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On behalf of Department of Alternative
Energy Development (DEDE) and Efficiency
Kasetsart University was assigsned to conduct
the study of sustainable biojet promotion plan
for Thailand. The objective of this project is to
study (1) Guidelines and action plans for
sustainable biojet development of the country
and (2)
production and possible implementation in

Investment plans for commercial

order to submit to national planning policy
framework. The results of the study are as

follows:

1. The analysis of jet fuel usage
1.1 Global situation and trend of jet fuel
usage

Global fuel consumption of commercial
airlines tends to increase every year since
2005. It is expected to reach 98 billion
gallon in 2020 even though the economic
in 2009 effecting in

reducued usage but after that

recession slighting
it has
continuously increased; driven by the growth
of the aviation industry, as the demand
increases every year. The air freight volume
has increased due to the rapid growth of e-
commerce businesses and tends to grow
continuously as shown in Figure 1. Jet fuel
prices change with global crude oil prices,
which have relatively high volatility with the
lowest jet fuel price in 2016 at 1 USD/gallon
and gradually increased to 1.74 USD/gallon

in January 2020.
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Figure 1 The amount of commercial airlines fuel used around the world between 2005-2019

i : https.//www.statista.com/statistics/655057/fuel-consumption-of-airlines-worldwide/
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The International Civil Aviation Organization
(ICAQ), with 192 member States as of 2020,
has a mission to serve as the global forum
of States for international civil aviation. ICAO
develops policies and standards, undertakes
compliance audits, performs studies and
analysis, provides assistance and builds
aviation capacity through many other activities
and the cooperation of its member states
and stakeholders. ICAO forecast the volume
of passenger transportation during the 20
years (2019-2040) that the overall passenger
traffic annual growth rate will be 4.5-4.6
percent. According to prediction of AIRBUS
(forecast that the annual growth of global
air transport is 4.8% and 55% in Asia
Pacific) and Boeing (forecast that the annual

growth of global air transport is 4.7% and
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5.7% in Asia Pacific excluding China)

1.2 National situation and trend of jet
fuel usage

Data from the Department of Energy
Business (DOEB) shows production and use
of jet fuel in Thailand tending to be
consistently high due to the growth of the
aviation business, with the number of flights
increased by about 2.6 times from 2009 to
2018. The average growth of jet fuel usage
is 4.15% in comprarision with the previous
year. The usage increased from 4,538
million liters in 2008 to 7,005 million liters

in 2018 as shown in Figure 2.

@‘ UATINEEBINYESAENY
* J KASETSART UNIVERSITY



TasensAnwwEINIINSaRES U BmaTInmeIN1AguagedeEy

The Study of Sustainable Biojet Promotion plan for Thailand

77[1\77%@971/30’11/1;1/2?1/?%77

Executive Summary

9.000 B raumsdieen/Export

8.000 e Wanamsanmitg/Sales

UInaun13ndn/Production

7,000

6,000

5,000

/Milion Liter

4,000

P
ATURNT,

3,000

2,000

1,000

2008 2009 2010 2011 2012

2013

2017

2014 2015 2016 2018

*[3/59n50AN NITLT UALFIRRNTDINEIDINIALIUAIVSUIAS BT UN NN ITNINS

*Excluding production, usage and export of military aircraft.
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Figure 2 Jet fuel production volume, usage and export in Thailand.
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For the trend of the jet fuel usage, the
economic Intelligence Center (EIC) estimates
that the Thai aviation market in 2019 is
worth 3,200 billion baht, with a growth rate
slightly reducing to around 4% YQOY from
4.3% YOY in 2018 caused by the reduction
in number of passenger which expected to
be around 59% YOY from 6.1% YOY in
2018. This trend conforms with global
that the
International Air Transport Association (IATA)

aviation business direction
forecast the Revenue Passenger-Kilometer
(RPK) of the global aviation business will
slow down to 7.7% YOY and 6% YOV,
respectively. The growth of aviation business
in Thailand mostly results from the
expansion of the international flight

market rather than the domestic ones.
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2. Technology of biojet production

Jet fuel can be categorized into 2
types according to the types of engines:
Aviation Gasoline for using with piston
engines and Aviation Turbine Fuels for
using with gas turbine engines. Currently,
there are 3 types of aviation gasoline;
Octane 80, 100 and 100 Low Lead. Each
type has specific requirements clearly
stated and must be changed according to
the engine used. According to American
Society for Testing and Materials (ASTM) 910
and British  Ministry of Defense (formerly
know as DERD) 2475, the specifications of
the aviation gasoline composed of 3
components; Suitability, Composition and
Chemical and Physical Properties. There are
also 2 types of Aviation Turbine Fuels such
as (1) Commercial Turbine Fuels (examples
are Jet A, Jet A-1, TS-1 and Jet B-2) and (2)
Military Turbine Fuels. And the comparison
of their propoties is shown in the Table 1

as follows:

M1319% 1 AauandAveiduawdseniAey

Table 1 Jet fuel properties

Military Commercial

JP-1 -

JP-2 -

JP-3 =

JpP-4 Jet B
JP-5 Jet A
JP-7 -

JP-8 Jet A-1

77/':117 : Aviation Turbine Fuels, Boeing, 2545
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Currently aircraft fuel for commercial
aircraft can be classified into 3 types; Jet
A-1, Jet A and Jet B, which are clear,
colorless, and have similar components to
kerosene. The main difference between Jet
A and Jet A-1 is that Jet A-1 has a freezing
point lower than Jet A. Jet B can be used as
a substitute for Jet A-1 only in very low
temperature areas because it is more
flammable. JP-4 (which has similar properties
as Jet B but added anti-corrosion and
antifreeze) is used for military fighter jets. In
addition, there are also JP-5 and JP-8 that
are similar to JetA-1, but they also contain
anti-corrosion and antifreeze. The most
important specification and quality
of commercial jet fuel is the Freezing Point,
which must be very low since the
commercial aircraft fly at very high altitude at
cruise. In general, commercial jets use Jet A-1
which has very low freezing points to be
able to use in such condition.

Aviation biofuel (Biojet) is the jet fuel
that is not produced directly from crude oil
or crude oil derivatives and must have
similar properties that can be used as a
substitute, such as not frozen at low
temperatures, not settling sediment inside
the engine at high temperatures, and
provide energy not less than 42.8 MJ / ke.
Biojet is produced from various chemical

processes, as shown in Figure 3.
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FOSSIL AND BIOMASS FEEDSTOCKS
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Figure 3 The Biojet production process model

7417 : http://lae.mit.edu/fueling-the-future-of-flicht/
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In this study, biojet production
technologies are categorized according
to the types of derivatives from the
The

into one

primary refinery process. raw

materials will be converted
type of derivatives before being
converted into biojet. Currently the
available production technologies are
Gas to Jet (GJT), Alcohol to Jet (ATJ), Oil
to Jet (OTJ) and Sugar to Jet (SJT).
Accordingly, each technology uses
different process,
Tropsch (F-T) Synthesis and Hydro-
processing used in GJT; Hydroprocessed
Fatty Acids (HEFA),

Hydroprocessed Renewable Jet (HRJ) or Bio-

for example; Fisher-

Esters and
SPK (Synthetic Paraffinic Kerosene) used in
OTJ. Summary of the Biojet production
technology  overview, intermediate
derivatives and the final prices of biojet

are shown in Table 2.

ICAO has certified six biofuel production
technologies that can be used in aircrafts,
as shown in Table 3.
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Table 2 Biojet production technologies

Intermediate

Jet Fuel Yield

Final jet fuel

Category Pathways Feedstocks Intermediate Yield cost
GGE/BDT gal/BDT | GGE/BDT | ($/gal) [($/GGE)]
Fischer Tropsch . Syngas to
Gas to Jet Coal, Coal and Biomass, Corn Stover, Wood 44-111 9-88 9-89 $6.2 ($5.8)
— Hydrocarbons
Gas Fermentation Wood, Yard, Vegetative, and Household Waste Syngas to Ethanol 66-77 44-52 45-53 Not Available
Ethanol to Jet Corn, Corn Stover, Wood, Straw, Sugarcane, $4.1-514.4 (53.8-
. Ethanol 16-106 11-79 11-81
Switchgrass $13.4)
Alcohol to
Butanol to Jet ) N-Butanol, iso- 23-43, 41- 24-43, $4.1-57.5 ($3.8-
Jet (ATJ) Corn, Corn Stover, Wheat Straw, Wood, Wood chips 31-57, 55
Butanol a8 42-49 $7.0)
Methanol to Jet Corn, Corn Stover, Wheat Straw, Wood, Wood chips Methanol n/a n/a n/a Not Available
Hydroprocessed esters and fatty acids (HEFA) or Soybean, Algae, Pongamia, Palm Seed, Rapeseed, $2.6-534.7 (52.4-
Hydro processed Renewable Jet (HRJ) or Bio-SPK | Jatropha Seed, Camelina Seed, Salicornia, Cooking Bio Oil 50-141 28-87 28-98 $32.0)
(synthetic paraffinic kerosene) Oil
Oil to Jet ; ; * Algae Biomass, Soybean Jatropha Seed, Tung Seed, $4.8 ($3.3-$4.5)
Catalytic Hydrothermolysis (CH) € Yy p g Bio Oil 50-102 8122 9-129
Dairy Waste
Hydrotreated Depolymerized Cellulosic Jet Corn Stover, Wood o $3.9
) Pyrolysis Oil 50-153 19 19
(Pyrolysis or HDCJ) *
Catalytic Conversion of Sugars APR * Corn Stover, Wood Hydrocarbons 45-78 14-25 15-25 Not Available
Sugar to Catalytic Conversion of Sugars HMF and DMF * Fructose (to HMF and DMF) DMF and HMF 75-90 52-62 53-64 Not Available
Jet Direct Sugar Biological to Hydrocarbon (DSHC) Corn Stover, Sugarcane, wood, Wheat Straw Fatty Acids and 5 243 o $4.3-$17.3 ($4.0-
Farnesene $23.3)
e * (unszuaunsuasimaluladnisamdoindsdanmen meuigaluldsun1ssusesan ICAO
GGE = gallon of gasoline equivalent, BDT = biomass dry ton
147 : Wei-Cheng Wang tazaads, 2559
f‘:* wnInednuasAdes 9

<

KASETSART UNIVERSITY




TasensAnwILLININTALES U NATINMeIN 1AL UB 9898 Y

The Study of Sustainable Biojet Promotion plan for Thailand

5’72/0’7%@?7]&0’7%5“’1/5“/1/?%75

Executive Summary

A15197 3 WAlulagn1SNANYBINATININBINIABIUN ICAO SUSBY

Table 3 Biojet production technologies approved by ICAO

Blending ratio
Annex Conversion Process Abbreviation | Possible Feedstock
by Volume
1 Fischer-Tropsch FT-SPK Coal, natural gas, 50%
hydroprocessed synthesized biomass
paraffinic kerosene
2 Synthesized paraffinic HEFA-SPK Vegetable oils and 50%
kerosene produced from fats, animal fats,
hydroprocessed esters and recycled oils
fatty acids
3 Synthesized isoparaffins HFS-SIP Biomass used for 10%
produced from sugar production
hydroprocessed fermented
sugars
a4 Synthesized kerosene with FT-SPK/A Coal, natural gas, 50%
aromatics derived by biomass
alkylation of light aromatics
from nonpetroleum sources
5 Alcohol-to-jet synthetic ATJ-SPK Biomass used for 30%
paraffinic kerosene starch and sugar
production and
cellulosic biomass for
isobutanol production
Annex | Co-Processing Fats, oils, and 5%
greases (FOQ)
from petroleum
refining

707 - ICAO GFAAF, 2561
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ICAO IFanviannsnisiiieannisuassing
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YaeLaznIsannwa1suaulneenlendinsun1stu
seINUTENA 139 Carbon Offsetting and

Reduction Scheme for
(CORSIA)

»

International

Aviation

3. Global and local policies to promote
the use of Biojet
3.1 Overview of the international policies to
promote the use of biojet

ICAO has

reduce greenhouse gas

established measures to
emissions  from
international air transportation, called the
Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA), which has the
implementation divided into 3 Phases; the

pilot phase (2021 to 2023) and the first
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Sudowiiadaslefivsdniulusvesiiaes

Usenesneg fadasladisaunaln CORSIA Ay
ICAO Azdosfiuleunaiioannisuassfuideunsyan
AINULUINIUDY ICAO  LazAzABITIBIUUINIUNNT
Uaoy CO, 191 ICAO mudanuun e ICAO i
LuIMaiien1sanni1sUaes fngaisueulaeanles
(139n71 "Basket of Measures") 4 1195115 loA

1) n1sldmalulagindesduuuulng (Aircraft
Technology) Taensiauadesdufiiuszavsnmn
msslviueaeiasusias uazuaesmsuetlneentusion

2) n15UTudseuszdntainnisuuiau
(Operational Improvements / Airports) L% N9
USuU§an159nn159513 511901014 1Ay ICAO
Igiauurunsisenseiniaiilan (The Global
Air Navigation Plan :GANP) uagnnsifissesussuy
N15UU Aviation System Block Upgrades :ASBUs)
Lidusuimiedmsunisusudgeussansainnis
UURulviuaindn

3) n1sldideindanyuiiou (Sustainable
Aviation Fuels) Tpennsléidemamnadendiinu
nszUIuNsHAn/alulad ICAO Tinnssuses

4) 1Nn5n190aA (Market-Based Measures -

MBM)  Wunisvaweaisusulaeanladaianisye

phase (2024 to 2026) will apply to countries
that are willing to join. The second phase
(2027 to 2035) ) will apply to all countries
with a proportion of international flights in
2018 more than 0.5 percent of the total
transport volume, calculated as Revenue-
Tonne-Kilometers (RTK). Or the countries
with accumulated RTK ratios from highest to
lowest accounted for 90 percent of all
RTKs, except Least developed country
(LDQO), of the
developing States (SIDS) and landlocked
developing Countries: LLDC) unless they are

countries Small Island

willing to participate in the second phase.

Countries that voluntarily join the
CORSIA mechanism with ICAO must have a
policy to reduce greenhouse gas emissions in
accordance with the ICAO guidelines and
must report the amount of CO, emissions to
ICAO as required. The ICAO has guidelines for
reducing carbon dioxide emissions (known as
"Basket of Measures"). These four measures
are:

(1) Use of new aircraft technology by
developing aircraft engines with high
combustion efficiency and low carbon
dioxide emissions

(2) Operational Improvements / Airports,
such as improvements in air traffic
management, with the ICAO developing
the Global Air Navigation Plan (GANP) and
aviation system enhancement Block
Upgrades: ASBUs) as a guideline for
improving operational efficiency for member
states

(3) Use of Sustainable Aviation Fuels as

alternative fuels that have been produced

(5‘5 WAINEABNUASAART
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ANSUBUlUNaINAIS UL

32 ylgurenisdaasunisididenasdanin
andeululszindlne
Usenalnetdnsiunduaundnuuvadastaly
11M3M15 CORSIA w03 ICAO vilwansnisOudia
EunaduseninsUssmananuadoudnIIsnsnng
fana taegdrdnaunistunaseunislseinalne
(ANN.) %Gjmﬁu%gaﬁguwﬂ w.A. 2562 Lileld
UszLlun15Uaeuine3ounszanyeIn1AnIsoU
sEueUsTIvALazasdesuTnsTAen1sUdes
Areideunszandausd 2564 Huduld vl nwm,
l9ids Thailand: Action Plan on CO, Emissions
Reduction Activities 1Ufs ICAO wdileiiou
fuene 2556 wazinsuiuugedeyaln ieifeu
N wNIAN 2561 ﬁm'ﬁzqmmmiamﬁ”w
arfuaulneenladsiuiiazdesiinisiauinay
adunirsinnnysziiiuna (MRV) wan1santiu
1PTNT0E19BLTBIUITNBUMIE 5 11RTANT B9
T Fomdsmadeniiunidusnsnisiiazaaean
AsnsUdes CO, Tivnauslunnunulagn s
Wonasdanan maﬂ’muwﬁmwéamuﬁaﬂﬁuﬂ
fvdey CO, @1 uarn1sdnvinunsgiu/defmun
dmfunisldidenaaniaiden wazn1saavin
wwsg/detmuadmsunmslfidemamaden

by manufacturing processes / technologies
certified by ICAO

(4) Market-Based Measures  (MBM):
carbon offset methods by purchasing

carbon in the carbon market

3.2 Thai policy to promote the use of
biojet

Thailand has become a voluntary
member of the ICAQO's CORSIA, requiring all
international flight routes to participate. The
Civil Aviation Authority of Thailand (CAAT)
started collecting data in 2019 to assess
of the

international flights and must begin

greenhouse gas emissions

to compensate for greenhouse gas
emissions from Year 2021 onwards. In this
regard, CAAT submitted “Thailand: Action
Plan on CO, Emissions Reduction Activities”
to ICAO in September 2013 and updated
the document in May 2018, where carbon
dioxide reduction measures have been
identified, including the development and
monitoring (MRV) plan. The submitted action
plan consists of 5 measures. The use of
alternative fuels / biofuels is one of the
proposed measures to help reduce the CO,
emissions with the development of other
alternative fuels with low CO, emissions and
the establishment of standards /
specifications for the use of alternative

fuels.
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4. A15As1zRIngAUTunISHENLYBINES
anamanaAguNIzaNgITuUsTINA
ny

ICAO & EnnguingAudmniunisndadomas
Fanmerniaenly 3 ndu Ao nduianauazuds
(Sugar/Starch  Feedstock) 19U 908 Jud1Ugnas
YN ﬂejuﬁwﬁu (Ol Feedstock)
druynade ditulduda lodnd uagnguid
diudsgnauvesdnluiwaglaa (Lignocellulosic
Feedstock) LU 31378 wazTanmasldnianisinums
TneTanpunsasaiinaziinuaudireiuiiunneiuly
ulilorunsEUIUNIHARLE 9z AR A AT R
dormunvesiniuemeagu dmiuingavlulssne
Tnefiannsaiunadndudemasdanmeneeuls
Usenoudg ngutenauazuls 1wy Soe fudiuzmds
nguusfy Wy Undaninfu, sendin, Uiduiniy,
fanides, MunzTy wavddas LLazﬂfjmﬁﬁdauﬂizﬂau
‘Ua\iaﬂiuwiaqiaa (Lignocellulosic ~ Feedstock) — Lu
Fana uaztanudsldnisnmsnens 1Wudu

nuunlduUsuianisuanauasnnsidiimg
Fowdsenasululsemelne Adgnsinisaula
Ussanudesay 4.15 Ynanmansaldsinanmsuaniag
nslddsTuernaeudud Y W, 2560 2ud
Uwa. 2579 Wevuinaingauiidesmslunsnan
FomnasdnmennaguLilenaunu e AEY
ynleadafielinmsudesfeasueulasenles i
A181989 (Aaded w.A. 2562 - 2563) TngU3uia
ansvaulaeonleaiiinainnisinludindudomas
91N1ABIULYINAY 3.16 nSumsusulaeanlyn/
Alanfudownas iethusunauuiliunissming
dsudemasonniaeuluusemannfunUsi
n1sUassasuaulaeanlaalul w.a. 2562- 2563
srldAnadsUsunumsUassieaniusulneanlend
WuaArgedaveausynalne Tnedla1ussana 19.78
Arudu lunisAne dldAndndiunisan
msuaulpoanladanmsldidamamadendear 60
Y03UsuIuAS U UTIFBIn1TanRInLA AILNIS

ERICRAN

4. Raw materials for biojet production
in Thailand

ICAO has specified the three groups of
raw materials for biojet production, such as
(1) sugarcane, cassava, stevia, (2) plants that
can be used to produce oil, reused oil,
waxes and (3) biomass and agricultural
waste. Although each type of raw material
but

after the production process, the properties

will have different initial properties,

have to meet requirements of jet fuel. Raw
materials in Thailand that can be used to
produce biojet include sugar and starch
such as sugarcane, cassava, oil such as palm
soybean, sunflower and

oil, coconut,

peanuts and Lignocellulosic Feedstock
such as biomass and agricultural waste.

The trend of production and use of jet fuel
in Thailand which has a growth rate of
approximately 4.15 percent is used for the
forecast of production and use of jet fuel
from 2021 to 2036

amount of raw materials needed

in order to find the
in the
production of biojet to replace jet fuel
produced from fossil fuels so that carbon
dioxide emissions do not exceed the
reference value (average from 2019 — 2020).
The amount of carbon dioxide from
combustion of jet fuel is 3.16 grams of
carbon dioxide / kg of fuel. Using the trend
of jet fuel sold in Thailand to calculate the
carbon dioxide emission from the year
2020-2021,

emission

the average carbon dioxide
is approximately 19.78 million
tons. In this study, the carbon dioxide
reduction from alternative fuels is 60
needed,

percent of the total carbon
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AANSNYRY ICAO  TulaunNsSnwIsERUNNSUaRY
co, Iﬁagﬂuizﬁmauﬁgﬂuﬁiﬂ 2563 (carbon neutral
gowth from 2020) IeeingAviiaviinuninsesi
I¥un Unduninsfu oo SudUsnds uazaes A
mméfaqmsi’mqﬁuLﬁamaml,%al,waa%amwmmﬁmu
USnaunandnssninama (ntermediate)  uaziuil
wazﬂqﬂﬁ%ﬁﬁmmﬂuwias% Falud w.a. 2579
UssmAlneiimudaansnanansenitamaiiond e
B omasTnmenneTuaLnnsAIanisaldnedy Ae
dsfulnduiv 37,500 &uAlanda ovuea 36,000
AUAR LagiwduAsent 28,000 a1UanT é’qgﬂﬁ 4

40,000.00

ICAO forecasts for

neutral growth from 2020. Palm oil,

according to carbon

sugarcane, cassava and waste were
considered in the calculation of raw
material demand for biofuel production,
intermediate product and plantation area
needed each year. In which the 2036,
Thailand needs

intermediate for the production of

raw materials and
biojet in the projections above: 375
million kilograms of palm oil, 36,000 million
liters of ethanol and 28,000 million liters of

synthetic gas, as shown in Figure 4.

u hdfuundudu (FwAlan3a) / Crude Plam Oil (Million kilogram)

W ovuea (§1u8a3) / Ethanol (Million liter)

35,000.00

m fedaasieid (§1u8as) / Syngas (Million liter)

30,000.00

25,000.00

20,000.00

15,000.00

10,000.00

5,000.00

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

Year

UM 4 US1nauAnufein1suannasendname (Intermediate) dmiundnaindsdaninainiAgiu

Figure 4 Intermediate demand for biojet production
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q

5. Suitable technologies for biojet

production in Thailand

While taking the technology for
producing biojet into consideration for the
suitability in terms of raw materials,
availability of production technologies in
Thailand including production possibilities,
as well as opinions from stakeholders, we
have evaluated appropriateness or
readiness of the technology by classifying
the raw materials consisting of starch and
sugar crops (such as sugarcane, cassava,

rice, corn), various oil crops (such as palm,

”ﬁ‘ﬁ jatropha, soybean) and biomass (such as
agricultural  waste) with the following
scoring criteria:

AU Na9iAN Anuniauldauvesingiu AYUENTOVDY #01UAINNNT
Rating niouvaq Readiness of raw materials walulaglulsznelu NanUI509
walulad nsudszURaaiua (Bnssiat)
Readiness (@rurnudnsunsiduau Pilot plant
of Faued 2540-2562) production
technology Domestic production capability
capability (liter per
(number of related day)
patents from 1997 to
2019)
A Y oy laanansaldanulaviuiinesinu <5 <20
Low %umaummﬂaﬁmqﬁuﬁ%’u%u
nautunlgiumalulad
Cannot be used immediately,
have to go through the complex
raw material conversion process
before applying to technology
@A dwnan | dewwdasingiudu Intermediate 5-15 21-100
Medium nsuthulgiumalulad
Need to convert raw materials
to intermediate before use with
technology
G# Nﬂ"l]ﬂﬂﬂﬁﬂllﬂﬂﬁl‘iﬁ"lﬂﬂli 15

<y
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AU nauTAY AnunTouldauvasingiu AUHINTAVDY #07UNNNNS
Rating niouvag Readiness of raw materials walulagluusznelu NanUIT0Y
walulad nsudsgURasiual (Bnsiatu)
Readiness (Fundnsunsiidudu | Pilot plant
of Faued 2540-2562) production
technology Domestic production capability
capability (liter per
(number of related day)
patents from 1997 to
2019)
Yo Yoo 1N aunsenanldlaumaluladisiog 15-30 100-500
High ufe19RBINaIsaANNSaulung
YudIaz ANy
Can be used with existing
technology, but may need to
consider the readiness of
transportation and storage
AAAK | awndian | awnsahanldldfumealuladiidor >30 >500
Highest Ui
Can be used with existing
technology

NANTS AL UUAIUITAINAIRUALANN L EL
Y2uNALULAENITNARLYDINAITIN WD INFEY

ANUANPUAZ UL LARIT

The scoring results can be ranked the

suitability of biojet production technology

according to the following scores:

adiudi/Rank walulad/Technology AZLLUU/Score
1 Oil to Jet: OTJ 14
2 Alcohol to Jet: ATJ 14
3 Sugar to Jet: STJ 11
a4 Gas to Jet: GTJ 10

LlJE]Wﬁ]’]'ﬁm’]ﬁ]’]ﬂNaﬂ WUUAULAL

ANUA

Based on above criteria, Alcohol to

wu1 walulad Alcohol to Jet uay

Ol to Jet anfumaluladinzuuugaan
agnlsAmuwalulad Oil to Jet Hanuuraulaunn
Viqm Iﬂammsaaqﬂmaﬁu?ﬁuLﬁaqmmmmmawé’ﬂ
3 98 Ao

Jet technology and QOil to Jet will be the
technologies with the highest score.
However, the Qil to Jet technology is the
most suitable for three main reasons, which

are:
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YhunanLeanesedld uianunwnsHaRThT ety
gelaiusnguudainUssinalneasinunsoulunis
sosfumaluladduiudely sizainnsdunival
fiisadoasiufeteoyanisidonazaundlyl
UsnguanunsAinyivsenisaisaludssinelng 8n
Madailussiduduiidesanndadediunisnidang g
UfAsenfuangan fAidesdiudinaannidfisme s1an
laigs uazlyimansnusilutSinaimnzauddiulng
s‘]’qagﬂu%’jumumﬁﬁa LAENINARN lUTRRaIINTTY
Funuuwihiiy

1nnsiasizimaluladnisnanidoinas
Fammenmagufinanudnediu aziulean

nsRasandndenmaluladfvmunzauiueg
furatedade uenannaunieuldanuvesingsu
Anuansavesnalulaglulszimalunisuyssy
NAANEUT LATEDIUAINNITHANLNTDILEY ANEAIN
vosingviifogluuszimafiifudntadoddnyiides
UNUINANTUITINAY

devuunldumudeanisinsiudemasennie
PIUNIATIZNNUSUIUANUADINITHANANTEIING
N4 (Intermediate) 21NERTINSAULAVBINITHER
warnsldtntuenieeulusuil 4 findnluuds an
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(1) the existence of biomass as raw
materials that are not yet fully utilized in
the country / benefit from indirect
eliminating the biomass

(2) readiness for intermediate
processing of domestic industry, including
the presence of prominent domestic
pilot production, such as the Center for
Fuels and Energy from Biomass of the
Faculty of Science at Chulalongkorn
University, Khon Kaen University etc

(3) the tendency to produce more
than 90% of commercial biojet in foreign
countries produced by Oil to Jet technology

As for the Alcohol to Jet technology
with the same score, although, Thailand has
raw materials that can be used to produce
alcohol but the pilot production status is
unclear whether Thailand will be ready to
support this technology or not. According
to the

including research and development

interviews with relevant parties
information, no studies or demonstrations
have been made in Thailand. There are
also issues of finding a suitable catalyst,
that must be sufficient and cheap, and can
be able to provide a good production yield,
most of which are still in the research
process and in the prototype industry only.

From analysis of biojet production
technology mentioned above, it can be
seen that the selection of suitable
technology depends on many factors. Aside
from availability of raw materials, ability of
domestic processing technology and pilot
production status, the potential of raw
materials in the country is another

important factor that must be taken into

(5‘5 WAINEABNUASAART
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331/1%&%'1@&61'awﬁmqmdwﬂ‘%mmﬁmmw%wémléf
Taelud . 2571 thsulduiuuayinsdaasievid
ARINRTkan skl e anananI ANy
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levueasInnIntmanazsiudUynds fuualilll
Wivanolud w.e. 2574 faguil 5 Beguil 7 mudndu
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10° kg
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consideration.

When taking the trend of biojet
demand to analyze quantity of the
intermediate from growth rate of
the production and use of biojet in Figure
4 in comparison with trends of production
quantity, it is found that the demand for
products in each route is higher than the
quantity expected to be produced. In 2028,
crude palm oil and synthetic gas expected
to be produced are likely not enough to
meet demand for biojet as for ethanol
production from molasses and cassava is
not enough in the year 2031 as shown in
Figure 5 to Figure 7 respectively. However, the
demand for the intermediate is calculated
for only biojet production, not include

demand for other activities in the country.

CPO

I Demand —p=Expected production

35,000.00
30,000.00
25,000.00
20,000.00
15,000.00

10,000.00 ®

5,000.00 I I I
- -mB

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

JUN 5 nMsaransallinaranansEndneme Uduiduiu) Annadnandnla

Figure 5 Expected intermediate production forecasting (Crude Palm Oil: CPO)

71107 : Ussiduanmuaden aiiuiuvesiiuiignurauiiunsgmsmansursuhaluas il 20 U

Source: Estimated from the average of palm oil planted area increasing follow as the 20 years palm oil strategy plan
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Figure 6 Expected intermediate production forecasting (Syngas).
7 - Ussiliuananaden siiuduyesituitugndoem sy AEDP2015

Source: Estimated from the average of sugarcane planted area increasing follow as AEDP2015 plan

106 Liter Ethanol
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Demand
35,000.00 -

—ua=Expected production from molass and cassava
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25,000.00
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- _—mB

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

SUT 7 M135A1aN1RIUSHNANANENTENI19N19 (18N1Uea) NIANAd1azHEnld

Figure 7 Expected intermediate production forecasting (Ethanol)
7 - Ussiliuananaden siuduresituitugnsiusevdin s AEDP2015
Source: Estimated from the average of cassava planted area increasing follow as AEDP2015 plan
s YSinaimuReIIsHaNaR T I TunsE i mum s amEaTan e me iy galisaunaidesnislilufonssudug ves
Useineg

Note: All of intermediate production demand calculated for biojet production only. Does not include demand for other activities in the country.
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6. Economic analysis for
commercial biojet production

The study and analysis of economic of
commercial biojet production by considering
both the appropriate technology and raw
materials focus on the value of the biojet
investment project based on the current
biojet price, and adjust the price to meet
future demands by calculating the rate of
return that occurred and the appropriate
level of the project using the situation

analysis as follows:

s1Adamasened S1ANANSUDY sendamas
g1u Jet Al Carbon price I wenAeU
Aircraft fuel price (0.60 USD/an%) Biojet fuel price
Jet Al (USD/&ns)
(USD/ans)
anunsaifiugiu 0.78 - 0.78
Base case
dnrun1salsnaniudulusvezdy 0.60 1.38
munaln CORSIA (W.7.2563 - 2569)
Short-term price increases according
to CORSIA (2020 - 2026)
gounsalsaiiatulusyeven anu 0.60 1.98
naln CORSIA (w.7.2570 - 2579)
Long-term price increase according
to CORSIA (2027-2036)

WG TIIATIMIAITUBNNINSATINIE Carbon Tax ifueghnsIAe 0.60 USD

Note: constant Carbon Tax at 0.60 USD/liter
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Results of a feasibility analysis
of biojet production found that the
production from sugarcane and cassava will
be more likely than palm oil and ethanol
at the price level of 0.78 USD/ liter (about
24.96 Baht/liter) as the price of biojet which
is not yet possible to invest in the current
situation.

When biojet prices increase by adding
Carbon Tax of 0.60 USD/liter with the price
of biojet to 1.38 USD/liter (44.16 baht
per liter), the production of biojet using
sugarcane as raw materials will yield 4.67%
(% profit), the current net worth of 685.24
million USD.
10.38% at a payback period of 7.66 years,

Internal rate of return of

while production using palm oil and
cassava as raw materials, there is still no
possibility to invest.

And when the price increases in the
long term the price of biojet is USD
1.98/liter (63.36 Baht/liter). The production
of biojet using sugarcane as raw material,
will give 43.18% return, with a net present
value of 7,800.04 million USD. Internal rate
of return of 29.10% at a 4.40 year payback
period. While production using cassava will
yield 32.96% with the net present value of
6,514.82 million USD. Internal rate of return
is 31.24% at the 4.17 year payback period,
but palm oil with price constraints and
need to use a large quantity makes the
possibility of producing biojet from this
material having a negative return rate, as

shown in Table 4.
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Table 4 the results of economic analysis

yarrdagtu AT | szEsIAn
qvs e | HEMBUWNY Aunu @)
Scenario Technology Net Present %) Rate of Payback
Value (NPV) Return Period
(Million USD) (% Profit) | (Year)
nsflanunsalitugiu | HEFA -20,683.39 -67.17%
Base case Ethanol production sugarcane -9,052.95 -47.95%
0.78 USD/Liter Ethanol production from cassava | -10,338.16 -50.56%
nsdlaanunisalszardu | HEFA -12,25691 | N/A | -39.64% N/A
Short-term case Ethanol production sugarcane -626.45 -2.39%
1.38 USD/Liter Ethanol production from cassava -1,911.67 -8.80%
nstlanunsalszezen | HEFA -3,830.41 -12.10%
Long-term case Ethanol production sugarcane 7,800.04 29.10 43.18% 4.4
1.98 USD/Liter Ethanol production from cassava 6,514.82 31.24 32.96% 4.17

waziilodinualilasnisasmulaiudng
wanouununely 12.50% 1Wuiasi wagiinge
Tnouustusandomndadanin agldsaiuandg
mausazUsznresingiu nesnademdedinin
a1meeulu 2,325 wsegansy/ans (74.40 uv
sodns) oldurdudiiuduinghv uazaslv
HanaUWIU 3.73% yam1dagiugnsidu 1,014.82
duSeyanisy szezanfunu 6.84 T

s1Andeinasdinineaniagruidu 1.409
WSHEanss/ans (45.088 Umeiadns) NINlAINIg
Ldonviinisudnlaelddeostduingdu
lalinanauuwnuy 6.99% uwazyar1dagduans
Wy 1,09252 duwdoganign Aisseznafumy
6.83 1

wazsIAItamasianmeniaenwu 1594
WsHEanss/ans (51.008 vmsiadns) NnlAINIg
denvinisudnlagldiudzuauduingiv gl
HARBUWNY 6.09% uwazyar1dagquugniilu
1,093.78 SrumiSenyanig fszeznamuu 6.83 1

NNANITIATISHIAU NUINISITD ety

And when specifying that the
investment project receives a fixed internal
rate of return of 12.50% and analyzed by
varying biofuel prices will result in different
prices according to each type of raw
materials. The price of biojet is 2.325
USD/liter (74.40 Baht/liter) when using palm
oil as raw materials with a 3.73% return
with a net present value of 1,014.82 million
USD at a payback period of 6.84 years.

The price of biojet is 1.409 USD/liter
(45.088 Baht/liter) when using sugarcane as
raw material with a return of 6.99% and a
net present value of 1,092.52 million USD
at a payback period of 6.83 years.

And the price of biojet to 1.594
USD/liter (51.008 Baht/liter) when using
cassava as raw materials with a return of
6.09% and the net present value of
1,093.78 million USD at a payback period of
6.83 years.
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The analysis found that the use of
the
production of aircraft biofuels will get a
kinds

materials which is more attractive to the

sugarcane as raw materials for

lower price than other of raw
manufacturer since the profit margin is
higher while the payback period of the

project is similar.

g . | waArdagdugms -
EMGRISBINIGE] o WYTLIAAUY
- v - - Net Present 2R3
walulag Ry W @)
. Value NanauLNY
Technology Feedstock* Price . Payback
. (NPV) (% Profit) :
(USD/Liter) - Period (Year)
(Million USD)
HEFA Unaw/palm oil | 2325 1,014,817,843 3.73 6.84
Ethanol production | ,,
88/sugar cane 1.409 1,092,522,101 6.99 6.83
from sugar cane
Ethanol production |  dugdUznay/
1.594 1,093,774,639 6.09 6.83
from cassava CassSava

g *AnaIniIuadumaluladiisinige

Note: *Calculated from the lowest technology investment

7. AISAN®I AATIZHAAIUAIN VBINNAIUNIS
NAMLAZNIS LU UL DNAITININDINABY

NSANYT AATIEREIUNIN TaINNALUAITELESY
nsl¥idemasianmennideny saudedsiidesnisle
Sgatfuayu fusnunlddaviilusuuuunsinses
swoT Fadwaiedielunisusyifiuanimuindeon
dmsunisdanisilanagns lae S=Strengths (3audl),
W=Weakness (3n8au), O=Opportunities (lonna)
uag T=Threats (19391110) wag TOWS Matrix lngdna
MR

NANISILATIER SWOT

Audngau
AU (Strengths :S) Ussimnelvailuuszina

a A A ° a & a P
nwRINssudnsUgnianusatundneLnasle
nanwYaa LU UNautintiu oae Tudiuznds iWuay

7. SWOT analysis on the production and
use of biojet

SWOT analysis on the promotion of
biojet includes the support needed from
the government. SWOT analysis is a tool
for evaluating the environment for
strategic management by S = Strengths, W
= Weakness, O = Opportunities and T =
Threats. (Restrictions) and TOWS Matrix
with analysis results as follows,:
SWOT analysis results
Raw materials

Strengths (S): Thailand is an agricultural
country, with many crops that can be
used to produce fuels such as palm oil,

sugarcane, cassava etc. and the labor cost
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is not very high.

Weakness (W): There is uncertainty
about the raw materials, both quantity
and price. Since it is an agricultural
product that depends on the weather
including the promotion of other energy
production.

Opportunities (O): Increasing demand
ICAO's CORSIA gives

farmers the option to sell raw materials.

for biojet from

Geographically, Thailand can grow energy
crops well.

Threats (T): Weather instability that
affects energy crops and the uncertainty
of the global market including trade
barriers causing fluctuations in prices and
quantities of raw materials.

Technology

Strengths (S): There was research on
biojet production with researchers and
personnel capable of producing biofuels.

Weakness W):Lack of integration
of information among governmental
departments and has not been yet
commercially expanded.

Opportunities (O): Thailand has many
biofuel manufacturers that can produce
biofuels and have production technology
approved by ICAO that can mix biofuels in
jet fuel up to 50 percent.

Threats (T): High raw material costs
lead to high aircraft biofuel prices. With
uncertainty in trade barriers and
technology, competition may be delayed
as it has to wait for approval from ICAQ.

Policy

Strengths (S): Thailand has a policy

to promote and support the use of

G‘Q WAINEABNUASAART
‘ KASETSART UNIVERSITY

24



TasensAnwILLININTALES U NATINMeIN 1AL UB 9898 Y

The Study of Sustainable Biojet Promotion plan for Thailand

5’72/0’7%@?7]&0’7%5“’1/5“/1/?%75

Executive Summary

159AIU
qngau (Weakness :W) 91An15ysansteya

SEUINMUINUNNEIT9 tazdalufivaunisdaasy
ASIEPRMAITIN I NEINFLIULALLR N

Tannd (Opportunities :0) Usginalnaidnsiu
119315 CORSIA lunguises Feanunsaiuiveny
nalgiun1stunglulsenele

493100 (Threats :T) dsfaulduiuoulunis
144175n15 CORSIA ¥4 ICAO TMadumeY NSEUIUMS
Lazunaslne $905IN5TALYIAISUBUAIENTST B
m’%‘Uauﬁi’lﬁ’]gﬂﬂ’j’lﬂ’lﬂ“fﬂ%@Lwaﬂ%’m’lw VRINGRE
msOuiinunldufiesdeasusuannniinisldidemnas
B

NAN153LASIZA TOWS Matrix

nagnsLBen (SO)

Audngiu deaSunaginunaieiugiandany
fimununsdadu 3Fnsmzugn meifiuifsauay
Shwiwndsnuy swdsduaSuwasinuignavnssy
NYATFMTUNYNEGY

Frumalulad Wawyeainsilesesiunisuan
HomdsTanmenimey  Wanuazaieuiansau
fussufiznieriuussansnmninan

Fruuleune vssglmnemsldidomadanin
91n1AgULULEY AEDP

nagnsigaufily (WO)

Frufngau fafinatnnansdorefivndsany
gt wardaknmenssunisigndauiioniy
wazauan1sinzUgnuaznsidNyndeau (Avua
dadrunisugnuarfudeliaenadesiuguasduas
guNIU)

aumalulad
NuITedmsnandanndlyd USuugeanseuiunisudn
Galanunsondadomasdinineornaeuls Taglsl

IARINUILINUNANINNONANFU

Rodaauaselvdviavun

biofuels and has dedicated funds to
promote energy conservation in support
and promotion according to urgent
policies and strategies.

Weakness (W): Lack of integration
of information among relevant
departments. There is no specific plan
to promote the use of biojet.

Opportunities (O): Thailand joined
the CORSIA pilot program which can be
extended to use in domestic flights.

Threats (T): There is still uncertainty
about ICAO's CORSIA measures, procedures
and penalties, including carbon offset.
Buying carbon credit is currently cheaper
than using biofuels, making airlines more
likely to buy.

TOWS Matrix Analysis Results

Proactive strategy (SO)

Raw materials: promotion and
development of energy crop species,
sustainable agriculture development,
cultivation methods, harvesting and

preserving energy crops including
promoting and developing agro-industry
for energy crops

Technology: human resource
development to support the production
of biojet, develop and create innovative
catalysts to increase production efficiency.

Policy: put the target of the
use of biojet into the AEDP plan.

Strategic Solutions (WO)

Raw materials: establish a central
market for energy crops futures trading
and establish an energy crop committee
to oversee and supervise the cultivation

and use of energy crops (specify the
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proportion of planting and buying in
accordance with the demand and supply)

Technology: establish a central
unit to drive research to commercial
production, and improve original production
process to be able to produce biojet
without having the whole new investment

Policy: plan and set goals for the
long-term development and production
of biojet

Preventive strategy (ST)

Raw materials: develop other types
of biofuels that can use the same raw
materials and promote the use of biofuels
in other industries

Policy: promote the use of biojet in
both domestic and international flights

Reactive strategy (WT)

Raw materials: promote the production
of biojet from surplus raw materials from
other activities and promote the use of
biofuels specifically for groups or for
publicity

Technology: prepare the infrastructure
to be a distributor, not a manufacturer.

Policy: establish an information
integration unit among related departments
in order to analyze and plan accordingly

From the SWOT and TOWS MATRIX
analysis, we can summarize both external
internal restrictions,

and and policies,

regulations, tax measures that the
government should support to enable the
industry and related sectors to support
the production and use of biojet in each
area as follows:

Restrictions on raw materials, such

as quantities that may not be enough
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with uncertain prices, the cost of raw
materials that is still high, including the
climate that affects the production of raw
materials

Restriction on technology, such as
domestic technologies have not been
extended to commercial use, private
companies tend to buy technology
from foreign countries more than the
joint development of technology in
the country

Restriction on Policy, such as
unclearness in the CORSIA measures from
ICAO and Thailand do not have a policy
to promote the use of biojet including the
airline competition according to tourism
promotion measures

Needed

government: The survey found that

support from the

jet fuel users will turn to use biofuels
when prices are close to general jet
fuel. As jet fuel manufacturers will

produce biofuels when there is

enough demand worth investment.
Therefore, if the government wants to
promote and support the production and
use of biofuels, the road map should be
created to set goals and driving directions
and to have responsible organizations for
driving towards the goal. While The
Energy Policy and Planning Office (EPPO)
has prepared a master plan for the use of
biojet but has not been yet integrated
among related departments causing no
implementation of such master plan
including that the price of biojet is still
airlines

very high not attractive for

operators
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(AEDP2015) Ao Syozdu-szevnans (U w.a. 2563 —
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[

ANTIUNFBIALTUNTAIL

development plan

Preparation of biojet

The plan to promote the commercial

Tnedl

use of biojet is divided into 2 phases
according to the phases of the ICAO’s
CORSIA program together with the
renewable and alternative energy plan
(AEDP2015), which is short-medium term
(2020 - 2026) and long-term (2027 - 2036)

with the following activities:

wRun RNt UAYUNIT LY
Wowndsdanwenniaeuluds
Wl
Promotion plan for the use of
biojet

AaNssy
Activities

v v
RLNEIVBY
Responsible

organizations

svevdu-svernans
@ w./.2563 — 2569)
duasunmsldnudhiudomas
FININBINTFLIY LAZWRIU

F9ANUTALIUANNNINTNIT CORSIA UD9 ICAO
LLE“IS‘LIW‘IJ?%LV]WiL“zJ’WL‘T]UEhu%ﬁQ%EN ICAO way

URAINT CORSIA Kt
Short-term to medium term Waiting for clarity from ICAO's CORSIA measures Al
2020 - 2026): Promoting the use | and put Thailand be part of ICAO’s CORSIA
of biojet And personnel
development
svbzenn (@ We. 2570 - 2579) | wmsmssumslunsidmitudemadanm
duaSunmsndnaznsldidy | enAenu AL/,
\FounAsTanmenmiey Tax measures on imports of biojet MoT/Moc
Long-term (2027 - 2036): .
Promoting the production and ;J;wmmié’mm@ (aundu) Auaen1stunlditu
use of biojet WWOIWAITINNEIN A NaL/PA.
Tax measures (airports) with airlines using MoT/MoC
biojet
NMSANYINNTIVBINANTENURRUSEWAlNgluns
T shudomastinwenniaenu W, AV,
An overview study of the impact on Thailand MoEN, CAAT

on the use of biojet
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wRUN A BERATUAYUN Sy
Wamdednmeanaeluds
WRYE
Promotion plan for the use of
biojet

naNIsY
Activities

v v
QITRTDR
Responsible

organizations

sv8%817 (U w.A. 2570 - 2579)
duasunsHanLaznsldiiy
\Womashamerneey
Long-term (2027 - 2036):
Promoting the production and

use of biojet

Prepare for the infrastructure related to the CAAT, MoD,
use of biofuels. related
contractors
THUHUNITANUY VTOIANTBLNGTININBINA
81U YNNUIBU
Investment plan and procurement plan for All
biojet.
NsALNIYARINTTETBISUNSHARLaN1STEUY g
¥ o X oo NNNUILN
UIHULYDNAITINTNDINFLIY 3.
LNEIVDY
Human resource development to support the All
production and use of biojet
NsnIENANUNSaNAUIngAULasIAlUlaE RN
Preparation of raw materials and technology Investors
1IMTN1IPUNBluNINERLa: M LEUNTuELINES
FININDINAELU ARL/NEU/NU.
Tax measures for the production and use of MoT/MoC/MoEN
biojet.
1IMINITAUNBLUNTUINTLATIINTTUNITHER
_ _ , WEW./BN.
Tax measures for importing production
) MoC/Mol
equipment
WmINsIUNBuNsUniIngRvdmTunde
UUBWEITININEIN AU naL/on./nv.
Tax measures for importing raw materials for MoC/Mol/MoA

the production of biojet

Note: MoEN=Ministry of Energy, Mol=Ministry of Indristry, MoC=Ministry of Commerce, MoA= Ministry of Agriculture and

Cooperatives, MoT= Ministry of Transportation, MoD= Ministry of Defense, MHESI= Ministry of Higher Education, Sciences

and Innovation, MoN= Ministry of Natural Resources and Environment, Moln= Ministry of Interior, LGO= Local government
organization, AoT= Airport Authority of Thailand, CAAT=Civil Aviation Authority of Thailand, DEDE=Department of
Alternative Energy Development and Efficiency, DoA= Department Of Agriculture
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relevant sectors by dividing into 3
important dimensions including raw
materials, technology, and the promotion
policy. In this action plan, there are details
of activities to be implemented in each
dimension. By using the SWOT analysis
results to put forward the strengths,
reduce the weaknesses, increase the
opportunities, and manage the threats
from both external and internal factors
with indicators of success including the
budget that is expected to be used for
the operations as well as the responsible
organizations. Details of the action plan

are shown in Table 5.
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Table 5 Sustainable biojet promotion and action plans

SELAU-Nag

TYTY
Y a
Short-medium terms Long term ﬁq%’gﬂ HIUNAYaU
AT FREfek (for year 20..) (for year 20..) Metric Responsible
organization
20|21 (22|23 |24 |25|26 (27|28 |29 |30|31|32|33|34|35]|36
1. fuIngAy/ Raw Materials
< p v ¥ o e a v z 29AUIZNOU UNUIM BIUNANRTNTLAZTTNITINAS
ﬂ’ﬁﬂﬂ‘l&ﬂﬂﬁ']llLUU‘LU‘léﬂ,‘Uﬂ’liﬁ]ﬂmﬂﬂm%ﬂiiuﬂ’ﬁﬂ’]ﬂULLa%ﬂﬂﬂWiWﬂ]WaNﬂu AT NNIANAINAINYDUNY X , o
. v oA o AULNITUNIT LLAEAATNVBVIYAINNUN
ANRUINTNAIY N ) N,
1.1 o . ) Components, roles, authorities, duties and
Feasibility Study for Establishment of Control and Management Committee for Energy Crops o ) DEDE
. procedures for establishing the committee
and for Establishment of Futures Market for Energy Crops
and the energy crops futures market
nsAnwINsIavilrudeiuimglgniendsny Msuimsianmsuagmsdnsguvuiion1simnzugnity R e y
o T udafgnd U FAPFIUNYWAINIU/NUYDINT WA, NY., UN.
NWAWNIUY
1.2 ) ) o Energy crop zoning, proportion of energy DEDE, MoA,
A Study on Energy Crop Zoning and Management & Establishment of Energy Crop Cultivation
- and food crops Moln
Communities
wuidmnenasimuaduiuiinigugniiy W, N, U9,
3 nsfnwaudululditasanumnganlunisdaaduisndsnuluiuiinuiuag wagiufideuann WANUY 9., V.
' Feasibility study of Energy Crop Cultivation Promotion in Security and Deteriorated Areas The target areas that will be designated DEDE, MoA,
promotion areas for energy crop cultivation | Mol, MoD, MoN
msmwaeiug Bnsmnzugnuasnisiiufediondsn eiunandnsals anduyu wnselsd
TAfununIns sawdamsiawaeiuddmiuiuideuan nrsenuisniie (Uan deauasiiv aneug MswnzUgnuazn1siiuifedimdsnu
4 Alera) PURNRRER AN, Y.
' Varieties development Methods of cultivation and harvesting of energy crops to increase Varieties, cultivation and harvesting of high- DoA, MoA
productivity per area, reduce costs, increase income for farmers Including varieties yield energy crops
development for deteriorated or wasteland areas (palm, sugarcane and cassava)
Y v < am < 4 a o - o . aneiiug nMswnzUanuagnisiiuifesiendsnu
ﬂ’ﬁWGlJ‘N’]ﬁWEJWH'D: ’JSﬂ’ﬁLW’]%UQﬂLLa%ﬂ’]iLﬂ‘ULﬂEJ’J‘WGU‘WGN”IUWNLa@ﬂ (ﬁ‘Uu(ﬂ’] #ANIY 184) ~ NA., NY., B1.
NN4LaBN
1.5 | Varieties development Methods of cultivation and harvesting of alternative energy crops o o . DoA, MoA,
' Varieties, cultivation and harvesting of
(jatropha, algae, etc.) _ MHESI
alternative energy crops
NFITEUALITRILIATEINT YUEUALALSE USRS B IUNTAITUANALANITHERTYNEINUATUINT 4 e . N, EUN., 9.
. . . bATDNINT UUYUALRZISUUDIIYS
1.6 | Machinery research and development of robots and intelligent systems to control the ) ) ] DEDE, DEP,
] ' Machinery, robots, and intelligent systems
production of integrated energy crops MHESI
NsAnYINISUAU duduuazativayunisAnuenveyandunie iieanAldiieuassununsuiluugs PW., NN, BUN.
Judemasdinim wIMNAINSUSAU daauuasatiuayy .
1.7 | A study of mandatory guidelines, promotion and support for the classification of waste from Mandatory guidelines, promotion and DEDE, City of
the source in order to reduce the costs and costs of producing biofuels support Bangkok, LGO,
Moln
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WYY
Yo a
Short-medium terms Long term ﬁ%%’ﬁ’ﬂ HIUHAYBY
GFE R (for year 20..) (for year 20..) Metric Responsible
organization
2021 (22|23|24|25|26 |27 (28|29 |30|31|32|33|34|35]|36
WNITUTITANWERIIN1NTNYAT AU
~  am o aaw . o NW., N., BUN.
NSANYIIBNTTIVTINTEAAGE [TVINITIABATLUUATUINRT ALTIVLNAINT AL
1.8 . o . . . DEDE, MoA,
Study of integrated agricultural waste collection methods Methods of collecting agricultural waste, GO
appropriate labor costs
AL NAILILATDITNTHAY ST UUDIRTYY ANNSUARLENVILLUUATUINAT R
) ) ] ) LASDIVNIARKLNVYY 7., NI,
1.9 | Research and development of integrated intelligent machines and systems for waste o ]
o Waste classification equipment MHESI, DEDE
classification
ANSILLATNAIUILASDITN WAL ST UUD IR Y ﬁm%’mﬁmammm%&qmﬁai‘i”mmmimwm d o aew
) i ) , ] Lﬂiaﬂ%ﬂi‘sw‘nmLﬂmaqmaﬂ‘umﬂmimwmi 7., NN,
1.10 | Research and development of intelligent machines and systems for collecting agricultural ] i )
Machinery for collecting agricultural waste MHESI, DEDE
waste
2. aruwmalulad / Technology
< N P SR . v o amre wialulaglifiduesdanuiiazdnsinsves
msAnwaziaualuladnsiandem@dinnmweinidounuuInd uaskdnaulilasunissusesan
Useine NN, 7.
2.1 ICAO ) .
) ] ] o New technologies and patents developed in DEDE, MHESI
Study and development of new aircraft biofuel production technology for the ICAO certification i
the Thailand
NMyIuasiadIsUisenTannmelulsewme liensuanwemasginimenieu dmsu
- wialuladNlaun195uT09970 ICAO 17 fussufisenfinanlulszmelne Wi, 92,
' Research and development of catalysts from domestic materials for biojet production from Catalysts produced in Thailand DEDE, MHESI
ICAO-certified technology
NMSNAUMENgNTBUTIAUIURNS WalnSeuaunSouyaanTd T uNINEABINGITIN M
,5 | ENMALY Tngldnsnansanubenuieglasunuideainnesue NaNgnIRUTILTUHURNNT ., 3.
' Workshop curriculum development to prepare personnel for the production of biojet using Workshop curriculum DEDE, MHESI
resources from organizations that have previously received research grants
. mom 4 __ o o X oo Iunypanstasulsenatedng
NTBUTHTIUUANITYABINTLNDTOITUN I THARALTBLNEITINTWOIN ALY o ) WN., B7.
24 " , o Number of participants who have received a
Personnel training to support the production of biojet n DEDE, MHESI
certificate
msfnwaridewaluladnisiaiiunasseuudndatemastinmeinidenu uaytadeiidmwansynune
- AN UAYDUTINGIMEINITWER wAlulagnsuiB AN aY NN, 97
' A research of storage technology and biojet delivery systems and factors affecting the Appropriate fuel storage technology DEDE, MHESI
properties of post-production fuels
MMTasNANUTBIUNS TN U aIA TN M IN AR UTIRAR LA LU SEIALEN SRR URULATDIEUR
» NG RN NANSNAADUNIS MINUNULAS D98 UADS P, N
' Confidence building for the use of locally produced biojet by testing with aircraft engines Test results of the actual engine DEDE, MoD
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WYY
Yo a
Short-medium terms Long term é‘f’a%”‘i’ﬂ HIUHAYBY
GFE R (for year 20..) (for year 20..) Metric Responsible
organization
2021 (22|23|24|25|26 |27 (28|29 |30|31|32|33|34|35]|36
. MsasANUTBIUNSIINUTBIA TN e IN AR UTRaR LA luUsEIAlgn1sInasTuase NAN1INAABUNISTITUAUATEITURS WN., N9,

. Confidence building for the use of locally produced biofuels by actual flight testing Test results of the actual aircraft DEDE, MoD

nsfinwazdaviuaunuiowssulassEsugIusesunsTmhewas NSl gamE N NN, VIO,
g | 2MAE HaNSANwIkaTLNUULURNS NN,

. Study and preparation of a work plan to prepare the infrastructure to support the sale and use Study results and action plans MoEN, AoT,
of biojet CAAT
nsinfAIetIENMIHERLaENIAZEUTBINATINMEINAEUTEAUN TN ALIYAL TusanBeliluy

,o | ATV AudnageUdiuTINM Wi, 92,
' The establishment of a fully integrated biojet production and testing network for Southeast Biofuel testing center DEDE, MHESI
Asia
210 nsUsgdiuininstinvesinghvusavetindmsunisudndomddinmoinmasululssme HANTENUVRLINgAULAAY YR U NE.
' Life cycle assessment of each type of raw material for domestic biojet production The effects of each type of raw materials MoEN, MoN
3. nuuleune / Policy
- . . v o doawe v s o o fnslaemdstinmenniseuluniiesu
ﬂ’]iﬁ’]ﬁﬁ]LLaguﬁiaﬂﬂ’Tﬂ‘ULsﬂaLW@W}’JJ’]’]W@’]ﬂ’]ﬁEﬂUWNﬁC‘]‘lﬂLENN’TLmu’]ENWUﬂ']ﬂig%i@‘ﬁuﬁEN’]‘L!EL‘L!ﬂWﬂ‘U o
NNAIY NU., NN.
3.1 | Demonstration and pilot use of self-produced biojet through government agencies or regulatory . . . )
. The use of aircraft biofuels in government MoEN, MoD
agencies )
agencies
NanIENUITIUINUazLBaulunslguy
- msAnAnsTmveanssnulumsldiniuemdsdinwennasuseUssinelng Wendstinmenmagululseimelneg ., WU,
' An overview study of the impact of biojet use on Thailand Positive and negative effects on the use of MoEN, MoC
biojet in Thailand
- msihusewmedudunidslunugyinauves ICAO wag CORSIA fiaunulu ICAO wag CORSIA nwv, AA.

' Pushing Thailand to be a member of the working groups of ICAO and CORSIA Representatives in ICAO and CORSIA CAAT, MoT
Asmuauleuty Wiy LLa%ﬂia‘Uﬁ%ﬂ%L’Ja’]ﬁ%ﬂLﬁ]ﬁﬂ:‘ﬂﬂﬁﬁ&léjﬂﬁum’lﬁ]iﬂﬁﬂuﬂ'ﬁﬁﬂ
m%uauimaaﬂieuﬁ NADINAYIU iauﬁqmsﬁmumﬂmzLﬂauﬁ’ﬁu LATUNAINY wlouny Wvaieuagnsauaiun1sndnauy

NNN.
3.4 | Establishing clear policies, targets, and a time frame for driving carbon dioxide reduction Clear policies, targets and operational CAAT
measures in the aviation sector, including establishing regulations and penalties framework
Change the relevant regulations to promote biojet
Lifingszidouiiduguassasenisdaesy
- wilvngssideuiiertedunisduasudomainineiniaeu LWOLINEITININDINFIINY VAV
' Change the relevant regulations to promote biojet no regulations that hinder the promotion of All
biojet
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Yo a
Short-medium terms Long term é‘f’a%”‘i’ﬂ HIUHAYBY
GFE R (for year 20..) (for year 20..) Metric Responsible
organization
2021 (22|23|24|25|26 |27 (28|29 |30|31|32|33|34|35]|36
o o v gva v o X oA . - InslaanasTIn weIn AU UE U WU, NDN., NWH.
msdsaTuLarNdnaulidnslTuTuIaTIn e In AL U UatenstuneTuU s
3.6 , , o o melulszine MoEN, AoT,
Promoting and encouraging the use of biojet for domestic airlines o ) .
The use of biojet with domestic flights CAAT
A AsTIudennazansimenneuliaianis
~ PN 2% o o o o dovd A - WU, Nan., NN,
37 msannBaundu/nmsidudmsvarenistunldiaemadinimeiniaeiu Uu MOEN. AoT
. OEN, AoT,
Airport tax/fuel tax reduction for airlines using biojet Taxes, fees and special privileges granted to CAAT
airlines
nsdndspnnIsUNIIERUginIAduny Tueendedldiitonsusmsdnnisiemndstnninenniaeiu AuznsIuN1ITsduiuuvesazUssne "
3.8 | v@ainA Committee composed of representatives of '
e : , . : . , MOoEN
Establishment of the Southeast Asian Committee for Regional Biofuels Management Southeast Asian countries
" va A X - o o aw fmsimhewemastanweiniaeuliiuany
miwwmﬂisLwﬂsl‘mL‘U‘uquaﬂmﬂmumimamLﬂuaLwa\i‘mmwmmﬂmﬂuqumﬂL@L‘Uﬂmmuaamaaﬂm o A W
3.9 , ) o o . ANSUUVIADINTT
Promoting Thailand to be the center for biojet production in Southeast Asia o ) . MoEN
Biojet sold to the desired airlines
VBV WU, = NTENTNNANIY nen = N15v18INIAL Y Ny, = andnaumsTunalzouunsUssmalng Wi, = ATURLINGIIUNAUN LAY OUTHENG NI N, = NILNTNUMIAE 0N, = NTLNTNGATIMNTITU  NY. = NTENTIINYATUAYaNNTA]
Wal. = NIzNTNWIEIVE AN. = NTENTNNANNL VA, = NIENTNNINGINTTTINYI] UavFUINGBI 3. = NTLNTNOAUANY TTeuazUInNTsHU AN, = NIFWINIINYAT U, = BNANITUNATINAIUIRINY AR, = NTENTNALUIAL

Note: MoEN=Ministry of Energy, Mol=Ministry of Indristry, MoC=Ministry of Commerce, MoA= Ministry of Agriculture and Cooperatives, MoT= Ministry of Transportation, MoD= Ministry of Defense, MHESI= Ministry of Higher Education, Sciences and
Innovation, MoN= Ministry of Natural Resources and Environment, Moln= Ministry of Interior, LGO= Local government organization, AoT= Airport Authority of Thailand, CAAT=Civil Aviation Authority of Thailand, DEDE=Department of Alternative Energy

Development and Efficiency, DoA= Department Of Agriculture
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8.2 Suggestions for management
methodology to support the use of
commercial biojet

From the above mentioned commercial
investment plans, investment guidelines or
supports for the production of biojet for
investors have accordingly analyzed
considering the readiness of technology for
producing biojet in Thailand. These can be
summarized in 3 possibilities:

(1) In-house (domestic) production
from technology and knowledge available
in Thailand due to the varieties of raw
materials that can be used to produce
biojet including research and prototype of
biofuel production in many organizations

(2) Procurement of biojet from
abroad to mix with the biojet produced in
Thailand. Since the biojet can be freely
traded, and can be purchased from any
manufacturers both domestic and abroad.

(3) Purchase

technology that is approved by ICAO in

foreign  production
order to invest in a manufacturing plant in
the country in which there are many
technology suppliers

In terms of measures to promote
and support the commercial use of biojet,
from a sustainable biofuels promotion plan
for aircraft, there are 2 measures to promote
and support the use of commercial biojet,
which are:

(1) Reducing airport taxes and or fuel
taxes for airlines using biojet as proposed
by the airline operators

(2) Promoting and encouraging the
use of biojet for domestic flights

With

laws related to fuel taxes,
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namely The Excise Tax Act B.E. 2527 (1984)
which has been specified in both the tax
form by value and/or tax by quantity
according to type of products. Currently,
the oil and oil product taxes are at 0% -
36% and tax by volume 0 - 7 baht / unit.

9. Seminar to disseminate the

results of the study

In this project, a brainstorming
meeting with stakeholders was organized
as well as a seminar to disseminate the
results of studies to all stakeholders and
related organizations including government,
research agencies and private sectors. The

summaries are as follows:

9.1 Stakeholders’ Brainstorming Meeting

After completing the draft guidelines
for the promotion of biojet, brainstorming
meeting with stakeholders organized to
gather ideas and comments. The meeting
held at Rawd-Nithiphat

conference room, 11th floor, Department

was Boon
of Alternative Energy Development and
Efficiency on Wednesday February 5, 2020.
There were 39 participants in the meeting,
divided into various groups, as shown in

Figure 8.
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Figure 8 various group of participants in the meeting
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From the brainstorming meeting, the
ideas, opinions, and suggestions of the

participants can be summarized as follows:

1) TOWS Matrix Analysis should be
added to identified strategies to promote
and support.

2) There should be a policy from the
government to promote the use of biojet
since the private sectors will not be able to
run their own businesses with biojet while
the price of aviation biofuel is higher than
recular jet fuel.

3) The use of biojet is possible for
trading security without considering the
price competition.

4) If there is cooperation among
ASEAN countries, there would be the better
feasibility than implementation with only
domestic policies.

should

measures to encourage rather than tax

5) The government issue

measures that may require high investment.
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9.2 Seminar to disseminate the results
of the study

After the brainstorming meeting, the
resultant suggestions were used to improve
the study results and guidelines for the
promotion of biojet to be presented to the
related organization by conducting a formal
seminar held on Wednesday 19 February
2020. There were 65 participants in the
meeting, divided into various groups, as

shown in Figure 9.
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Figure 9 various group of participant of the seminar
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The summaries of the opinions and suggestions
of the attendees are as follows:

1) The government should promote
and support the use of biojet and define a
clear promotion plan because the private
sectors need the drive from the govemment.

2) The subject of biojet should be
included in the country's energy plan and
the government should make a master

plan for the use of biojet.
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