25/01/2552
5 | vitv lneendnuaimined $1in o.flovgnIAnd 9.905ARd 50 38 | 07/04/2559
6 | u3tm lnegadesgaamnisy S1fn 2.83N Linvysal 47 8 21/1/2546
7 | van. geamnssimnatiuls Gasanig 1) o.0uly 2.9vigend 4 7 7/1/2551
8 | uen. imdiunawes Wiseuwed o Ardnataninf o.funans 36 8 05/03/2556
9 | van. indglwie luleteuwued o.A3dvunae 2.qluviy 35 8 23/03/2555
10 | vna. tnwaslne Sumediuduuua ynd eefUaty | e.flewunsarssd suesanssd 325 | 25 | 03/06/2552
11 | ven. lnsgadendalh o.43mN Lanvysal 28 8 15/02/2560
12 | van. Insgadendnlu 2.63W Lanvysal 27 8 28/05/2556
13 | van. Gnlsadale (asanis 2) a.0uls 2.9viwed 27 8 16/06/2557
14 | U3t fndHidns lovdnouwed $1dn 2.0 WU 2.AT0T 26 21 | 28/12/2565
15 | vithm vaumalulemined $1in (asanis 1) 0.{l0IuATENTIA .UATAITIA 25 25 | 23/03/2560
16 | uim vaumalulemanes S1in (asants 2) 0. 00IuATNTIA TURTAITIA 25 13 | 15/01/2563
17 | van. thanalneendnual o.flovgnIAnd 9.9n5ARd 23 3 25/01/2552
18 | u3dm el lulewnned dirim 2.UNYAUIN L.ATAT 22.5 20 | 21/12/2548
19 | von. thenaunsines o.fleauwanys o.funanes | 22 5 12/06/2555
20 | van. thaansrefunanes o.fleauwanes o.fuwanes | 21 52 | 03/10/2559
21 | St giiwonil Tule tewed drim (asans 1) .aiesual 2.9vesi 20 195 | 11/04/2557
22 | van. dmaRuailan 2.UNNI= L. Relan 18.5 8 06/03/2551
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Andsms | elain | Suiiduune
anu Fouigm i sAnARR anudeyan| Twh (cop)
(MW) (MW)

23 | uan. ulseAwANIUAzeA 9.11g0R 2.61A 16 8 01/12/2553
24 | vyan. winszsia wnes 9.3990779 LUNT 9.9 8 08/08/2562
25 | van. usmrud lule aife o.liu 2.8 9.9 8 09/07/2557
26 | van. fumawesnIuduesd 9.1 UWALNYT L. ATUNILATS 9.9 8 07/08/2557
27 | van. udmud adu iwed 9.A99289 .M UNINYI 9.9 8 26/11/2564
28 | van. Urulsudalnh a.Uwls 2.9viesl 9.9 8 24/02/2554
29 | van. Auwaweslulemies 8.A883783 2.MUNIWTS 9.9 9.5 | 03/04/2560
30 | van. wied et 9.121790 LUATAITIA 9.9 8 12/10/2558
31 | van. Adaslulewnes o.lwnzia 2.R3my 9.8 8 23/04/2558
32 | uan. avlalu n3u 9.uile3d WU 28U 9.6 8 22/03/2554
33 | van. gashng n3u mwed 8.dlevgasfng .995fnd 9.5 8 04/06/2564
30 | uan. ueswesnIuLesE oI unans 9.0unanTs 9.5 8 13/12/2559
35 | van. ann3u Welsan D.NIUNTZAY LATULWINDS 9.5 8 25/12/2555
36 | van. adnluleuud 8.a1730713u8] 2.9l 9.5 8 06/07/2555
37 | vua. lAaies wiines 8.58u a.uns 9.4 8 05/02/2559
38 | une. inweslve Bumesiutuuua ynd redvaistu | o.eed a.unsasiA 8 3 06/06/2554
39 | uan. l.Led. W38T UWAUN 8.A883757 .AUNIWTS 6 54 | 20/05/2559
40 | ven. newd? wuewh 8.A8BIVGY 2.AWWANTT 6 52 | 01/11/2550
41 | van. Ateseywd 8.7ty 2.903Rnd 4.9 4.5 | 26/01/2559
42 | van. Teawed wealan a.nIvuRI A Avalan 4.9 4.9 | 09/08/2561
43 | yan. Auwawssean i 0.LEIDIAIUNWIALNYS AATNWINTT 3 28 15/01/2556
44 | yan. VuBsUa n3U W1Ines 2. mupl 9.UATAITIA 18 1.8 | 02/07/2556

mnewme): wwzgndnliihandemasdanai cob Tull 2566 uazndalnvhmeowaluladisiuleth
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M19199 A-2 Ruaanuvasszuuaniuvaslsaliiidoula 16 Tsg

TdlndinGauna MMAsN1IANAY CO: (M) | WNuawuszuuaAndu (MUSD) |  Adldgreluntsaniiunis
(MUSD/yr)*
1 1.279 241 50
2 0.935 200 41
3 0.918 198 41
B 0.779 179 37
5 0.778 179 37
6 0.732 173 36
7 0.621 156 32
8 0.561 147 30
9 0.540 144 30
10 0.506 138 29
11 0.436 127 26
12 0.421 124 26
13 0.409 122 25
14 0.394 119 25
15 0.389 118 24
16 0.389 118 24

' Arlggglunsduiunisny Aliseduudslunszuiunsandu (wasu arsedl deg) Aldselunistigeine Ussuwi 4%
vosduawu/Ad [52] [s5lmlrdralunisuinisdnnis
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A19197 A-3 $19aZ1BUANSEINUUSSUUIUES CO,

Tadluliln | S CO. | umdsfniiy AUTIN A8 S
$awra | divdos | Umems | pistance to CAPEX OPEX  |SUB-SPUR| SPUR' | TRUNK | DIST
Mt/yr) Sink (km) (USD) Wsbyn | @Y | todn | a2 | (10
' km) | km) | m) | (km)
1 1.279 | ussdnl 400 20,404,500 | 2,789,738 0.2 16.9
2 0935 | usadhina 287 14,602,000 | 1,996,106 1.3 34.5
3 0918 | ugsdhuna 400 14,948,500 | 2,044,284 0.2 16.8
4 0779 | uswueaia 138 12,484,500 | 1,707,433 0.2 16.8
5 0.778 | ugsdhun 138 12,484500 | 1,707,432 0.2 160
6 0732 | ugsueta 156 11,616,000 | 1,587,211 0.2 1415
7 0.621 | ugadhune 435 9,856,000 1,346,951 0.2 96.6
8 0561 | udadhuna 287 8,970,000 1,226,606 1 35.8 202 61
9 0540 | udadhune 134 8,618,000 1,178,398 0.2 118.9
10 0506 | ussueaia 91 8,090,000 1,106,225 0.2 16.8
11 0.436 | ugaueith 159 7,028,500 961,995 48 1415
12 0.421 | ugsueath 159 6,688,000 913,901 48 1415
13 0.409 | ugsduna 436 6,512,000 890,060 0.4 96.6
14 0394 | ugmueaa a6 6,330,000 865,722 584 | 49.2
15 0.389 uswvusIln 91 6,324,500 865,756 0.2 10
16 0.389 UBINUBIU 91 6,324,500 865,756 0.2 10
e 1 wwavisUszian SPUR gnldsaunusznilslula
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