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.Background
About energy transitions, there is no fAsingle b
economy has different economic and social structures, and geographical situations. We strongly believe
that various, pragmatic, and sustainable eném@ysitionsthat reflect the different circumstances of
each economy, are essential. To achieve such energy transitions, sharing knowledge and experience
among members is important.

.Objecti ve
Theobjectiveis to hold asymposiunt o f ol | ow up AAPEC Sectoral Sympo
of Decarbonization f or EnkeldinR02Iandto arganize the third ( E WG
Sectoral Symposium on Bioenergy in collaboration with the Ministry of Enéigiland.

The first and second sectoral symposia were AAPE
Fuelso in 2023 and AAPEC Symposium on Promoting
Sy st e ms gespeativel 0 2 4

.Out come

The symposium in person was held in Khon Kaen, Thailand on 3 December52@2dticipants from

13 APEC economie@ustralia; China; Hong Kong, China; Indonesia; Japan; Korea; Malaysia; Papua
New Guinea; The Philippines; Singapore; Chinese Taipei; Thailand and Viet Nam) attended the
sympaosium.

The speakersvereinvited from a wide range of government, private sector, academic, and research
institutions Theparticipants were government officials involved in formulating policies, programs, and
measures for decarbonization of fossil fuel use, energy efficiency and energy management systems and
bioenergy.The In-person symposium facilitated an active exchange to share expertise, best practices
and insights on the topics among participateluding fiBiodiesel and Bioethanal ASynthetic
Biofuelsd and fiDecarbonization in Power Sector by Biomass and Biohydgen

The Symposium participants visited Mitr Phol Sugar and Ethanol Plants on 4 Decembewi2024.
Pholwas ranked as the 4th largest sugar producer in the world in 2023, and 2nd iR20&8mplex

is a fully integrated facility comprising a sugar mill, ethanol plant, biomass power plant, and fertilizer
plant.

The Participants learned fundamental knowledge, related policies and initiatives in the meeting, and
then they experienced the application and practical case in the site and maximized the advantage of the
in-person event.

.Sy mp o s Buunnma r y
1. Wel c dRmanar k s

Mr Waranon Chansiri, Executive Director, Ministry of Energy, Thailand

Mr Chansiriwelcomed all attendees, including [8iriwat Pinijpanich Vice Governor of Khon Kaen
Province, Dr Kazutomdrie, President of the Asia Pacific Energy Research i€eand Mr Shan
Weiguo, the incoming Chair of the APEC Energy Working Group. He spoke on behalf of the Ministry
of Energy, Thailand, and expressed appreciation for the opportunityotganize the symposium with

the Asia Pacific Energy Research Getiirough the APEC Energy Working Group framework.

He introduced the energy context of Khon Kaen Province, emphasizing its capacity to produce
electricity from various sources such as combined cycle power plants, hydropower, biomass, solar, and
wast e. He al so highl i ght e doenergydaveldpmenty itk angtbana nt i a l



production capacity of approximately 590,000 liters per day from sugarcane and cassava. This effort
supports both decarbonization and economic growth in the local agricultural sector.

He reiterated Thai l acolgdive goaloirdoublingnthensharetobrenédwRliteC
energy by 2030, relative to 2010 levels. Thailand aims to contribute by pursuing carbon neutrality by
2050 and continuing its active role in APEC energy cooperation mechanisms.

He emphasized that the symposium would serve as a valuable platform for exchanging ideas, discussing
opportunities and challenges in biofuel development, and strengthening collaboration among APEC
economies.

He also encouraged participants to enjoy the city of Khon Kaen, which plays a significant role in
Thailand's renewable energy landscape.

In closing, he expressed gratitude to the Vice Governor of Khon Kaen Province and the Khon Kaen
Energy Provincial Office for their support in hosting the symposium.

He then invited MiSiriwat Pinijpanich Vice Governor of Khon Kaen Province, to deliver his welcome
remarks.

2. OpeniRegiar ks
Mr Siriwat Pinijpanich, the Vice Governor of Khon Kaen Province Thailand

Mr Siriwat Pinijpanichwelcomed the participants and experts and delegates from APEC member
economies, and expressed his pleasure in hosting the APEC Energy Working Group meeting in Khon
Kaen Province. He expressed his acknowledgement in the importance of this event, which was the third
event of the APEC energy symposium series.

Mr Pinijpanichintroduced Khon Kaen as an important economic center located in the northeastern
region of Thailand. The province plays a significant role due to its strategic location and natural
resources. He welcomed all delegates from the APEC economies and entbKasimeKaen's rich

offering of tourism attractions, domestic parks, and diverse sources of energy. These resources include
onshore natural gas resources, solar energy, water, and bioenergy from agricultural byproducts, all of
which contribué to the region's potential in renewable energy development.

He expressed his sincere belief that the cooperation fostered through the third sectorial symposium in
bioenergy by APEEnergy Working Group would contribute meaningfully to energy development
initiatives in Khon Kaen over the course of the #lay program. He underscored the importance of
sharing knowledge, advancing technology, and improving ecosystem management am@g APE
members to support energgansition in APEC member economiesvards a more sustainable energy
future.

Mr Pinijpanichconcluded by thanking all participants for attending and showing respect for Khon Kaen
ProvinceHe expressed hope that the event would serve as a valuable platform for the exchange of ideas
and experiences, and wished all attendees an enjoyable and enriching visit.

Dr Kazutomo Irie, President, Asia Pacific Energy Research Centre (APERC)
Dr Kazutomalrie welcomed distinguished guests and participants from APEC economies. He introduced
himself as President of the Asia Pacific Energy ResearchreCamdl noted the significance of this

symposium on bioenergy.

He explained that this event builds upon the previous virtual symposium held in August 2021, which
focused on a holistic approach to achieving carbon neutrality. Dr Irie stressed that no single pathway



can achieve carbon neutrality due to the diverse economic and geographic circumstances of each APEC
economyHe emphasized the importance of knowledge exchange to support inclusive and practical transitions.
He introduced the context of the current event as part of a series offeeased symposia. The first
focused omlecarbonizindossil fueband was held in Kobe, Japan, in October 2023. The second focused
onpromoting energy efficiency and energy management syatdiwas held in Tokyo in January 2024.

Key findings from both were presented at the APEC Energy Tranditamkshop in Nanjig, China,

in May 2024.

This third symposium, organized in collaboration with the Ministry of Energy of Thailand, aligns with
Thail anddos Bio Circular Green Economy initiatiyv
through policy dialogue and technological exchange.

He outlined the symposium agenda. It would begin with a keynote address from the Japanese Ministry
of Economy, Trade and Industry, followed by a seseiting presentation from an APERC colleague.

The day would include three expert sessions covering biddiagebioethanol in the morning, and
synthetic biofuels, biomass, and biohydrogen in the power sector in the afternoon. He also noted that a
networking reception would be held in the evening, and a site visit would take place the next morning.

He concluded by thanking all participants for their contributions and invited Mr Yoshiomi Yoshino from
the Ministry of Economy, Trade and Industry of Japan to deliver the keynote address via video message.

3. Keynote Speech
Mr Yoshiomi Yoshino, Director for International Policy on Carbon Neutrality, Ministry of
Economy, Trade and Industry, Japan

Following the opening remarks by Dr Kazutomo Irie, the keynote address was delivered via video
message by Mr Yoshiomi Yoshino, Director for International Policy on Carbon Neutrality at the
Agency for Natural Resources and Energy, under the Ministry ofdeoprTrade and Industry (MET]I),
Japan.

Mr Yoshino began by warmly welcoming all participants to the symposium and extended his remarks
on behalf of METI. He emphasized the evolving nature of the global energy landscape, citing both the
urgency of climate change and the volatility brought abgutcent energy crises. He noted that many
economies, including Thailand, have set ambitious climate targets. Specifically, Thailand has
announced its commitment to achieving carbon neutrality by 2050 and net zero greenhouse gas
emissions by 2065.

Addressing the broader challenges, Mr Yoshino pointed out that the energy crisis has caused instability
in energy supply and elevated prices worldwide. This situation, he explained, highlights the critical
importance of ensuring energy security as a fotiodal element of any society and economy. A
balanced approach is necessary, one that harmonizes energy security, economic growth, and climate
action.

Mr Yoshino then outlined three key principles that Japan believes are essential to a successful global
energy transition:

1. One Goal, Various Pathways

He stressed that each economy has its own unique energy conditions, shaped by factors such as
geography and industrial structure. Therefore, while the shared goal of net zero emissions is important,
it is equally essential to recognize and respect thediyeof transition pathways suited to different
domesticcontexts.

2. Promotion of Innovation
Japan is undergoing a widanging transformation of its economy, society, and industrial systems with
the goal of achieving both carbon neutrality and economic growth by 2050. This transition is known as



the Green Transformation (GX).

Mr Yoshino shared that Japan anticipates a#¥150 trillion (approximatelyUSDL trillion) of
investment in GX over the next decade. To support this, the Japanese government plans to provide
JPY20 trillion (approximateJSD140billion) in upfront investment. This will be supported through

the issuance of GX Economic Transition Bonds. These funds will help accelerate the development of
innovative technologies, including offshore wind, nggheration solar, hydrogen, and ammonia
energy solutions.

3. Providing Solutions Globally

Mr Yoshino stated that achieving decarbonization globally requires cooperation among all economies,
whether developed or developing, producers or consumers. Despite contributing only 3% of global
carbon dioxide emissions, Japan is committed to contribtmimgductions in the remaining 97% by
sharing technologies, financing options, and expertise.

One such effort includes the Asia Zero Emission Community (AZEC) platform, through which Japan
collaborates with ASEAN economies to simultaneously pursue decarbonization, economic
development, and energy security. Additionally, Japan intends to share its knowledge and experiences
with other APEC economies through both APEC initiatives and bilateral frameworks.

Shifting to the focus of the symposidnbioenergp Mr Yoshino i ntroduced some
initiatives in this area. In biomass power generation, projects are underway to convert sources such as
seaweed sludge, food waste, and livestock waste (sumwadung) into methane gas, which is then

used to generate electricity and heat. Japan has set a goal of re@hMofjldomass power generation

capacity by 2030. As of March of this year, G\W have already been achieved.

In terms of biofuels, Japan is actively encouraging the use of bioethanol derived from feedstocks like
corn and sugarcane for use in passenger vehicles, either mixed with gasoline or as a complete substitute.
At the local government level, biodiesel istmgpromoted by refining waste cooking oil and mixing it

with diesel fuel. This biodiesel is then used in public transport vehicles such as buses and municipal
service vehicles like street cleaners.

In aviation and maritime transport, Japan is preparing to meet new international decarbonization
standards. For aviation, in particular, t@onomyhas set a goal of replacing 10% of conventional jet
fuel with Sustainable Aviation Fuel (SAF) by 2030. Policies and regulatory systems are currently being
developed to support this transition.

To further reduce emissions in the fuel sector, Japan also emphasizes the potential of synthetic fuels,
such as duels and emethane, as well as expanded adoption of existing biofuels.

Mr Yoshino concluded by expressing his sincere hope that the symposium would serve as a meaningful
platform for APEC economies to exchange knowledge, formulate new policies, and accelerate progress
toward carbon neutrality.

He thanked participants for their attention and
and global decarbonization efforts.

4. Scene Setting: AOutl ook for Bioenergy in APE
Mr Glen Sweetnam, Senior Vice President, APERC

Mr Glen Sweetnam, Senior Vice President of the Aaaific Energy Research Centre, delivered a
scene setting presentation at the symposium. He began by expressing appreciation to the province of
Khon Kaen for hosting the event and to the Ministry of Energy of Thailand forgamizing the
symposium. He ephasized the importance of the meeting and shared his hope that participants would
gain valuable insights into the potential of bioenergy in achieving decarbonization.



In his introduction, Mr Sweetnam explained that his presentation aimed to provide context on how
APERC views bioenergy, how it is incorporated into their energy outlook, and what challenges and
opportunities lie ahead. He stated that this overview woufu freeme the expert discussions planned

for the rest of the symposium.

He noted that APERC produces an energy outlook every three years, with the next edition scheduled
for release in October 2025. The preparation of this outlook involves collaboration with all-tmenty
APEC member economies to develop energy use projsciiweiuding those for bioenergy.

Mr Sweetnam highlighted one of the major strengths of bioenergy. Through the process of photosynthesis,
plants absorb carbon dioxide from the atmosphafleen these plants are later used for energy, the
carbon dioxide released is effectively balanced out by the carbon previously absorbed. This makes
bioenergy a potentially carbareutral energy source. However, despite this benefit, bioenergy still
plays arelatively small role in APEC energy system. He posed the question of whether technological
innovationcould help scale bioenergy for greater impact.

To provide clarity, he outlined the energy system structure used in APERC analysis. Primary energy
supply includes fossil fuels, nuclear energy, and biomass. This supply can either be used directly in
sectors such as industry and residential, or transtbimte electricity, heat, or refined fuels. Bioenergy
enters the system in multiple ways, which makes it complex to track and evaluate accurately.

Reviewing historical data from 2000 to 2021, Mr Sweetnam pointed out that biomass and biofuels have
played a limited role in APEC primary energy supply. In 2021, biomass accountedfa@ritibiofuels
for 0.7%6. Though both have experienced growth, it has been from a small base.

Electricity generation from biomass increased fronT\W@8 to 20T'Wh between 2000 and 2021.
However, even with this growth, biomass accounted for onl§% hfitotal electricity generation in
APEC. Regarding final energy consumption, biomass represe#tead biofuels 2o, primarily used

in the industrial and residential sectors. The transport sector was the major consumer of liquid biofuels.

Mr Sweetnam further explained that while dgasoline experienced rapid growth, it plateaued around
2010 at approximately% of liquid fuels. Biodiesel, on the other hand, continued to grow and reached

a @6 share in 2021. Southeast Asia, in particular, showed significant uptake due to its large biomass
resources such as palm oil. In this region, biodiesel accounts¥oofliSiofuel supply.

He introduced two future scenarios: the reference case and the target case. The reference case assumes
continuation of current policies. Under this scenario, bioenergy use remains relatively flat. The target
case assumes implementation of each econoray&isiecarbonization goals. In this case, biomass use
nearly doubles by 2060. However, the share of biofuels declines due to increasing electrification of the
transport sector.

In terms of electricity generation, biomass plays a more significant role in the target case. It could reach
almost 286 of renewable electricity generation by 2060. However, its share of total electricity
generation is projected to remain modest, increasing only %6 i.the target case, compared t0%.1

in the reference case.

Biofuels are expected to remain important in Southeast Asia. Blending rates for biodiesel and
biogasoline are projected to rise ta¥d@nd 126 respectively under the reference case. In the target
scenario, they could reach%Sor biodiesel and 2% for biogasoline. Mr Sweetnam explained that
electrification will reduce the need for biofuels in road transport, but in marine and aviation sectors
where electrification is more difficult, biofuels can play a larger role. Biodiesel could accoun®éor 30

of marinefuel in the target case, and biokerosene could regihob@viation fuel.

He then addressed a key challenge facing bioenergy. Despite its environmental benefits, bioenergy has



low energy density. Fossil fuels like diesel and gasoline provide around 40megajoules per liter, while
ethanol offers about half that amount. Solid biomass sources such as wood pellets and charcoal have
even lower energy density, making them expensiveattsport and process. This characteristic limits

the scalability of bioenergy unless new technologies reduce these economic barriers.

To illustrate this, Mr Sweetnam presented a chart showing the energy density and specific energy of
various fuels. Fossil fuels ranked highest, followed by ethanol, then solid biomass, and finally lithium
ion batteries. He emphasized that while bioenesgyable in specific conditions, such as regions with
plentiful biomass, it is not yet suitable for widespread use without further innovation.

He also noted that bioenergy feedstocks often have competing uses, such as food production, which
adds cost. Gathering and processing biomass can beitédosive and energytensive. The
conversion of cellulose to liquid fuels, though promising, isyeptommercially viable.

In conclusion, Mr Sweetnham stated that until technological breakthroughs occur, policies and subsidies
will be needed to support the expansion of bioenergy. He stressed that there are contexts in which
bioenergy is already practical and beneficial. He esged his hope that the symposium would help
identify those areas and stimulate innovation that could make bioenergy a more competitive and
scalable solution in the future.

5, Session 1. ABi odi esel and Bioethanol: Opport
Devel opment so

Session Moderator:
Dr Ruengsak Thitiratsakul, Petroleum and Energy Institute of Thailand (PEIT)

Sessionil

"Thailand Latest Policy to Promote Bioenergy"

Dr Natikorn Prakobboon, Department of Alternative Energy Development and Efficiency
(DEDE), Ministry of Energy, Thailand

Dr Natikorn Prakobboohegan his presentation by greeting the audience and introducing himself as an

engineer at the Biofuel Development Bureau, under the Department of Alternative Energy Development
and Efficiency (DEDE), Ministry of Energy. He expressed his gratitude fooppertunity to speak

and introduced the topic of Thailand's latest biofuel promotion policy, emphasizing its timeliness and

importance in addressing global energy challenges.

He explained that Thailand is ranked seventh globally in both ethanol production and consumption,
with most domestically produced ethanol used as transport fuel in gasohol blends. Molasses and cassava
are the primary feedstocks. He presented an overvieivhailand's ethanol production facilities,
highlighting 28 plants with a total capacity of 6.7 million liters per day. These included 11 plants using
molasses (2.8 milliofiters per day, 2 hybrid plants using sugarcane juice or molasses (0.83 million
liters per day 5 hybrid plants using cassava and molasseS (ildon liters per day, and 10 cassava

based plants (2.09 milliditers per day.

Dr Natikorn noted that over the past four years, ethanol production in Thailand relied approximately
70% on molasses and 30% on cassava, though this ratio fluctuates based on raw material prices. He
reviewed ethanol consumption trends, stating that prior to the CQU9IPpandemic, Thailand
consumed 4.4 milliokiters per dayThe pandemic led to a decline in travel and ethanol usage, dropping

to 4.1 millionliters per dayin 2020 and 385 million liters per dayin 2022, with a projected further
decrease t0.81 millionliters per daypy yearend.

He identified two major challenges to ethanol: the planned termination of the Oil Fund subsidy by the

end of 2026, and the rise of electric vehicles under the 30@30 policy, which targete8ddvehicle
production by 2030. These trends could reduce gasoline consumption to 17 liteilieoper dayhalf

10



the current leveinh 2037

To address future demand scenarios, the government developed two projections: if E20 remains the
primary fuel, ethanol demand would be 3.2 milliibers per dayif E10 dominates, demand would drop

to 1.52 millionliters per dayWith production capacity at 6.7 milliditers per dayhe discussed options

for surplus management.

Dr Natikorn explained that during the COVID9 pandemic, ethanol producers were temporarily
allowed to manufacture pharmaceutigehde sanitizers. Around 81 million liters of ethanol were used
for this purpose. Thailand has also exported ethanol to sea@mabmiesincluding Ethiopig Hong
Kong, China Japan and the Philippinesalbeit in limited volumes. Export requires cdsecase
approval from the Excise Department.

He outlined potential solutions for adapting the ethanol industry: producing ettesed bioplastics,

which reduce emissions and are aligned with Thailand's BCGCBaularGreen) economy model;
expanding pharmaceutical and chemical applications; eottliping Sustainable Aviation Fuel (SAF)

using Alcoholto-Jet (ATJ) technology. Thailand plans to mandate a 2% SAF blend in jet fuel by 2027,
pending cabinet approval. He noted that export restrictions may be relaxed to establish Thailand as a
regional etanol trading hub.

Dr Natikornthen transitioned to biodiesel development. He presented data on 15 biodiesel plants in
Thailand with a combined capacity of.@f million liters per dayusing raw materials such as CPO,

RBD PO, palm stearin, and PFAD. The largest producer, Global Green Chemical, has a capacity of 1.2
million liters per day

He reviewed biodiesel consumption trends and blending ratios. Diesel consumption has grown steadily
since 2011, reaching 67 milliditers per dayin 2024. Biodiesel consumption increased with higher
blending ratio§B10) but declined during 2022022 due to the pandemic. It rose again &9 sillion

liters per dayoy 2024. Blending ratios have evolved from B3 to B20, with B7 Euro5 introdudédyin

2024. However, due to rising palm oil prices, the blend was temporarily reduced to B5 in November
2024.

He listed challenges for biodiesel: the same issues affecting ethanol (Oil Fund termination and EV
expansion), Euro5 emission standards limiting biodiesel blends to 7%, and high palm oil production
costs caused by low yield and extraction efficiency. Thas®rs impact the competitiveness of Thai
biodiesel.

Dr Natikorn emphasized the need for innovation and diversification in the biodiesel industry. Solutions
include increasing palm oil yield, developing highality oil palm standards, and promoting alternative
high-value products such as BHD (Higdrogenated dieselAF, and biebased transformer oils.

He concluded with future projections. Under AEDP 2024, diesel consumption is expected to fall from
67 millionliters per dayn 2024 to 35 millioriters per dayn 2037. Biodiesel use is projected to decline
from 6.5 millionliters per dayin 2022 to 2.46 millioriters per dayoy 2037. He noted the importance

of stable supply chain management, palm oil price control, anediglity raw materials.

Dr Natikorn ended by summarizing Thailand's strategy to support-vadie palm oil products to
enhance competitiveness and sustainability, contributing to the broader goals of energy transition and
environmental improvement.

Sessioni2

ABi oenergy in Chinese Taipei and Asi abo

Dr Chia-Chi Chang, Taiwan Bio-energy Technology Development Association, Chinese Taipei

The second speaker was Dr CRlidn i Chang. He holds a bachel or 6s
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Environment al Engineering and Science from Fen
engineering from the same university, and a PhD in Environmental Engineering from Taiwan
University. Since 2009, Dr Chang has held multiple roles across univ@i@itteresearch institutes,

including senior research fellow, postdoctoral fellow, and project manager. His areas of expertise
include bioengineering, energy, wastefuel conversion, water treatment, and resource recovery. Dr

Chang presented on the topicbioenergy in Chinese Taipei and Asia.

Dr Chang began by expressing his honor i n shar
acknowledging upfront that their liquid biofuel policy failed ten years ago. He stated that currently,

only a small amount of liquid biofuel is used at a few gasdiations, essentially for symbolic purposes.

He aimed to share this story as a lesson.

He highlighted the long history of bioenergy usage throughout human civilization. Despite
technological advancements,%®f global biomass is still used inefficiently for basic applications
such as illumination, household heating, or cooking. The development of modern bioenergy has enabled
the production of heat, fuels, and electricity. Dr Chang's focus was on liquidIbiofakiding bie

alcohol, biodiesel, sustainable aviation fuel (SAF), and hydrotreated vegetable oil (HVO).

Dr Chang noted that there has been little technological innovation in biofuel production in recent
decades. Most current technologies, such as gasification and the iFisopech process, date back to
World War Il. The primary challenge remains securinfficient feedstock. Although the market has
shifted its focus from biodiesel to SAF and HVO, the feedstock remains the same.

He stressed that reviving biofuel usage in Chinese Taipei would be difficult, as existing suppliers have
already adapted to other pathways. Liquid biofuels, mainly used in transportation, face growing
competition from electric vehicles.

Chinese Taipei has committed to achievingzexb emissions by 2050. Every five years, new targets

are set under the Global Greenhouse Gases Reduction and Management Act. Currently, Chinese Taipei
is in the second phase, aiming to reduce carbon dioxitsiems by 18 by the end of 2025. However,

fossil fuels still dominate energy consumption, and the use of biofuel remains minimal.

Currently, only 14 gasoline stations offer E3 ethanol blends. A few factories use biofuel derived from
plankton oil, representing less thath bf energy consumption. Most renewable energy development
focuses on the power sector. Chinese Taipei has also shut down two nuclear plants in recent years,
further complicating the renewable energy transition. Bioenergy remains underrepresented.

Dr Chang stated that his association is the only one in Chinese Taipei actively promoting bioenergy, a
cause that he finds increasingly discouraging. He remains hopeful tizaraejoals may provide new
momentum.

In the transportation sector, Chinese Taipei emitted 60.5 million tons of carbon dioxide in 2020. By
2030, this must be reduced to 27 to 28 million tons. The government's primary strategy is to replace
fossil fuelpowered vehicles with electric vehicleather than expanding biofuel use, due to negative
past experiences with biodiesel.

Biodiesel development began in 1998 with a pilot project using soybean oil. In 2006, a partnership
between the EPA, industry, and energy departments focused on converting waste cooking oil into
biodiesel. Benefits included waste reduction and reducedrcarmbpollutant emissions.

The first commercial biodiesel plant using raw feedstock opened in 2004. A second plant using waste
cooking oil began operations in 2006 and remains the only one operating today. The government
launched a foustage plan starting in 2006. In the first phasver 400 buses and garbage trucks used
biodiesel. In the second phase (208008), biodiesel supply systems were established in Chiayi and
Taoyuan. The third phase introduced a B1 policy, blenditgbiodiesel into commercial diesel,

12



followed by B2 blending in the fourth phase (p26t0).

Despite these efforts, biodiesel blending was suspended in May 2014, limiting biodiesel use to industrial
boil ers. At its peak, bi odi esel production reac
termination, the waste cooking oil supply chaiaptéd independently. Of the 25,000 tons of used oil

collected annually, 30 to 80is exported, while 60 to POis used domestically by the single remaining

producer.

This producer buys waste cooking oil at high prices fromftasi chains, making production costs
higher than diesel. Despite subsidies, domestic gasoline remains very cheap. For instance, the price is
less tharlJSDL per liter, making it difficult for biodiesel to compete.

Due to price disadvantages, producers export biodiesel to Europe. However, some domestic users, such
as McDonal doé &,biodiesel (B100) forsteanspbr@ This fixed supply chain presents
challenges for reintroducing biodiesel use without significant government subsidies.

Turning to bioethanol, the government initially piloted E3 gasoline in Taipei and Kaohsiung at 14
stations through international cooperation with US organizations. The price was lower than petrol, but
consumer misconceptions about engine performance |[gabtroadoption.

Dr Chang emphasized that this experience underscored the importance of public education. He
mentioned a recent MoU between CPC and the US Grains Council to provide E10 gasoline beginning
next year. However, the high transportation costs of imported ethas®ia challenge, making the plan
financially unfeasible.

A domestic initiative launched in 2010 to encourage the cultivation of energy crops also failed due to
unstable climate conditions and uncompetitive crop pricing.

I n conclusi on, Dr Chang reflected on Chinese Tai
ago. At one point, large volumes of biodiesel,-glicohol, palm kernel shells, and wood pellets were

used or imported. However, since the terminatiothefbiodiesel program in 2014 and the COMI®

pandemic, bioenergy usage has declined.

He expressed regret over the decline, noting that Chinese Taipei is perhaps the only economy in the
region where bioenergy usage is decreasing. Despite his efforts, he feels that more should have been
done.

Subsidydriven demand from the EU has further complicated domestic use of waste cooking oil for
biodiesel or SAF, as foreign buyers offer higher prices. CPC and Formosa Petrochemical have recently
launched SAF projects using domestic waste cooking oilséedring sufficient feedstock remains a
major challenge.

Dr Chang concluded by stating that the government's decision a decade ago to abandon biofuel use was
a mistake. Restarting the program is now even more difficult. Although he could not share any
successful examples from Chinese Taipei, he welcomed suagegir reviving the initiative.

Sessioni3

iMal aysia's Biofuel Partnership Programo
Mr Norizal Khushairi bin Mohamad Zamri, Head of National Project & Technical Advisor for
Global Wildlife Program (GWP) Malaysia. UNDP Malaysia

Dr Ruengsak Thitiratsakul expressed appreciation for the previous speaker's presentation and informed
the audience that questions would be addressed during the Q&A session following the third presenter.

He introduced Mr Norizal Khushaibin Mohamad Zamri, the Head of National Proj&cTechnical
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Advisor for Global Wildlife Program. Mr Norizal has been involveddiomesti¢ regional, and local
programs and budgets across federal and regional agencies, including the Iskandar Malaysia and East
Coast Economic Region corridors. He currently leads the implementation of the GEF7 Global Wildlife
Program in Malaysia, focusing onteamcing institutional and local capacities to combat wildlife crime

and protect iconic wildlife species.

Mr Norizal was previously the Head of the National Project for GERsreen Technology Application

for the Development of Low Carbon Cities in Malaysia, a collaboration between the Sustainable Energy
Development Authority, Ministry of Environment and Watand the UN Development Program. He

was invited to present on the Malaysia Biofuel Partnership Program.

Mr Norizal greeted the audience and thanked them for their attention. He stated that instead of presenting
theoretical data or complex figures, he would share practical experiences from Malaysia's partnership
program involving the UNDP, the Government ofilslysia, the GEF, and the Sustainable Energy
Development AuthorityHe outlined that the fivgear project targeted five major cities in Malaysia,
addressing pollution and GHG emissions, particularly in the transport sector. Funding came from the
GEF, withco-financing from the Malaysian government.

The project focused on three key components: policy development to incentivize and support
stakeholders, awareness creation and capacity building, and technological investment. The central
initiative was the implementation of B100 biodiesel. Mr Norizahhghted the challenge of engaging
stakeholders such as Scania, Petronas, biodiesel suppliers, and public transport operators. Securing their
participation was itself a success, demonstrating arid longterm benefits beyond current B10, B20,

or B30 mandtes. In Malaysia, B20 is the standard for public transportation.

He noted that these stakeholders collaborated on bus routes connecting neighborhoods to MRT stations.
Another major challenge was supplying B100 biodiesel due to inadequate infrastructure. Petronas
addressed this using its mobile fueling facility, ROVRsupply busewith biodiesel at the MRT Depot

in Kajang, Selangor.

Mr Norizal shared that multinational companies like Shell and Scania had piloted their own B100
biodiesel programs for road tankers, indicating private sector support for government initiatives.
According to project data, B100 reduced carbon emissionp by 0%, particularly in heavy vehicles

like buses. He also mentioned that vehicle manufacturers such as Scania and Volvo already-had B100
ready equipment, and that implementation challenges were mainly behavioral, related to drivers.

He emphasized the potential for significant value chain impact if major palmnosilicing economies
like Colombig Indonesia and Malaysia adopted B100 extensively. However, he acknowledged
concerns regarding food security due to increased palm oil demand.

Malaysia, he said, had a solid documentation and policy foundation. The National Low Carbon Cities
Masterplan, launched in 2022, involved 154 local authorities. It promoted low carbon vehicle engines
and other environmentally focused recommendations. Hiiomal Energy Transition Roadmap, also
launched in 2022, emphasized green mobility and land transport. This roadmap supported the adoption
of biodiesel, including B1 blends, and encouraged federal support systems.

He stated that the roadmap had included a B30 blend amendment. However, cities and industry
participants in the Low Carbon Cities program believed Malaysia was ready to exceed the earlier B20
mandate. One option under consideration was a biodiaseld Ba Rapid Transit (BRT) system in
Iskandar Malaysia. Although electrification was the primary focus, biodiesel remained a viable
alternative.

Mr Norizal concluded by thanking the audience and welcoming questions after his presentation.
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Q&A Session Summary
Question
1 A participant asked about the cost of importing bioethanol to Chinese Taipei and proposed
potential future cooperation with Thailand.
Answer: Dr Chia-Chi Chang
1 Uncertain of the specific cost from the USA.
1 Offered to introduce relevant officials from Hong Kong, China, to facilitate future collaboration
with Thailand.
1 Open to future imports from Thailand as part of carbon reduction efforts.

Question Mr Glen Sweetham
f Highlighted the complexity of the biofuel ecosystem.
{1 Pointed out unintended consequences of government policy (e.g., market distortions, supply
demand mismatches).
1 Asked whether Southeast Asian economies should promote regional biofuel trade and reduce
regulatory barriers.
Answer: Dr Natikorn Prakobboon
1 Thailand has abundant raw materials (sugarcane, molasses, cassava, palm oil).

T Biofuel use may decline due to EV adoption ai

f High production costs | imit Thailandds expor i

19 Emphasized that T{6EO dndfarmessurcddjpmoviding dnvironmentalo n
advantages.

Answer: Dr Chia-Chi Chang

1 Feedstock competition shifts with trends (e.g., SAF vs biodiesel).

1 Supports global carbon reduction rather than isolated local efforts.

1 Encourages exports from Chinese Taipei when domestic support is insufficient.

71 Raised ethical concerns over excessive use of cooking oil as feedstock.

1 Warned that many Agreeno projects lack feasil
Answer: Mr Norizal Khushairi bin Mohamad Zamri

1 Stressed the importance of industry readiness and mandates.

1 Mal aysiabs B20/ B30 policies exist but scalin

1 Called for regional cooperation in Southeast Asia to align efforts and reduce inefficiencies.

Question
1 How can secondeneration biofuels (nefood biomass) help reduce dependence on feedstock?
1 Whatroledocommunitg cal e bi omass/ bi ogas projects play
Answer: Dr Natikorn Prakobboon
1 Thailand has not widely adopted secayaheration biofuels due to sufficient figgeneration
feedstock (only 10% of cassava used for ethanol).
f Secondgeneration technologies are more expensive due to additional processing steps.
1 Communityscale bioenergy is important but requires localized incentives and technical support.
Answer: Dr Chia-Chi Chang
1 The distinction between firsand secondjeneration biofuels is semantic, not functional.
1 Secondgeneration fuels (e.g., ethanol from cellulose) have lower energy efficiency.
1 Bioenergy should be applicati@pecifi@ dieseltype vs alcohetype fuels serve different
purposes.
1 Feedstock management is the most critical factor.

Question
1 How does Chinese Taipei collect WCO, especially from households?
Answer: Dr Chia-Chi Chang
1 Restaurants are regulated by the EPA and must report usage and WCO output.
1 Household collection is minimal and inefficient; most is unsuitable for biodiesel due to high
water content.
1 Current reuse is mainly for fertilizer, not biofuel.
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Question
1  Why is CPC promoting ethanol in Chinese Taipei despite low public adoption of E3?
Answer: Dr Chia-Chi Chang
1 Candidly stated: ASomeone wants to sel/l it.o
1 Suggested that external pressure from suppliers (e.g., U.S. bioethanol interests) may have
influenced policy.

Closing Remarks by Moderator. Dr Ruengsak Thitiratsakul
1 Emphasized the potential of biofuels (biodiesel and ethanol) as renewable energy sources.
{1 Highlighted the need to address feedstock, cost, and technical challenges.
1 Stressed the importance of R&D and consistent government policy to ensure sustainable
adoption.

6. Session 2. ASynt hetic Biofuel s: Opportunitie
Devel opment so

Session Moderator:
Mr Thanan Marukatat, Research Fellow, APERC

SessionZl
ASAF initiatives and potential: Thailand casebo0
Mr Kittiphong Limsuwannarot, Chief Executive Officer and President, BBGI Plc. Thailand

Mr Kittiphong Limsuwannarobegan his presentatidany out |l i ni ng Thail andoés s
Sustainable Aviation Fuel (SAF). He emphasizecetmomyp s ef f orts to transitio
fuels to lowcarbon alternatives, and the crucial role of BBGI and Bangchak Corporation in this
transformation.

Mr Kittiphonge x pl ai ned t hat BBGI is Thailanddés foremost
a key subsidiary of Bangchak Corporation. He hi
four decades from petroleum to green energy antbééed sector@BGlI, he noted, is now a leader in

both traditional biofuels and emerging fields such as synthetic biology.

He pointed out that Thailand's agricultural strength forms the foundation for its biofuel strategy.
According to Mr Kittiphong, Thailand ranks among the top global producers of palm oil, sugarcane,
and cassava. These crops are being utilized to genetateadaled biegproducts while supporting
domesticenergy security through reduced oil imports.

As Mr Kittiphong stated, biofuels like palm biodiesel and sugarcane ethanol contribute significantly to
reducing greenhouse gas emissions. He referenced IEA data showing GHG reductions of up to 84% for
palm biodiesel and up to 74% for sugarcane ethanolurdierscored that SAF, depending on the
pathway, could reduce emissions by as much as 94%.

Mr Kittiphong described the SAF production technologies in detail, noting the A&Fified pathways:
HEFA (Hydroprocessed Esters and Fatty Acids), AtJ (Alcttrdet), and GaB T (FischefTropsch). He
stated that while HEFA is currently the most matotber pathways are gaining interest due to their
flexibility in feedstock use.

He el aborated on Thailandés SAF policy, explaini
mandate starting at 2% in 2027, increasing to 3% by 2030, and reatB#¥tgdy 2033. Mr Kittiphong
noted that HEFA will be the initial pathway due to itatarity, with AtJ anticipated in later phases.

According to Mr Kittiphong, one of the key challenges in SAF deployment is its high production cost,
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which is currently 5 times more than fossil jet fuel. He added that feedstock availability anelgcale
capacity are also pressing concerns. Neverthel e:c
for future SAF growth.

Mr Kittiphong shared details of BBGI ongoing con
The plant, | ocated within Bangchakdés refinery, u
reported a total investment ®HB8.5 billion, with 77% completion as of October 2024. The plant aims

to start operations in Q2 2025 and will have a daily capacity of 1 million liters.

In addition, Mr Kittiphong discussed BBixpansion into synthetic biology. He explained that the
company is developing a CDMO (Contract Development and Manufacturing Organization) platform to
produce highvalue products, including enzymes, collagen, and functional proteins, enhancing
Thai | secahonsy fobtprint.

To conclude, Mr Kittiphong highlighted Thail andd
through its participation in ICAGCORSIA framework. He emphasized that global SAF demand is
expected to rise dramatically, reaching 2.1 million barrels per day by 2050, and that BBGI aims to position
Thailand as a regional SAF leader.

Session2
AnSAF dmuckleso
Mr Chua Wei Jun, Biofuels Analyst, S & P Global Commodity Insights, Singapore

Mr ChuaWei Jun began his presentation by addressing the current dominance of th& HEBoduction
pathway. He stated that while HEFA is the most widely adopted method today, it will not be sufficient to
meet global SAF demand by 2050. As the industry progréssard 2030, 2040, and 2050, he highlighted
the growing importance of ATJ (Alcohts-Jet) and eSAF (electfoel-based SAF) technologies to close

the demand gap.

He elaborated on the process of producing eSAF, which primarily involves green hydrogen derived
from renewable energy or nuclear sources. This hydrogen is produced by electrolyzing water. Mr Chua
emphasized that capturing carbon is equally critical. Casbarces include industrial emissions such

as flue gas from steel or refinery plants, or carbon captured directly from the air. In the EU, eSAF is
also referred to as RFNBO (Renewable Fuels of-Riatogical Origin).

Mr Chua outlined three main eSAdfoduction pathways: converting captured carbon intoethanol

or eethanol followed by Methandb-Jet or Ethaneto-Jet conversion, and producing syngas followed
by FischefTropsch synthesis to yield SAF. He stressed that these technologies ardydinméed by
their high cost and technological immaturity.

He pointed out that eSAF offers several advantages. It is not constrained by feedstock availability like
HEFA, has a high GHG reduction potential of up to 99%, and is compatible with existing fuel
infrastructure. However, Mr Chua noted that high productiosts remain a major barrier. eSAF is
currently three to five times more expensive than fossil jet fuel. While policy and regulation may help
lower costs, uncertainty in policy implementation remains a challenge.

Mr Chua also explained the technical limitations. Unlike HEFA and ATJ, eSAF production is still in its
early stages, with most facilities operating at pilot scale. High capital expenditures and limited investor
interest further impede progress. Projectficing remains a significant hurdle for scaling eSAF
technologies.

He then presented data on global eSAF demand. According to EU policy forecasts, 16 million tons of
eSAF will be needed by 2050. However, current infrastructure, particularly for green hydrogen
production, falls short of meeting this target. The EU is onlyrack to produce around 6 million tons,
highlighting a substantial gap that must be bridged by reducing green hydrogen costs.
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Mr Chua emphasized the role of policy in driving investment. He showed that most eSAF projects are
concentrated in the EU, where strong policy frameworks exist. InPPei#fic, Australia and China

have begun to include green hydrogen affide¢ productionin their energy strategies. Policy clarity

and incentives are key to maturing the eSAF market.

He summarized the primary risks facinduel development: policy uncertainty, technical scalability,

and financing constraints. Mr Chua noted that while the EU is expected to lead in the short term due to
robust policies and existing projects, the UniBtdtes and Middle East could follow due to hydrogen
production incentives and low hydrogen costs. Australia and China are expected to lead within the Asia
Pacific region.

Lastly, Mr Chua discussed private sector commitments. He shared examples of offtake agreements
signed by airlines and corporations in the EU and US to support eSAF production. However, such
agreements are still rare in regions where supply chains aelssped.

Mr Chua concluded his presentation by reiterating the importance of coordinated policy, investment,
and technological development to scale up eSAF and meet future aviation decarbonization targets.

SessionZ3

ABi ofuel s and SAF in Koreabo

Dr Hyunyoung Oh, Associate Research Fellow, Korea Energy Economics Institute (KEEI),
Korea

Dr Hyunyoung Oh began her presentation by greeting the audience. She introduced herself as a
researcher at KEEI and mentioned that while the government used to be their coworker, it now functions
as their client. She explained that in Korea, the Renewabl&Erelard is the central policy governing
biofuels. A mandate for biodiesel has been in place since 2015, startingoat®b plans to increase

it to 5% by 2030.She shared that the current blending rate mirrors the mandated rate, indicating that
companies only produce biodiesel in the amounts required to meet this regulation and do not go beyond
it.

Dr Oh pointed out that one of the major issues in Korea is the limited domestic availability of feedstock.
Increasing the blending rate would require companies to import all their feedstock, which is a significant
challenge. Industry associations have exped that this constraint makes it difficult to raise the
blending mandate any further.

She also highlighted the opposition from NGOs in Korea, noting that many of them are against the use
of biofuels. These organizations tend to focus on the idea of combustion and generally oppose anything
that involves burning, regardless of practical tesdi As a result, the adoption of biofuels in Korea
remains limited. However, the government continues to show strong interest in expanding biofuel use
and seeks new opportunities to promote it.

Earlier this year, the government revised the Alternative Fuels Act to categorize fuels into three fixed
sectors: biofuels,-e ue |l s, and others. This restructuring re
development across all three sectors.

Dr Oh described the gov er-maneerfuel§ svhica kguderbotimmeand a | ef
and maritime testing. The fuels being tested are biodiesel adtebuy fuel oil. A pilot study was

conducted involving international ships using &3biodiesel blend. Currently, the government is

working on establishing quality standards for-beavy fuel oil and biodiesel intended for use in ships.

She presented the domestic SAF supply strategy. The initial policy idea, announced in October 2022,

stemmed from her research developed in consultation with policyméke@h explained that the
motivation for this pol i cRefuecEJmtativé. Whemthe groposdE ur op e
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was published, the Korean government sought to understand its implications and develop a
corresponding domestic policy. Dr Oh worked with the government to inté&tpfeel EUand drafted

a report in 2021, which served as the foundation for the resulting policy and the 2024 version of the
domestic supply expansion strategy.

As a result of these efforts, the Korean government has introduced a mandatory SAF blending ratio for
international flights, beginning with &dmandate in 2027. Dr Oh noted that this figure was chosen to

allow for testing related to safety and to provide time to develop adongexpansion plan, particularly
because of Koreads | imited domest i c lofphasegdwith oc k s u
the aim to increase the blending ratio to approximaté&sbortly after 2030.

She further explained the coordination efforts between the government, the petroleum industry, and the
airline industry.Meetings have been held with all stakeholders, including Dr. Oh herself. However,
airlines, as SAF buyers, were cautious in the discussions, citing high costs and concerns over potential
ticket price increase#n contrast, petroleum companies have shown strong interest in the strategy and
are actively working toward producing SAF domestically.

Currently, discussions are ongoing to determine an appropriate SAF blending ratio for Korea. A major
challenge lies in drafting specific laws, including those related to penalties, flexible regulations, and
mechanisms to stabilize prices in case of spikesdstock remains a critical concern. Consequently,
the government is exploringfaels as a potential solution. However, Korea has limited available land
for solar photovoltaic and wind power installations, both of which are essential for prodifais. e
Therefore, €uel production is not expected to commence until around 2035. The plan is to begin with
HEFA-SAF, particularly ceprocessing methods.

Petroleum companies such a®®band SK Energy are currently working on SAF production and have
already obtained certifications from CORSIA and ISCC.

Dr Oh concluded by discussing the development of
roadmap provided by Bloomberg but commented that its térgetseeding 60 or B@ blending by

205@® are unrealistic for Korea. Instead, she suggested th&baasfet by 2050 is more feasible. The
development of specific SAF mandates is currently in progress, with her direct involvement.

Session24

ASAF dmudkleaso

Dr Nuwong Chollacoop, Low Carbon Energy Research Group Director, National Energy
Technology Center(ENTEC), Thailand

Mr ThananMarukatatintroduced Dr Nuwong Chollacoop from Thailand, who has worked in the
biofuels field for over two decades. Dr Nuwong began by thanking APERC for organizing the event
and shared his appreciation for having an opportunity to speak on bioenergy, notingrthaument
discussions focus on electric vehicles and hydrogen rather than biofuels.

Dr Nuwong provided a summary of Thailand's climate goals. He referenced Thailand's first Nationally
Determined Contribution (NDC) from COP21, aiming for CO2 reductions by 2025. He explained that
by COP27, Thailand had committed to carbon neutrality by 288Metzero emissions by 2065. The
updated NDC increased the reduction target from 30% to 40%. Thailand currently has ar@Qf@ 18
renewable energy, but it aims for at least 50% by 2050. He emphasized the importance of achieving
this without compromisig industrial competitiveness.

Dr Nuwong then discussed his recent assignment from April to focus on SAR@ld.éHe explained

that while SAF is a popular topic;feels are more challenging and less developed in Thailand. He
highlighted the need to explore hydrogeased SAF (eSARnd Powetto-Liquid (PtL) technologies.

He noted that HEFA (Hydroprocessed Esters and Fatty Acids) is the current mainstream SAF
technology, while alcohdbased and-&uel-based pathways are emerging.
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He referred to mandates in the European Union for blending eSAF and noted Germany's PtL roadmap.
In Thailand, companies like Bangchak are produéiit-A SAF, and others such as Mitr Phol are
exploring Alcohotto-Jet technology. Dr Nuwong mentioned that Thai airlines, including both domestic
and international carriers, are beginning to engage with SAF, and the higher cost of SAF is a concern
for adoption.

He described his regional involvement through ASEAN and cooperation with the United States,
including grants from the Federal Aviation Administration (FAA) and the Hawaii Natural Energy
Institute (HNEI). He described initiatives such as workshops and policy discussions held in Bangkok
Thailandand Bali, Indonesia. He highlighted the differences in aviation fuel usage across ASEAN
economiegnoting that Thailand has 80% international and 20% domestic consumption, while Indonesia
has a 60:40 split.

Dr Nuwong explained that Pertamina in Indonesia produces SAF using palm oil through various
methods, and although ISCC does not accept palm oil due to sustainability concerns, Indonesia
continues using it for domestic flights, which are not subject tonatidnalsustainabilitystandards.

He stated that future workshops will continue rotating among ASEédhomiesand that funding
remains a significant barrier to SAF implementation. Feedstock availability is another issue, as current
SAF producers may consume most used cooking oil (UCO). Infrastructure challenges include managing
compliance between domestic anceimiational aviation requirements.

He highlighted the importance of R&D, particularly in developing new feedstocks, and described how
current drafts offhailand's Oil Plan and Alternative Energy Development PdEDP) both support

SAF. He emphasized that Thailand follows EU trends but may delay implementation to avoid passing
high costs to consumers. He explained the SAF development mechanism in Thailand, which is
structured under the Thailand Climate Change Comnattedts subcommittee on climate policy.

Dr Nuwong mentioned that Thailand is also studying IS@Gustainability criteria and working with
the Federation of Thai Industri@STI) to gather accurate CO2 emission data for ethanol, palm oil, and
UCO in the Thai context.

On the topic of duels, he noted that his research organization supports hydrogen as a key component.
He mentioned the different carbon intensities of hydrogen and that although much-bf¢heesearch
is proprietary, feasibility studies are underway.

He also described ongoing biogas projects in Thailand, where agricultural residues and animal manure
are used to produce methane, which can be reformed into hydrogen. He highlighted projects by
companies such as Toyota and CP Group, aiming to capturenadtban waste and convert it into
usable energy.

He concluded by describing biogas treatment and scaling projects designed to creatd¢caenasty
ecosystem. These initiatives aim to support hydrogen production for fufust ese. He ended his
presentation by thanking the audience.

Q&A Session Summary

Question
1 How can SAF (Sustainable Aviation Fuel) development be moved into actionable progress?
i Referred to Dr Nuwongds emphasis on expandin
chains.
1 Asked how governments and industries can work together to reduce-fBAFfgoduction
costs while ensuring scalability and sustainability.
1 Specific followup questions:
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o Caninvestments in green hydrogen reduce production costs?
o What | essons can be |l earned from Koreads
o Should partnerships or subsidies be established to support SAF infrastructure?
Answer: Dr Nuwong Chollacoop
1 Economies of scale are essential to lowering SAF costs.
1 Governments should stimulate demand so private investors will supply accordingly.
1 Alcohol-to-jet pathways are more expensive but offer cleaner potential and greater availability.
f Transition mechanisms must be carefully des
reduction strategies.
Answer: Mr Kittiphong Limsuwannarot
1 Investment decisions vary significantly across companies.
1 Example: Bangchak investddSD300 million in SAF, benefiting from existing hydrogen
resources; standalone SAF plants co$8526 more.
SAF is viewed as a highalue product, unlike commaodity biofuels.
Large investment requirements are a major barrier; economic justification depends-on long
term internal business perspectives.
Answer: Dr Hyunyoung Oh
1 Airlines are hesitant due to SARigh cos}.
1 Korea may establish a SAF support scheme funded through environmental charges added to
airfare® allowing money to flow from consumers to airlines and then to fuel producers.
Answer: Another Male Participant
1T Compared SAF to Thailandés bioplastics: cons
resist paying more.
Biofuel oversupply in Thailand resulted from overly optimistic demand forecasts.
While SAF is more expensive, airline passengers may accept price increases due to convenience
and willingness to pay.
1 Unlike biofuels, SAF costs can be more easily passed on to consumers through airlines.
Answer: Mr Chua Wei Jun
1 The main cost driver for SAF is used cooking oil collection, accounting fid0P@ of total
cost.
1 Government models:
o EU: Passes cost to consumers, minimal subsidies.
o Singapore: Central procurement and a SAF levy on passengers via CAAS.
1 Advocated for a fair, transparent pricing mechanism to prevent vendor price inconsistencies.
1 Airlines are interested in SAF but need clarity and consistency in pricing.

il
il

f
f

Question Mr Glen Sweetham
1 Are blending limits for SAF technical or cedtiven?
Answer: Multiple Participants
Biodiesel blending in cars is technically limited but poldyen.
SAF currently has an ASTM limit of 50% due to aromatic content.
Future technologies like methartoljet could enable 100% SAF.
Initial blends of 12% are used to introduce higher costs gradually and test logistics.
SAF pricing will eventually be compared against carbon tax levels to justify economic
feasibility.

=A =4 -4 -4 =9

Question
1 Which feedstock is cheapest among HEFA, ATJ, and used cooking oil?
Answer: Mr Chua Wei Jun
1 Used cooking oil is currently the cheapest feedstock.
1 Palm oil is expensive due to market conditions and has a lower GHG reduction score.
1 The industry is beginning to focus on cost of abatement, not just SAF type, to evaluate carbon
reduction effectiveness.
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Closing Remarks by Moderator. Mr Thanan Marukatat
f  The moderator thanked all speakers and highlighted the depth and relevance of the discussion.
1 Applause acknowledged shared insights on SAF implementation, policy, economics, and
technical pathways.

7. Session 3. iDecarbonization in Power Sector
Session Moderator:
Mr Glen Sweetnam,Senior Vice President, APERC

Session3l

fiBiofuel : Co-firing Application and Pathway to Sustainable Decarbonization in Mae Moh Smart
City"

Ms Ornnicha Phalino, Chief of Fuel Development Department, Fuel Engineering Division,
Electricity Generating Authority of Thailand (EGAT), Thailand

Ms Ornnicha Phalino began by expressing appreciation to the APEC Symposium organizers for providing
a platform to share knowledge and innovation. Representing EGAT, she presented a biofuel profiling
application and a pathway to sustainable decarbonizatithe iMae Moh Smart City, outlining EGAT
commitment to a lovearbon and sustainable energy future for Thailand.

She explained that as a signatory of the Paris Agreement, Thailand is committed to reducing carbon
emissions and transitioning to a lmarbon economy. This includes achieving a 30% to 40% reduction

in greenhouse gas emissions by 2030, reaching carboralitguiy 2050, and netero emissions by

2065.

Under Thailandds National Energy Pl an, the gove
efficiency improvement, and 30% electric vehicle penetration by 2030. EGAT aligns its work with this
domesticst r ategy by following a ATriple S0 approach:

1 Source transformation: EGAT is increasing the use of renewable energy and modernizing
power plants with technologies like hyeiloating solar hybrids combined with battery energy
storage systems.

1 Sink cocreation: EGAT is exploring carbon capture, utilization, and storage technologies;
promoting greenhouse gas reduction mechanisms; and supporting electric vehicle infrastructure,
including EV charging stations

1 Support measures mechanidBuilding strong support mechanisms to ensure the transition is
feasible and effective.

Thail andds total el ectr i cMW,withdeGATeperating powerptaatp aci t vy
contributing around 16,200W. EGAT also procures electricity from Independent Power Producers
(IPPs), Small Power Producers (SPPs), and through imports from Laos and Malaysia.

EGAT focuses on maintaining a balanced and sustainable energy mix by investing in hydropower,
floating solar, pumped storage hydropower, battery storage, and wind turbines. Additionally, EGAT is
exploring other renewable energy sources like biomass amddgmlto strengthen energy security and
diversify the clean energy portfolio.

Electricity is generated by 53 EGAdperated power plants. These include 3 thermal power plants, 6
combinedcycle plants, 30 hydropower plants, and 10 renewable energy plants (including wind, solar,
and pumped storage hydropower). She focused specifaallige Mae Moh Power Plant in Northern
Thailand, which operates cefided units (Unit 8 14) with a capacity of 2,488W. This plant supplies
electricity to Lampang, Chiang Mai, Lamphun, and Mae Hong Son provinces, supporting economic
growth in the northerregion. The cost of electricity generation at Mae Moh is lessTRE? per unit,

which helps reduce the average electricity cost for consumers.

She emphasized that decarbonization remains a major challenge and identified renewable energy as a
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promising alternative to fossil fuels. EGAT is studying biomass integration into its operations as a path
toward sustainable decarbonization, starting with 5% biomaBsmpin 2026, increasing to 15%, and
eventually reaching 100% biomass usage.

For context, she provided the following comparison: aMBB0coal plant requires 1.69 million tons of

l'ignite and emits 2.1 million tons of CO . Switc
80,000 tons and cut CcoO emi ssions by 100,000 to
require 1.3 mililm t ons of biomass and would result in ze

the environmental benefits and the importance of a sustainable biomass supply chain to meet carbon
neutrality goals.

Initial findings indicate that less than 5% biomassgigog requires no major modification to existing
equipment, helping minimize development costs. New infrastructure required includes biomass
unloading areas, storage domes, conveyor systems, andsbianiging stations. EGAT plans to
implement 5% cdiring at three power units, generating approximatelM®0of green electricity and
requiring about 260,000 tons of biomass pellets annually.

She described EGAfhree strategies for sourcing sustainable biomass:
1. Growing treeg Partnering with organizations to cultivate fgsbwing tree species.
2. Agricultural residues Purchasing crop residues from local communities to reduce open
burning and increase rural income.
3. Wood pelletsi Procuring highguality pellets from reliable partners that meet international
sustainability standards and avoid deforestation.

The biomass initiative delivers several benefits:

Environmental Reducing carbon emissions and converting waste into energy.

Economici Generating income for farmers, creating jobs, and supporting local economies.

Energy security Ensuring stable and renewable energy supplies.

Community engagemeitStrengthening rural communities and fostering collaboration.

Policy alignmeni Supporting Thailandds renewabl e enerc
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In conclusion, Ms Ornnicha Phalino emphasized the success factors for biomass implementation at Mae
Moh Smart City: a reliable biomass supply, technological feasibility for integration, economic viability,
measurabl e CO reduct i em,andgdlicy and gegutatorynsuppaort. EGAT e n g a ¢
is committed to transforming Mae Moh into a clean energy hub and realizing its Smart City vision as
part of Thailandbs sustainable energy future.

Session32

ABi ohydrogeno

Ms Alice Li, Senior Technical Consultant, DR Biomass Development (HK) Limited, Hong Kong,
China

Ms Alice Li welcomed everyone and introduced her presentation titled "Exploration and Experience of
Bioenergy." She outlined four key parts in her presentation, beginning with the development and trends
in bioenergy.

Ms Li opened by addressing why biomass utilization is important and how it can be converted into
bioenergy. She noted that bioenergy is the fourth largest energy source and a critical tool for
decarbonization during the energy transition. With the cugkniial challenges such as the energy
crisis, ecological degradation, and food shortages, all stemming from fossil fuel combustion, she
emphasized the value of biomass as an alternative.

She defined biomass as including plants, agricultural waste, and food waste, and described how

converting this biomass into bioenergy forms such as biodiesel, bioethanol, renewable electricity,
biomethane, and renewable methanol could help address endrggaogical issues while promoting
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food security.

Ms Li then explained the current development status of bioenergy across different regions. She used a
chart to show how economies utilize different biomass sources. For example, the EU primarily uses
silage for biogas and biomethane, the US uses coriofethlanol, and Brazil uses sugarcane. In contrast,
China uses abandoned crop straw to generate renewable electricity, focusingfoadnbiomass.
Biodiesel is also widely used globally.

Next, MsLi discussed various conversion technologies for turning biomass into bioenergy, including
direct combustion, gasification, anaerobic fermentation, and pyrolysis. She expressed a preference for
anaerobic fermentation due to its biological breakdown ahbgs in oxygeifree environments. She
explained that the choice of technology depends on the raw material and regional characteristics but
cautioned that land usage must prioritize food over energy.

She illustrated the anaerobic fermentation process through a diagram, highlighting an industrial biogas
plant at the center. Various biomass inputs such as crop straw (dry), manure (wet), food and kitchen
waste, and industrial wastewater are used. The pladluces biogas, bioresidue, and slurry. Biogas

can be separated into biomethane and CO2, with biomethane further processed into liquefied
biomethane. The CO2 can be combined with green hydrogen, derived from water electrolysis using
renewable energy, tproduce renewable methanol-rteethanol). The process can also support
sustainable aviation fuel (SAF) production.

Ms Li then moved to her second section on bioenergy manufacturing, starting with biomass collection,
transportation, and storage. She shared images ofdaade straw collection, manure transport, and
wastewater storage in China. She emphasized thefale intelligent online platform in managing
these operations.

She discussed biomass crushing and pretreatment to improve efficiency and flexibility. She showcased
a multifunctional automatic crushing system and a Jeifficiency pretreatment system, including
components like automatic unpacking, straw shaving, dlelgoShe explained that pgstetreatment,

two fermentation options exist: seqliy anaerobic fermentation, suitable for dry biomass in North
China and North America, and wet fermentation, used in South China and South Asia.

Ms Li elaborated on the poeftrmentation processes, including drying biogas residue and high
temperature gasification to produce syngas, which can be upgraded into renewable methanol and SAF.

She also mentioned the application of biogas slurry in integrated water and fertilizer systems. She
stressed that biogas, when fully utilized, can yield diverse energy products and reduce fossil fuel
dependency.

Shedescribé biogas separation and purification equipment. From this equipment, biomethane and
carbon dioxide are obtained. The biomethane can then be upgraded to liquefied biomethane. In addition,
when renewable electricitis used to carry out the water electrolysis process and produce green
hydrogen, this hydrogen can be combined with the carbon dioxide captured from the equipment to
produce emethanol, and even SAF.

Ms Li offered development suggestions for the AB&cific region. She noted that the region has rich
biomass resources and great potential for anaerobic fermentation techn®&ogresmiedike Hong
Kong, ChinaandSingaporeare developing supply chains for green methanol and SAF.

She outlined Hong Kong, Chinabds strategic plan
center. She cited recent government policy speeches and an action plan released in November that detail
the development of SAF and green fuel supply chains. glan includes establishing Hong Kong,

China as a green fuel trading center and creating a roadmap for@adeoa, multifuel strategy.
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Finally, Ms Li presented case studies from DR Biomass. Headquartered in Hong Kong, China, DR
Biomass focuses on bioenergy production through anaerobic fermentation. The company operates five
biogas plants in North China and one in the South. Its goal isntavate sustainable bioenergy
technologies and recycle agricultural waste.

She shared details of a project in South China that has operated at high capacity for three years,
processing 190,000 tons of organic waste from
applicability to the AsigPacific region.

She also discussed a unique project in North China that uses dry corn stalk as the sole biomass source
in extremely cold conditions. DR Biomass developed original technology to ensure staldadull
production. This project is currently the only onehia world that uses dry straw exclusively to produce
biogas on a large scale.

She concluded by stating that regions rich in biomass can achievestatgebioenergy production
using DRB i o maamagrobg fermentation technology.

Session33
fiContribution to Carbon Neutral Society by Biomass use in Codiired Boiler o
-Ailntroduction of | demitsu Green Energy Pelleto

Mr Naotsugu Otani, Deputy General Manager, Environment & Biomass Coal and Energy
Solution Department, Idemitsu Kosan Co., Ltd., Japan

Mr Naotsugu Otani expressed his gratitude for the opportunity to speak at the symposium and introduced
Idemitsu's business activities related to carbon neutrality. He clarified that although Idemitsu is not a
power sector company, it is an energy compamwplived in supplying coal and biomass to power
companies in Japan. His presentation focused on solid biomass fuel, specifically 'black pellet,’ as a coal
replacement.

Mr Otani provided a brief history of Idemitsu, noting that the company was founded by Sazo Idemitsu
and has over 110 years of history. Located -anirffute walk from Tokyo Station, the company has a
30% share in Japan's petroleum market and holds the tdyetnshare for jet fuel. He mentioned
colleagues who work on fuel supply for airlines such as JAL and ANA.

He explained that while Idemitsu has been involved in coal business for over 40 years, over 90% of its
profits stildl come from fossil fuel s, necessitat
resource business segment, where Mr Otani wedlis, approximately 12 million tons of coal annually,

which is about 10% of Japan's total thermal coal usage.

Mr Otani noted that Idemitsu manages the coal supply chain from Australian mines to Japanese customers.
Previously, Idemitsu operated four coal mines in Australia and held minor equity in two Indonesian mines,
but now only operates one mine in New Southle&/aThe company also has a unique -foalised
laboratory in Japan, which is now expanding its research to include biomass and ammonia.

Mr Otani emphasized that Idemitsu is pursuing an environmentally friendly coal business by extracting
high-grade coal with high calorific value and low ash content, and by offering technical consulting for
coal handling and combustion. He mentioned a pobdamed ULTY, which reduces boiler fuel
consumption by approximately 1% and is already installed in over 100 units.

Turning to the core of his presentation, Mr Otani discussed the use of black pellet for bioffivitsg co

in coal boilers. He presented a table comparing typical biomass fuels and highlighted black pellet as the
most efficient and realistic option for usepulverized boilers. Unlike other fuels or ammonia, black
pellet requires minimal modifications to existing coal facilities.

He showed an image demonstrating black pellet's waterproof property, which allows for outdoor storage
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without silos, unlike white pellets. He summarized three main advantages of black pellet: higher
calorific value, better grindability for pulverized boilers, and waterproof characteristics. These
properties enable black pellet to be handled similarly &. co

Mr Otani explained the production process of black pellet, stating that their first commercial plant in
Viet Nam uses a method that transforms white pellet into black pellet within 30 minutes using gas
generated from the process itself, without requiring fossil fuels.

He described the efiring test process, where black pellet is mixed with coal and processed through the
usual coal handling system. It took two weeks to achieve 20fitimg at an existing plant. He noted

that similar tests have been successfully conducted at 20 powes ptahtfactories, with positive
feedback.

The first commercial black pellet plant is located in Qui Nhon, Mea, and will begin operations by

the end of the month. It is one of Southeast Asia's largest commercial black pellet plants. Mr Otani
acknowledged delays due to technical challenges, permit issues, and -QO@VHlt expressed
satisfaction in completing thdamt.

The product is named Idemitsu Green Energy Pellet to avoid negative connotations of the word "black."
The plant employs seven Japanese and around 150 local staff. Japanese coal users have shown strong
interest in the product, and the plant will begin pdg 120,000 tons annually.

Mr Otani stated that Idemitsu is seeking business partners in Southeast Asia to supply woody
agricultural residues to increase production. A
their coal sales, the goal is to reach 3 million tons aflbfzellet annually. He mentioned that relying

solely on woody biomass is limiting, and thus they are exploring agricultural residues and grass
plantations such as sorghum in Australia and empty fruit bunches in Malaysia.

He introduced the Japan Black Pellet Forum, organized by Idemitsu, which has members consuming
75 million tons of coal annually. The forum targets 20% to 30% replacement of coal with black pellet
by 2030.

Mr Otani concluded by emphasizing that Idemitsu Green Energy Pellet is a realistic and efficient
solution for reducing CO2 emissions. He reiterated the plan to expand production to 3 million tons and
noted the alignment with Sustainable Development G&I5E). He thanked the audience for their
attention.

Session34

iDecarbonization in Power Sector by Biomass and
Ms Anna Mikko G. Realo, Officer-in-Charge, Biomass Energy Management Division, Renewable

Energy Management BureauDepartment of Energy (DOE), the Philippines

Ms Realo began her presentation by expressing her gratitude to APEC and the Ministry of Energy of
Thailand for organizing the symposium and providing her with the opportunity to present on the topic
of decarbonization in the power sector through bioma#sihilippines.

She explained that the Philippines has enacted two landmark legislations to promote the development
and utilization of bioenergy: Republic Act 9367, known as the Biofuels Act of 2006, and Republic Act
9513, known as the Renewable Energy Act of 2008. Biettep of legislation share common objectives,
including ensuring energy security, reducing dependency on imported fossil fuels, and protecting the
environment by mitigating toxic emissions such as greenhouse gases.

In alignment with the Renewable Energy Act, the Department of Energy in the Philippines developed

the National Renewable Energy Program (NREP), which outlines the policies and initiatives necessary
to accelerate the deployment of renewable energy iedbromy This program spans from 2020 to
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2040 and targets a 35% renewable energy share in the power generation mix by 2030, increasing to
50% by 2040. The overarching goal is to transition away from fossil fuels and establish renewable
energy as the primary source of power.

She provided an update on the development and utilization of biomass energy for power generation in
the Philippines. Citing a USAID resource assessment study, Ms Realo stated guainth@emyhas a
biomass power generation potential of approximately 4AX9If fully harnessed, this potential could

result in a reduction of approximately 17 million tons of carbon dioxide emissions. Currently, however,
only 59IMW are under commercial operation, which accounts for just 13% ofdtbieomyp s t ot al
biomass potetral capacity. This indicates a substantial amount of untapped potential.

The biomass industry in the Philippines has grown since the enactment of the Renewable Energy Act,
with 59IMW of new capacity added and now operating commercially. A significant increase in
installations occurred in 2019, driven by the féedariff system that guarantees a fixed rate per
kilowatt-hour for electricity generated from eligible biomass facilitidse investment value of these
projects is estimated at approximately 38.10 billion pesos or USD1.8 billion, with an associated
reduction of 2.2 milon tons of CO2 equivalent emissions recorded between 2019 and 2022.

According to the 2023 power statistics report, coal remains dominant in the power mix, accounting for
approximately 62%, while renewable energy contributes around 22%. Biomass has a 1.19% share,
generating roughly 1,409GWh and avoiding about 0.56 milbos bf CO2 emissions.

Ms Realo shared data on registered biomass projects categorized by feedstock. The total installed
capacity of biomass power plants, including both-gadnected and selfse systems, is approximately
774.6MW. Of this, 18MW are allocated for ownse or selconsumption. Biomass feedstocks
include bagasse, rice husk, biogas, cocoa waste, municipal solid waste, Napier grass, empty fruit
bunches, and sugarcane trash.

Currently, there are 37 biomass power generation projects in commercial operation and 18u®e own
applications. Additionally, two projects are dedicated to-power applications such as refisberived
fuel production and thermal energy generation.

She presented the feppint strategy of the Philippise®epartment of Energy for energy transition,

which aligns with global efforts to decarbonize the power sector. One of the strategic priorities is to
accelerate the deployment of renewable energy projects and clean energy technologies. The objective
is to reach 35% renewable energy in electricity generation by 2030 and 50% by 2040.

To support this transition, there is also a need to modernize and expawbtioenp s t r ans mi s
systems to accommodate increased renewable energy capacity. Offshore wind technology is being
considered a frontrunner in achieving the NREP targets. Infrastructure development, such as port
facilities for offshore wind and other marine eye projects, is therefore prioritized. The Department

also advocates for the voluntary early decommissioning and repurposing of existifigecopbwer

plants, with biomass cefiring seen as a viable alternative. This entails modifying existing coal boilers

to use biomass either exclusively or alongside coal.

She included updates on wasteenergy initiatives, which are part of the Biomass Energy for Power
sector. According to Section 30 of the Renewable Energy Act, the Department supports the adoption of
wasteto-energy technologies, provided that toxic emaiss are controlled through advanced emission
capture and monitoring systems.

As of October 2024, twelve waste-energy projects are registered with the Department, using various
technologies including combustion, gasification, landfill methane capture, anaerobic digestion, RDF
production, and briquette manufacturing. The totahcap includes 149MW of electricity generation,

650 metric tons per day of RDF production, and 30 metric tons per day of briquette production. Of the
twelve projects, six are operational, while the remaining six are under development. Letters of intent
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submitted to the Department indicate an additional 229MW of potential capacity.

She presented a breakdown of the twelve wi@senergy projects registered with the Department. Six
projects are operational, including two utilizing landfill methane capture with a combined capacity of
9.69MW, three producing 650 metric tons of RDF pay,dand one producing 30 metric tons of
briquettes per day.

She mentioned that a WadteEnergy bill is currently pending in the Philippméongress. Both
chambers have draft versions of the bill, which
plenary deliberation is awaited.

Ms Realo identified several challenges facing the expansion of biomass energy in the Philippines. One
major challenge is the availability of biomass feedstock. Agricultural residues, forest residues, and
dedicated energy crops are often seasonal, affeximgjstency and supply reliability. Feedstock such

as rice husk, sugarcane bagasse, and coconut shells fluctuate with harvest cycles, disrupting power plant
operations. Furthermore, competition for feedstock from other industries, such as for aninoal feed
fertilizer, creates supply constraints.

She added that biomass resources are often widely dispersed, complicating collection and increasing
transportation costs. The lack of centralized collection points and efficient transport infrastructure
further hinders logistics. Once collected, biomassl$tock requires proper storage to maintain quality

and avoid spoilage or contamination. Without adequate storage facilities, feedstock can degrade, losing
energy content and reducing power generation efficiency. Inadequate storage also heightersf the risk
seasonal supply imbalance.

She also highlighted the perceived financial risks associated with biomass projects, particularly
concerning feedstock availability. Financial institutions and investors often hesitate to support such
projects due to these uncertainties.

As a way forward, she proposed strategies such as diversifying feedstock sources and conducting
comprehensive resource mapping. Diversifying the types of biomass used can mitigate disruptions
caused by seasonal availability. Resource mapping can helgyidenére and how much biomass is
available and determine competing uses, enabling more informed decisions on prioritizing biomass for
energy without affecting other sectors.

Lastly, she emphasized the importance of building the capacity of financial institutions and exploring
opportunities for green financing.

In her concluding remarks, Ms Realo stated that the Philippines has significant untapped biomass
energy potential, with only around 30% of the estimated 4,449MW currently being utilized. Harnessing
this potential can significantly enhance energy secwsitpport rural development, and help achieve
renewable energy goals. However, overcoming challenges related to feedstock supply, infrastructure,
and financing will require strategic investment and policy support. With the right backing, biomass can
become aubstantial contributor to theconoomys renewable energy portfolio and a crucial element

in global decarbonization and clean energy transition efforts.

Q&A Session Summary

Question Mr Glen Sweetham
1 Bioenergy is often not financially viable without sup@ohiiow much government assistance
do the projects from Chindapanthe PhilippinesandThailandrequire?
1 Are these projects viable independently, or do they depend on concessional financing, subsidies,
or regulations?
1 Can these models be scaled effectively?
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Answer: Ms Ornnicha Phalino

T Thailand is still evaluating biomass electricity pricing to match domestic electricity rates.

1 Biomass electricity increases cost slightly (208aht/kwh), which may be acceptable.

1 Approval depends on competitiveness with-figsd power.

1 Carbon tax on lignite and community compensation could further improve viability.

1 If competitive pricing and carbon costs are addressed, government approval is likely.
Answer: Ms Alice Li

1 Bioenergy receives substantial government support in China for energy and environmental
reasons.
Government assists in collecting biomass (dry straw) from farmers to prevent open burning.
Offers reimbursements and preferential electricity pricing for biomass power.
Company plans to expand to methanol production, which is technically more challenging.
Ongoing policy support exists for biomethanol from both the central government and the Hong
Kong, China government as part of decarbonization strategy.
Answer: Mr Naotsugu Otani

1 Black pellets costySD300/ton, while Australian coal is less than half that price.
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1 Coal users in Japan receive limited subsidies, prompting lobbying efforts.
19 Need to balance subsidies with regulations s
1 Believes market entry for black pellets is possible using both regulatory incentives and
economic measures.
Answer: Ms Anna Mikko G. Realo
1 Government incentives include:
o Fiscal: 10year dutyfree importation, #ear income tax holiday (extendable to 21
years), reduced corporate tax (10% after holiday), VAT exemptions.
o Nonfiscal: Renewable Portfolio Standard requiring utilities to source renewables
(raised to 2.5%), and former feedtariff guaranteeing fixed pricing.
1 New Green Energy Auction Program replaces fieedriff, offering an assured market.
1 Additional benefits: exemption from government sharing fees, full foreign ownership allowed
for biomass projects.
Answer: Mr Glen Sweetnam
1 Noted that projected global biomass growth is only 100% over 40 years.
1 Based on panel insights, suggested higherweald growth potential.
1 Proposed followup with panelists to refine econorsvel projections.
Question Participant from Papua New Guinea
f Can other players participate in the Philippi

1 Are feedin tariff rates different across technologies?
Answer: Ms Anna Mikko G. Realo
1 Feedin tariff rates vary by technology
1 Feedin tariff system is now closed, replaced by the Green Energy Auction Program.
1 Electricity pricing is regulated by the Energy Regulatory Commission, not the Department of
Energy.

Question Dr Kazutomo Irie
1 Does biomass ebiring affect coal ash disposal and exhaust gas quality?
Answer: Mr NaotsuguOtani
f Biomass produces less ash, reducing total ash volume.
1 Ash composition changes, making it unsuitable for certain uses like cement.
1 More longterm operational data is needed, as the commercial plant has just begun operations.
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Comment Male Participant
1 Flexibility in power systems is essential for integrating renewables.
1 Coatto-biomass cdiring is a promising approach.
1 China is adapting coal plants for flexible, lmarbon energy integration.
1 PraisedhePhilippines and Japanese presentations for technical and policy insights.

Closing Remarks by Moderator. Mr Glen Sweetnam
1 Thanked all speakers for their valuable insights.
1 Highlighted the practical lessons for scaling biomass.
f Session concluded with audience applause.

8. Closing Remar ks
Dr Kazutomo Irie, President, APERC

At the end of the meeting of the APEC Symposium on Bioenergy, Dr Kazutomo Irie extended his
deepest appreciation to all the speakers, moderators, and active participants on behalf of the Asia Pacific
Energy Research Centre, ARE, and the Ministry of Energy of Thailand, the symposium organizer.

He noted that it was beyond his capacity to summarize the rich and multifaceted contents of the one
day meeting. However, he stated that the meeting was as informative and encouragfirmgeor
pursuing decarbonizatn, ultimately aiming for carbon neutrality, as he had hoped it would be when

the symposium series was first proposed.

He announced that the participants would visit a bioethanol plant the following day to gain firsthand
knowledge of bioenergy production. He expressed his gratitude to Mitr Phol Biofuel Company Limited
for accepting the site visit. He thanked everyone ageén for their kind participation and contributions.

He then declared that this part of the symposium meeting was adjourned.

9. Site Visit

The Mitr PholSugar and Ethanol Plants in Phu Khiew were selected as the site visit |dddttidthol
was ranked as the 4th largest sugar producer in the world in 2023, and 2nd imt#Ot8mplex is a
fully integrated facility comprising a sugar mill, ethanol plant, biomass power plant, and fertilizer plant.

Approximately 40 guests were welcomed and gathered in the Phu Lan Kha &Rtemthe welcome
speech by Mr Thanyavee Pongsricharoensuk, Managing Director of the Ethanol Business, four
presentations were delivered, providing an overview of Mitr Phol Phu Khiew Park, as follows:

" Presentation on the Mitr Phol Group and Mitr Phol Phu Khiew Park introductory video

" Presentation on the Sugarcane Farm, Sugar Factory, and Electricity Business

" Presentation on the Ethanol Business

" Presentation on the Mitr Phol Innovation and Research Center, followed by a Q&A session

After the presentations, participants joined a site tour, followed by I[lraticipants experienced
practical applications and case studies at a cugtifige siteThe site visit was essential for participants
to deepen their understanding
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Appendi gAnda

AAPECSYy mposi um on Bi oen

- APEC 3rd Sectoral Symposium for Energy Transitien
Agenda

Date: 3-4 December 2024
Venue:Orchid Ballroom (2F), Pullman Khon Kaen Raja Orchid Hotel, Khon Kaen, Thailand
Format: Inperson meeting

Day 1: 3 December 2024
Symposium

9:00-9:30

Registration

9:30-10:15 Welcome Speech:

-Mr Waranon Chansiri , Executive Director, Ministry of Energy, Thailand
Opening Remarks:

-Mr Siriwat Pinijpanich , the Vice Governor of Khon Kaen Province, Thailand
Opening Remarks:

-Dr Kazutomo Irie, President, Asia Pacific Energy Research Centre (APERC)

10:15- 10:25 Keynote Speech:
-Mr Yoshiomi Yoshino, Director for International Policy on Carbon Neutrality, Minisi
of Economy, Trade and Industry, Japan

10:25- 10:40 Scene Settingi Out | ook f or Bioenergy in APEC:
-Mr_Glen Sweetnam Senior Vice President, APERC
10:40- 10:55 Group photo
Coffee break
Session 1. ABiodiesel and Bioethanol: Opportun
i1 Biodiesel

f Bioethanol

Session Moderator:Dr Ruengsak Thitiratsakul, Petroleum and Energy Institute
10:55- 12:05 Thailand (PEIT)

(70 min) "Thailand Latest Policy to Promote Bioenergyt Natikorn Prakobboon, Department of]
15 min/speaker | Alternative Energy Development and Efficien®EDE), Ministry of Energy, Thailand
iBi oenergy i n Chi n-BrsGhia-Gha Charg,i Taivean Biceregy
Technology Development Association, Chinese Taipei

iMal aysi a's Bi of uéNMrN@&iaat khusteairi Din Mghantad Zamgrt,
Head of National Project & Technical Advisor for Global Wildlife Program (GV
Malaysia. UNDP Malaysia

12:05- 12:25 Discussion and Q&A
12:25- 13:35 Lunch (Room: Chat Tan: 1F)
(70 min)
Session 2. ASynthetic Biofuels: Opportunities
I Sustainable Aviation Fuel: SAF
1 E-fuel
13:351 14:45 Session ModeratorMr Thanan Marukatat , Research Fellow, APERC
(70 min)
15 min/speaker ASAF initiatives and potential: Thail
-Mr Kittiphong Limsuwannarot, Chief Executive Officer and President, BBGI P
Thailand
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iSAF 4 ma IMe €hua Wei Jun, Biofuels Analyst, S & P Global Commodit
Insights, Singapore

ABi of uel s an d DSHydhyoing OhK AssoeiateOResearch Fellow, Kor
Energy Economics Institute (KEEI), Korea

i SAF -& o dilDsNuwong Chollacoop Research Group Director, National Enet
Technology Center, Thailand

14:451 15:05

Discussion and Q&A

15:051 15:20

Coffee break

Session

3. fADecarbonization in Power Sector by

15:201 16:30
(70 min)
15 min/speaker

Session ModeratorMr Glen Sweetnam,Senior Vice President, APERC

i Bi o fCofeihg Application and Pathway to Sustainable Decarbonization in Mae
Smart City" -Ms Ornnicha Phalino, Chief of Fuel Development Department, F{
Engineering DivisionElectricity Generating Authority of Thailand (EGAT)hailand

fi Bi ohy dMsdlgceln 8enior Technical Consultant, DR Biomass Development (
Limited, Hong Kong, China

AContribution t o Car bon Neut r-fail r eSlo c-B
filntroduction of I demitsu Green Energ
Mr Naotsugu Otani, Deputy General Manager, Environment & Biom&3sal and Energy
Solution Department, ldemitsu Kosan Co., Ltd., Japan

fiDecarbonization in Power Sector by-M8
Anna Mikko G. Realo, Officer-in-Charge, Biomass Energy Management Divisi
Renewable Energy Management Burdaepartment of Energy (DOEThe Philippines

16:3071 16:50 Discussion and Q&A
16:5071 16:55 Closing Remarks
Dr Kazutomo Irie, President, APERC
Day 1. 3 December 2024
Reception Dinner
18:00 20:00 Reception Dinner(See Na Nuan Cafe)
Day 2: 4 December 2024
Site Visit
8:15713:30 Site Visit:

Mitr Phol Biofuel Co., Ltd.
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SessHqlo™nThai l and

Dr Natikorn Prakobboon

Bioethanol and biodiesel: Opportunities &

Challenges and recent developments

Latest

By
Natikorn Prakobboon, Ph.D.

Department of Alternative Energy Development and Efficiency (DEDE)
Ministry of Energy, THAILAND

3 Dec. 2024
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Bioethanol production

Installed capacity Actual production
Feedstock Year %
(ML/day) (ML/day)
2020 3,88 2.65 68
2021 4.59 227 62
Molasses
2022 4.59 264 63
2023 4.59 2.39 67
2020 209 1.39 32
2021 232 137 38
Cassava
2022 232 1.45 37
2023 232 1.19 33

Remarks: 1. This is the average biosthanol production in each year.
2 In 2023, the available data is only from Jan to July.

Sources - DOEB, Compiled by DEDE

Big challenges

Oil fund

The Oil Fund of Thailand has been
established to stabilize domestic
fuel prices and promoted biofuel
recently.

Electric vehicles

The 30@30 policy stipulates that Thailand must boost
2030.

capacity of issi

vehicles, or EVs, by 30% by
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Policy to Promote Bioen

Dapartment of Alternative
Energy Development and Efficiency
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Bioet I pro lants

Installed Capacity
(ML/day)

Feedstock No. of plants

Current bioethanol
Production Plant

* 11Molasses

9 10 Cassava/Starch

A 7 Hybrid

Sources - DEDE
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by B B ety Bioethanol use dly S B e ey Bioethanol export

Pharmaceutical products Pharmaceutical products

Year Hand sanitizer Alcohol spay Year Ethanol (litre)

2020 41,549,783 236,913 2020 304,000

2021 24,009,610 515,052 2021 =

2022 12,873,335 777,600 2022 21,000

2023 1,001,310 91,350 \itre 2023 2,540,310
4 058252 "

Total 79,434,039 1,620,916 2 Total 2,865,310

‘Sources - Excise department ‘
p &~ E 4

NAIRARILIWAIO UG UNL
By Bveionimans and Etfictarcy i uazoyTwdaam Bioethanol 2022 - 2037
&) minisTaRY OF EN‘:HBY BloethanOI fUture ASENTIIWAINTU _

MLPD.
90 doyamamsni 2 Scenario Aa E20 / E10 tuwudugnudoud 2570 iuduly
Pharmaceutical products Sapuiy
SAF 80 eassMPD
- Isopropyl alcohol .
- Ethanol to jet 70
«© onsumsswn]
Taunsou
50
40 .
30
20
10
00
265 2566 2567 2568 2569 2570 ST 257 2573 274 2% 296 287 %W 2819 2580

- SAF(AU) |ind Grade  EENE Bioethylens -~ capacity
Bio plastics
- Bio PE (Bio Poly Ethylene)

Remarks: 1. This forecast is based on Oil Plan 2024.
2. The mixture of SAF and jet fuel is 3% 2030-2032, 5% 2033-2035 and 8% 2036-2037
4. The demand of ethanol usage in the industries in 2026-2030 comes from ethanol producers association, In 2031 from excise department.

Dupartmant of Alarnative
Energy Jopment and Efficiency

) minsTRY OF ENERGY

Biodiesel production capacity oy B B i Biodiesel Consumption policy

i Capacty 5
Rayong o 1234320 B =i g
-mmcmmmmumwcmwvumm oy r e é : o s %
[0 NEW BIODIESEL €O, . Suat Thani @0 1300000 5l == g
[0 BIOSYNERGY COMPANY LIMITED Nakhon Ratchasims @0,uco 30,000 3 o0 §
{0001 THANACHOK OIL LIGHT COMPANY LIMITED Samut Sakhon €P0, UCO RBDPO 300000 g oo E
£ 1| GLOBAL BIO POWER CO, LTD. Rayong. RBDPO, Palm Stearine 400,000 g 0.00 100 %
IR 56 i oy Ui 1 0 Ol S 100000 S| W e e e Sy W w0 b
[ | ENERGY ABSOLUTE PUBLIC COMPANY LIVITED Prachin Burl. CPO, RBOPO, Palm Stearine 650000 o ;
£ patum Vegetable 01 PathumThanl PO, RBDPO, Palm Starine 3,400,000 sote - sansepin 026 Sources - DOEB

1| MATTER OIL SYNERGY CO, LTD. Chumphon 'RBOPO,Palm Sterine 200,000

100 Tang Pamoil 0, T Tang PO, RBDPO, Pam Searine 150000 :‘;‘:s ‘B‘;" g

11 SUKSOMBOON ENERGY COMPANY LIMITED Chonburi PO, RBOPO, Pam Stearine 450000 . o= el @
{71 CRCULAR ENERGY CO,, TD. Pathum Thanl ~ CPO, RBDPO, Palm Stearine. 600,000 optien) (option)
E0 Aenergy pany limited Samut Sakhon RBDPO,Palm Stearine, PFAD. mm foption)

111 VERASUWAN COMPANY LIMITED. Samut Sakhon RBOPO,Palm Stearine PFAD 200,000 S 561 I

plex wany Iimited 330000

During increased palm oil price , July 2024 — 4 Nov 2024 leading to adjustment in blending ratios. The energy Policy
Administration Committee adjust biodiesel blend ratio in diesel to BS since 21 Nov.2024

~ Sources - DEDE
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Y Nrdvmsadoctuenedl Challenges and Obstacles in Promotion Biodiesel dly F e e sy AEDP 2024 (Draft)

% The 30@30 policy ,boosting manufacture capacity of zero-emission vehicles or \ / Pedemiee i

EVs, effect on declined biodiesel consumption . -‘—.H [ B

70.0 8.0
< The Fuel Fund Act, B.E. 2562 (2019), Section 55, cancel subsidy for fuels 0.0
blended with biofuels starting from 2027 onward. @ s0.0

<+ The National Environment Board's resolution on July 20, 2020, to enforce 0.0
Euro 5 emissions standard starting January 1, 2024, to address PM2.5
air pollution. Currently, vehicle manufacturers accept biodiesel blending

less than 7% in Euro 5 standard diesel.

200

2022 2023 2024 2025 2026 2027 2028 2020 2030 2031 2032 2033 203a 2035 2036 2037

—Diesel i Biodiesel
Remarks: 1. This forecast is based on the DOEB's National Plan study in 2022
2.In 2024 B Euro 5 will be the fundamental petrol nationwide. -

3. The forecast s including the shift mode plan, saving enesgy plan and 30830 policy
4. Biodiesel target (B7 Euro 5) = 2.06 ML/day @ 2037

¢ The high palm oil production costs , due to low yield (ton/rai) and low oil
extraction rate, affect competitiveness in the global market for crude palm
oil and downstream industries.

13 | 14

By B B et Measure and implement By SR B ey Measure and implement (cont.)

0 Mandate B7 Euro5 , this is the maximum blend ratio currently approved by automobile manufacturers. @ )’. ’(:( o =
Consider increasing the blend ratio above 7% when automobile manufacturers approve its use. 6 3@@%-.«* Q Support and promote High value added product
o] THlEdl A« of palm , such as Sustainable Aviation Fuel (SAF),
0 Supply Chain Management with relevant agencies to ensure that palm oil stock levels do not negatively Bi Diesel (HEFA toJet fuel)  Bio-Transformer oil Bio-Hydrogenated Diesel (BHD), and Bio
impact the oil palm price and use this data to estimate an appropriate biodiesel blend ratio. (8HD) Transformer Oll, following the guidelines of the
('r"' working group on new businesses to support the
0 Develop high-quality oil palms with relevant agencies. Currently, the Department of Internal Trade has s 4 X ye » energy transition by the Department of Energy
enacted regulations to set standards for purchasing high-quality ml palm fruits. This includes promotion Business (DOEB). And support the use of palm oil
Roundtable on Sustainable Palm Oil (RSPO) to enhance the col of the biodiesel and downstream Base oil Methyl Ester Sulfonate (MES) in other industries , especially the eight targeted
industries,. % — ical products as app! d by the

lw.v 3 aye ""l Subcommmeeon Enhancing Competitiveness in

the Oil Palm and Palm Oil Industry and the
National Oil Palm Policy Committee.

Bio Lubricants Paraffin

Pesticides/Insecticides and Creases

epartment of Altarnative
Erry Devalopimant. and Efficiancy

) minsTRY OF ENERGY

THANK YQU FOR YOUR KIND ATTENTION

E-mail : Natikorn_p@dede.go.th
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Development and Current Situation
of Bio-fuel in Chinese Taipei

Dr. Chia-Chi Chang

Taiwan Bio-energy Technology Development Association

Dec, 3th, 2024

Bio-Energy and Human History

« Traditional bioenergy vs. modern bioenergy

==
Biogas: produced by anaerobic digestion from
landfills, food waste, manure, wastewater,
sludge, etc.
S75% 42.5%
Traditional Modern
£ loma: “bi + Bioalcohol *SAF
Bioongigy bisabargy . Biodiesel  *HVO
Housetiold heating !1: Central
lllumination heating
Cooking E Industrial Solid =)
heating olid biofuel: frm agricultural and forestry
Buming charcoal, agricultural . residual
and forestry waste, and animal Transportation + Waste fuel: Municipal solid waste(MSW),
manure Bowar. i ial waste i i E

Source: Chung: Hua Institution for Economic Research (CIER), 2018,

OUTLINE

*Renewable Energy Policy in Chinese Taipei

Chi

nese Taipei and Asi ao

OUTLINE

*Introduction

Bioenergy Conversion Pathway

« Liquid biofuels are mainly used in (
transportation as alternative fuels to
replace fossil fuels.

« Biofuels can be produced from a large
variety of biomass feedstocks.

« In the case of transport biofuels, a
number of production technologies
have reached maturity and are widely
deployed. These so-called established
biofuels include

+ Ethanol from sugar and starch crops,
« Biodiesel from triglycerides and lipids
FAME),

[ srocssTING )—‘

=

o )= (= )=

e ——

0 e

e
S -

+ Hydrogenated triglycerides and lipids
(HVO),

ik~ m

« Biomethane from upgrading of
anaerobic digestion biogas.
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Sourca: EA Bioansrgy, BIDENERGY REVIEW 2022 How biasaeray conirbutes 0 a sustainabio future  2023).

2050 Net-Zero Emissions Plan

* Regulatory goals of each phase on a 5-year basic according to
the GHGs Reduction and M t Act

+ Phase | (2020): 2% below the level of year 2005 (approved in Jan. 2018)

+ Phase 1 (2025):10% below the level of year 2005 (approved in Sep. 2021)
« Phase IIl (2030):20% below the level of year 2005 (approved in Sep. 2021)

PURRIE A

Source: NDC, 2023




Energy consumption by source of Chinese Taipei

« Chinese Taipei's
energy structure is
still dominated by
fossil fuels.

The development

of renewable 800 TWh
energy mainly

focuses on power .
generation.

The development NeaR
and application of

1200 TWh

=
Nuclear

1000 TWH

Coal

biomass energy 2007TWh G
lags behind the
international oTWh

1965 1970
average leve" Data source: Energy I
Note: "Other renewal

a brg/energy | CC BY

OUTLINE

*Development and Current Situation of Biofuels in
Chinese Taipei

Biodiesel

» Waste cooking oil (WCO) has been reused as a main feedstock
for biodiesel production since 2006.

» The benefits of using waste cooking oil as biodiesel :

Solving the Renewable energy High lubricity

extends engine life

- Reduce air
problem of waste ~ Which can replace pollutant

fossil fuels and
reduce greenhouse
gas emissions

cooking oil disposal emissions

2050 Net-Zero Emissions Plan of Chinese Taipei

2020 2030 2050
g ....'.Z'.‘.’fm.:..,, & s‘_”" offset by Carbon Sinks
2 commercial and 58~60 Mt e 33Mt :
®  |frssicaonisl bulldings New fuet | ydrogen, Biomass, CCUS
o 80.7 Mt S 1 Hydrogen, Bioenergy ) E::;::ﬂm Krsing it cmes |
el equipment
Fossil fuels
ing id and servie
Electrfication || D> [N i
Incressed demand > S0% Bl 1+2nsportation: elecric vehicies
m Decarbonized X 1
= Electricity 2050 Electricity Demand Scenarlo |
i oMt |
g. Electiichy il | waiiescoion Average annual growth 2£0.5% |
G4 Ryl . Demand: 427.5 to 573.1 TWh
< 142.2me 121t0 130 Mt . bl
CEE—— 3 Pumped stocage 1%
Carbon [ porests 200Mt | [ PSR ) (e )
Sinks gk us, — J‘ e Achieve Net-Zero target
UsEMICD,e Nt Emissions: 263.2 MICOe et Emis: = a_';'mﬂ“ with emissions and absorption
201210 206.6 MICOze. .

Source: NDC, 2023

Biodiesel

» The Energy Bureau’s promotion of the development of biodiesel
is divided into four stages.

« 1st stage "Energy Crop Green Bus Project": 2006~2008, which
encourages public buses to use biodiesel,

« 2nd stage: "Green Urban and Rural Application Promotion” 2007 ~2008.
Selected Taoyuan and Chiayi to establishment of a regional production
and supply system for biodiesel,

« 3d stage: "B1 policy" 2008~2010. Blend 1% biodiesel into commercial
diesel from July 2008 .

* 4!h stage: “B2 policy” 2010~. Blend 2% biodiesel into commercial diesel.

10

Biodiesel

« Biodiesel standard of Chinese Taipei

ESTER CONTENT 96.5 Min. % (m/m) CNs 15051 EN 14103
DENSITY at 15°C 860~900 kg/m? CNs 12017 EN3675  ENISO 12185
VISCOSITY at 40°C 3550 mm?/s CNS 3390 150 3104
FLASH POINT 101 Min. e _ CNs3574 EN1SO 3679
SULFUR CONTENT 10 Max. mg/kg | CNS 14505 ISO 20846  EN ISO 20846 EN ISO 20884
CARBON RESIDUE (on 10% distillafion residue) 0.30 Max. % (m/m) CNs 14477 EN SO 10370
CETANE NUMBER 51.0 Min. I 1505165 EN1SO 5165
SULFATED ASH CONTENT 0.02 Max. % (m/m) CNs 3576 150 3987
WATER CONTENT 500 Max. mg/kg | CNS 4445 15O 12937 EN 15O 12937
TOTAL CONTAMINATION 24 Mox. mg/kg | CNs 15055 EN 12662
COPPER STRIP CORROSION(3h at 50°C) No.1 Grade CNs 1219 EN 15O 2160
OXIDATION STABILITY + 110°C 6.0 Min. Hour CNS 15054 EN 14112
ACID VALUE 0.50 Max. mg KOH/g | CNS 14669 CNS 14506 EN 14104
IODINE VALUE 120 Max. g1,/100g CNs 15060 EN 14111
LINOLENIC ACID METHYL ESTER 12.0 Max. % (m/m) CNs 15051 EN 14103
POLYUNSATUREATED(=4 double bonds) METHYL ESTERS 1 Max. % (m/m)

METHANOL CONTENT 020 Max. % (m/m) CNs 8523 EN 14110
MONOGLYCERIDE CONTENT 0.40 Max. % (m/m) | CNs 15018 EN 14105
DIGLYCERIDE CONTENT 020 Max. % (m/m) CNs 15018 EN 14105
TRIGLYCERIDE CONTENT 020 Max. % (m/m) | CNs 15018 EN 14105
FREE GLYCEROL 0.02 Max. % (m/m) | CNs 15018 EN 14105 EN14106
TOTAL GLYCEROL 025 Max. % (m/m) CNs 15018 EN 14105
GROUP | METALS(Na+K) 5.0 Max. mg/kg CNs 15052 EE':‘ n'l':
GROUP Il METALS(Ca+Mg) 5.0 Max. mg/kg CNs 15053 Nreeas
PHOSPHORUS CONTENT 4.0 Max. ~ mg/kg 'CNS 15019 CNS 15058 EN 14107

12



Biodiesel

*» The supply amounts of biodiesel indicated a soaring growth
from 1,029 kiloliters in 2006 to 96,373 kiloliters in 2013.

» However, the users have complained about some issues,
including fuel tank and filter clogging/plugging, ignition delay.

* The government thus temporarily terminated the biodiesel
blends (B2) promotion policy in May 2014.

13

Bioethanol

« The policy for promoting the use of bioethanol and its domestic production
plan started from 2007.

« Limited gas stations in the metropolitan cities (8 gas stations in Taipei City and
6 gas stations in Kaohsiung city) provided E3 gasohol for all vehicles by
subsidizing a discount rate at NT $1.0-2.0 per liter.

» Due to no ethanol plants currently operating,
the bioethanol in the E3 gasohol was
completely imported.

« Through the signing of a MOU between CPC
and the US Grains Council, the government will
provide E10 starting from 2025 to achieve
carbon reduction goals.

15

Conclusions

* The lack of enthusiasm in promoting biomass energy policies has led
to the slow development of biomass energy.

» Compared with fossil fuels, the cost of biofuels is higher. Economic
subsidies are needed to promote effectively.

» The EU economics’ subsidy policy for WCO-based biodiesel has
increased the demand for WCO, resulting in large-scale exports of
WCO and soaring purchase prices.

» The new 2050 net-zero policy will help re-examine bioenergy policies
and promote the development of biofuels.

» Supply and price are the main obstacles to the future development of
biofuels.

17
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Biodiesel

« In order to continuously support WCO recycling, the vast majority of biodiesel
by domestic production was exported to European (e.g., Spain) and Asian
economies (e.g., Korea).

European and ]
Asian economies ]
i

i

i

Export

— -
G / .................. H o
= -
Waste cooking oil 2% Ei
Dclnesnc praduc(mn’

l

Domestic Use

15 tone

acid

, l FAME E

H O_
|
i

;

14
*Conclusions
16
4 ' Contact us

. (02)2368-9567

% twbiomass2017@gmail.com

9 Rm. 312, No. 130, Sec. 3, Keelung Rd.,

Da'an Dist., Taipei 10673
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‘GREEN TECHNOLOGY APPLICATION FOR
THE DEVELOPMENT OF LOW CARBON CITIES

ays
bin Mohamad Zamri

a's Bi

Program

GTALCC

CHNOLOGY APPLICATION ror

of uel

Partnership Programo

About GTALCC
(o1 [oescreron _J oz Tmowne

GTALCC is o five [5] years project o | To support the Low Carbon Cifies program |
faciltate Ihe jmplementafion of Iow | by removing bariers fo integrated low |
carbon inifiafives and fo showcase G | carbon urban planning and development. |
clear and Infegrated approach 1o low | |

e e | I |

Component 1 Policy support for the
promotion of integrated low carbon Lead Agency / Consulant
PROJECT LOGO

urban development.

~ GREENTECHNOLOGY APPLICATION roi
THE DEVELOPMENT OF LOW CARBON CITIES

ROLES & RESPONSIBILITIES
Interational Pariner
Gavemment of Malaysia

UNDP & GEF

Economic Planning Unit
Prime Minister Department

Ministry of Environment &
Water, Malaysia

SEDA Malaysia

13 17 s

Component 2 Awareness and
Instiftutional Capacity Development.
Component 3 Low Carbon
Techriology & Solutions for Cifies

| 06 | PARTICIPATING CITIES / REGION

1. Pulajaya (Perbadanan Putrgjaya) uso
2. Cyberjaya (MP Sepang) 4,354,784
3. Pelaling Jaya (M8 Pelaling Jaya) ! Federsl & Locs) Gavi (inkind) 56,258,266
4. Melaka (Meioka Greentech Corporation & re— S0
MPHTJ} o i
k£ L. | UNDP Cost Sharing (UNDP) 50,000
5. Iskandar Malaysia (IRDA, MBIP, MBIB, MPPG, R |
MDP & MPKu) 164,136,278

| Leveraged Co-finance (In-kind)

Low Carbon Public Transportation — B100 Biodiesel
Public Private Partnerships

GREENTECHNOLOGY APPLICATION Cit
THE DEVELOPMENT OF LOW CARBON CITIES

COMPONENT 1 COMPONENT 2
POLICY SUPPORT FOR THE AWARENESS AND
PROMOTION OF INTEGRATED | INSTITUTIONAL CAPACITY |
LOW CARBON URBAN DEVELOPMENT.
DEVELOPMENT.

Component 2 address the lack of

Component 1 address the awareness and technical capacily

COMPONENT 3

LOW CARBON
TECHNOLOGY

INVESTMENTS IN CITIES

Component 3 address barriers to
access and investment in green
ies within an il

and g the i

arrangements of ministries,
state and local level for low carbon
climate resilient development and
integrated urban planning.

strengthening of planning and

developmenl pollmes standards and
g low carbon i

urban developmenl and local capacity to

implement central Government policies

B100 Biodiesel for Public Transportation
MRT Feeder Buses (2022)

ia Petronas ROVR

at Facilityin Portiiang.

urban development context.
Financing and incentive
mechanisms will be facilitated to
drive investment in green
technologies.

INOLOGY APPLICATION |0t
O LOW CARBON CITIES

§%city in PortKlang

Asset Owner Operator Mobile Refueling Solution Bus Technology B100 Biodiesel
>~ |[r@prasarana REVR @ .
: ﬁ: n:mmvav PETRONAS SCANIA fUtUrepreIude

B100 Biodiesel

GREENTECHNOLOGY APPLICATION <.
T DEVELCAENT f LOW CARBON CITIES.

39

Other B100 Biodiesel Project — Road Tankers

GREENTECHNOLOGY APPLICATION iol
LOW CARBON CITIES

Scania with B100 Biodiesel from Shell proven to be
suitable for KPD operations and to reduce CO2
emissions

Back in 2023, Scania (Malaysia) Sdn Bhd (Scania) and
Shell Malaysia Trading Sdn Bhd (Shell) launched the pilot test of the
first pair of Scania road tankers, operated by Konsortium Port
Dickson Sdn Bhd (KPD), running solely on B100 Biodiesel. After
several months of trial, the results are:

+ Confirmed to be reducing carbon emissions by up to 70 percent
Suitable for heavy haulage with adjustment in driving behaviour
No issues with the truck if the vehicle is equipped accordingly
Suitable alternative, considering locally made product

Positive impact on major parts of the supply chain

Souana Cratt. Soaricom my & Sl Matyats




National Low Carbon Cities Masterplan

Multi Stakeholders Partnership

OpEN

I TECHNOLOGY APPLICATION /Ot
5 LOW CARBON CITIES

National Low Carbon Cities Masterplan
Low Carbon & Green Vehicles

KUALA LUMPUR (Sept 27, 2021): Malaysia is
committed to its target of becoming a carbon-neutral
nation by as early as 2050, said Prime Minister.

)

National
Low Carbon Cities
Masterplan

Measure - Manage - Mitigate

90001

B0000BS

Absolute
Carbon
Reduction
Targets

B00000

Local
Authorities

\ (Cities/Towns)

Capital Cities /
A Major Towns \

National Energy Transition Roadmap (NETR)
Biodiesel Mandate in NETR

ACTION 9.3

Possible Interventions for the Next Five (5| Years

Transportation

National
Low Carbon Cities
Masterplan

Key Sectoral Actions :
Action 9.1 i Planing and be

Action 9.2

Action 83

Action 9.4

WATIONAL LOW CARBON CITIEE

National Energy Transition Roadmap (NETR
Biodiesel Mandate in NETR

LOGY APPLICATION roit
{7 O LOW CARBON CITIES

Green Mobility

remains a promil c to GHG emi: in
Malaysia, primarily driven by the emissions from internal combustion
engine (ICE) vehicles, as shown in Exhibit 5.7. The land transport
segment [s a key driver of these emissions, accounting for 55 MtC0zeq,
constituting 85% of total transport emissions.

Exhibit 5.7: Transport
sector’s GHG emissions

‘Read tramsportation csattbutes $5%
o totattansport em sion:

National Energy
Transition Roadmap

Enargaing he Nation, Powaring Out Futire

In Malaysia, tha mandate far B30 biodiesel blending was
part of the sscond phase of the National Energy
Transition Roadmap (NETR) that was launched in August
fast year, which has set 3 target date of 2030 for 830
when POGO [palm oil vs low-

cerpt of key initiatives for Fand amsgortaton

heavy vehicles under the NETR

Land transport (Heavy vehicle)

Overview

The heavy vehi inta thy gories: (1) o)
wieighing below six tonnes, (2) medium-duty trucks (MDT) weighing six to 15 tonnes, and (3) heavy-duty
trucks (HDT) exceeding 15 tonnes, In contrast to light vehicles, the feasibility of alternative fuels for heavy
vehicles remains limited. Within this context, MDTs and HOTs are currently in the respective pilot phase of
adopting alternative fusls. For MDTs and HOTS, th garding the I

fuels of the future. g y
in four key areas; namely transport modal shift, fuel economy, biodiesel blending and fuel switching.

Low Carbon Public Transportation — IMBRT
International Partnership for Peer Design Review

OEsAMA
TEBRAUCIY,

wounTASTN of

GREENTECHNOLOGY APPLICATION /01
T DEVELOPHENT OF LOW CARBON CITIES

Peer Review of the design,
scoring it according to the BRT
Standard which categorizes
systems as Gold, 3

G BaNDaR

DTS PINGGAWA BARA STULANG BARLI

Sustainable

pLRLING

T InaAN

HoREON NI
e

ISKANDAR PUTERI

Airhoamy
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IOLOGY APPLICATION
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i)
Key targets

The NETR targets are guided by the DTN and the Logistics and Trade Facilitation Master Pian. In line
with these frameworks, the NETR aims to:

Maintain the pathway towards achieving 5% share of rail freight modal utilisation by the year
2030

Embrace emerging regional benchmarks pertalning to fuel efficiency

5% of heavy vehicles utilise hydrogen by 2050

Maintain DTN’s hiodiesel blending targets to B30 by 2030

National Energy

Key initiatives
m Initiatives Champions
s wor
Enconige whicle rplacemnt thiongh caged ez
T Implement 830 biodiesel blending mandate Kk
achievable blending ts
economicaly visble
M Introduce futurs powertrains for hoavy vehicles e

Trach advancerment in techinolosy of future ek powertran

ehicies (BEV) for short-tormediumy-au! trucks

10

Thank You

GTALCC

‘GREEN TECHNOLOGY APPLICATION FOf
THE DEVELOPMENT OF LOW CARBON CITIES
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+ Brazil aims at 1% omissions roduction mandate for aviation by 2027, 10% by 2037,
+ Chile launched a SAF roadmap o achieve 50% blend rate in 2050,

* Rest of world: No stated mandates but higher share expected in Middie East dus to

Airlines iiving growth in Middle East B ey rois wis otnar ey regions.
T : + IATAs Not Zero strategy for 2050: 65% SAF, 18% offsets and carbon caplure, 13%
IATA
S 5% —) new tochnology: 3% infrastructure and operational efficiencies
[}
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CORSIA - developed by ICAO, is designed to deal with international aviation
emissions which are not governed by UN climate framework

Source: ICAD, ICCT, S&7 Blobl Commodity Inwights

cors,

S&P Global

‘&P Global Commoy insigns. 7
Commodity Insights

ReFuelEU sets long-term targets for SAF use in the EU, including a sub-target for
synthetic aviation fuels

Background

+ ReFuslEU Aviation was adopled by the EU In September 2023 and aims o reduice the GHG emissions from
the aviation sector by increasing demand for SAF

ReFuelEU Aviation SAF targets
% of EU jet fuel mi by volume:
%Other SAF  wSynthetic aviation fuei sub-largel  + Fossil et

Targets and coverage

. in 2025, aviation must increase SAF supplied in total
‘aviatlon fuel, starting al 2% and growing 10 70% by 2050. This includes a syninetic aviation fuel sub-target.
incrpasing from 1.2% i 2030 o 35% in 2050.

+ ReFuelEU applies 10 aviation fuel suppliers supplying fet fuel at EU airports, EU alrports with over 800,000 in
passenger traltc, and aircrat operators at EU airpotts.

+ Alrcratt opérators must uplift over 90% of their yearly aviation fusl required at EU airports to avoid anti-
compettive fuel inkering at locations with fower fuel prices

Implementation

100%

ity for not less than yearly averag

copventional fuel and applicable SAF type, mulliplied by the shortfall quantity. Member States must develop

a specific methodology for the penalty calculation by 2024 end.

+ During a flexibily period from Jan 2025 to Dec 2034. fuol suppliors may meet largets by supplying the min.
SAF share as an average of total fuel supplied at EU airports for that period.

+ As of Oclober 2024. the Eutt whether a

implemented to help facilitate the supply and uptake of SAF.

20%

ystom should be

2025

2030

2035 2040

Dt comptua 4 2. 2086
R ——
0024 840 Ocesl
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As the aviation sector has no scalable alternative to decarbonize, SAF demand is
expected to see significant growth in demand compared to other biofuels

Global SAF blendrate by region

Global SAF demand by region
(SAF blend rate in et fuel, vol%)

(Million metric tons)

10%

50% S 2050 %blend = North America = Latin America ® Europe = Asia
2030 % blend i "
oy . Europe,46% = Middle East = CIS  Africa
North America, 9% / 100
40%  World, 5% /
Asia, 2% North America, 20
Middle East, 2% 36% 80 al
Latin America, 2% ]
30%  ROW, <% £ 70
. World, 26% 60
Asia, 21%
20% 0
Middle East, 40
17%
30 4

Latin America, I |I

8% 20 I II LT

CIS, Afrca, <5% 10 “ “ I I
i T[]

2015

2040 2045 2050

0%

2020 2030 2020 2025 2030 2035

Dt complat oy 11 504
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4P sl
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Use of RFNBOs in road, aviation and shipping can all contribute to the minimum
1% energy target in 2030 under RED IlI

RED Ill 2030 targets for transportation Renewable fuels of non-biological origin (RFNBOS)

+ Max crop biofuels Max Annex X-8 biofusls + RFNBOSs must contribute & minimum of 1% to Iransport enargy by 2030 but can double count® towards this
Other RE =Min Aniex IX-A biofusls targol. Member States may also sat a higher (asget than the 1%.
b itiche + Tobe eligible for support, RFNBOS must achieve a iecycle GHG emissions saving of 70%
Combinoa
Compliance options include:
o e { “
E ﬂ Use of green H, as an intermediate productin the production of conventional transport fuels
Il andbiotuels
P
1% % Use af 8:SAF in aviation, with an additianal mulipier of 1.5x
1%
{eB=  Use of RFNBOs In shipping, with an additional multipfier of 1.5x (.. green H,, e-methanal)
10%
4% i
P, Direct green hydrogen use in raad ransport (a.g. in fuel cefl siacinc or hycrogen vehicles)

s | Upmotspt

0% = | Use of e-fuels in road iranisport (e.9. e-dlesel, e-gasoline)

Ol conpied Oct 2 4624,

‘Soace 54N Glonal Commody Fagi
003 54P Dbkl
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Feedstocks and technologies used to produce SAF

fuels f

Edible oil crops

and

P y

Palm oil. Soybe I, Suntlower oil, la oil

Sugarcane, maize/com, sugar beet

Tall oil, Paim Oil Mil Effluent (POME), Paim Fatty Acid Distillate (PFAD), Used Cooking
il (UCO), Animal Fat (Tallow)

Oil trees: Jatropha, Pongamia, Ol cover erops: Gamelina, Carinata, Pennycress,
Cellulosi crops: Swi Reed

[ Siraw, sugarcane bagasse, corn stover, cereal residues.

Roundwood, sawdust, woodchip, sawmill slabs, logging leftovers, stemwood residues

Municipal waste streams (biogenic portion), algae, sewage sludge

€O, from DAC. Green H,

Fossil share of reusable plastic waste
Industrial waste gas :CO, from CCS, Other (such as flue gas from steel production)

N pdrssssat Save any A AT Nechtha . FT Finar Trmpacs, PTL Powe b st SPH
‘Srce SAP Gt Commody Fagi
o203 54P ksl
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SAF producers will need to focus on waste oil and fats, and novel oil seeds
(energy crops)

ICAO CORSIA's default LCA assessment for HEFA aviation fuels
(gCO2e/M.

120 = Default Core CI = ILUC Adjustment * Final Cl

~—50% GHG Reduction

100

80

60 50

40

20

Baseline

CPOwith Used cnakmg Distiller's corn
aviaton fuel

<85% pond oil oil
emission
capture

Carinata Camelina

Soybean ol Rapeseed oil CPO with >
85% pond
emission
capture
ot
eas
oSt o e T conn
proivpie
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e-SAF Technology
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Different synthesis technologies exist to produce e-SAF and other e-fuel products

E-tuols

multiple chemical o

typically thanol or ethanol) or syngas (a mixture of H, and CO) as

+ Non-drop-In fuels: can only be blendad and used with fossi uels at low levels. Blending non-drop-in fuel i e vehicles and fuelling

+ Drop-in tuels: molecuiarly and chemically similar to fossil fuels. allowing them 1o be biendod at high levols and used in existing vehicles o fuslling infrastructure without major overhauls

dual-fusl or

E-methanol — shipping and road (light-duty)
| Can be used i vessels squipped with

| methanol engines. o blended In gasoli, typcaly at
Green | ipto3vol% ]
" | E-othanol — road (ight-duty) i
e-ethanal’ | Gane bondeu n gase picaly at 0ol per |
| Higher bisnds raque madiicatians to sngine oLo | §
| malariai 1o v cotoson I
= . Methanol.to- -
o wal .
Ceptured W i Ly el | E-gasoline —road (light-duty) :
co, g ot ( | Rt st oo (5 |
( | fusi specs (6.0, EN. ASTM) ara m '
1 | Esa—aviton %
| Certified by ASTM International far blending at up P
> Syngas ' lusowm in fossil et fuel Vi
> s (K
i —— c | | | Excliosel — road (light and heavy-duty) it
| Noband i n osoiese poviod 5P 5By |
S A o e
o sav
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Alternative pathways and feedstocks will be required to help meet
decarbonization targets

Global SAF supply by pathway
=HEFA-SPK

Global lipid feedstock demand for biofuels

(million metric tons)
®ATJ-SPK = Other SAF
s Yet-to-find

mm UCO & other waste
—FAME, HEFA lipids demand
160
140
120
100
80
60
40
20

2020 2025 2030 2040 2050 2020 2025

m=Energy crops

100% = Food-crops

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

2015

2030 2040 2050

cemplaa oo
S Shr G ommasty e
0203 54P Dbkl
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E-fuels are a category of synthetic fuels produced from low-carbon hydrogen
via electrolysis and captured CO,

E-fuel production technologies can produce a range of liquid or gaseous drop-in and non-drop-in fuels to decarbonize various transport
modes and sectors.

Renewable
electricity

Drop-in fuels
(e.g. &-SAF, e-diesel, e-gasoline)
+ Can ba biended and used it fossi

" el in existing vehicies at high fevels
Nuctear Electrolysis [t
1 [l electricity low-carbon Hy s
— | &hs
Efvels Non-drop-in fuels
ayhitidals {.9. e-methano, e-atharl)
* Requires modified vesseis or vehicies
6} Water technologies s it
Q,
R o
H 1 co.sources 1
" (eg. industrial point N Carbon = co, Feedstocks
soutces ot from the capture 0.6 &-methanol, -naphih
D i . (e emethano, e-naphtha)

¥ + Can replace fossi|-based fesdstacks i

chemicals production

P r———
0200 1P Okl
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E-fuels are attracting interest as they face fewer feedstock constraints than
biofuels, but commercial barriers still exist to scale-up

Opportunities

Minimal physical feedstock constraints. The potential of renewable
eneray and CO, sources (0.0. from the atmosphere) are abundant,
meaning there ara technically no limitations on scaling up e-luels
supply.

Challenges
quh production costs. E-fuels currently cos! several imes more to
% N y the high
S cost. m green hydrogen production. as well as the CAPEX of a tuels.

technologies and equipment. In the absence of policy support, cosls
will remain uncompetitive.

High GHG saving potential. CO, s emitted when efuels are

Policy and regulatory uncertainty. Whilst policy suppor for e-fuels is
combusted, but as CO, is alsa used In their production, their use is

growing n the EU. UK and the US, there remains soma uncertainly in
how specific legl the
on e fuels markets.

. igs can be
Up 10 90% vs. fossil fuels, dapending on sources of feedsiack and
energy used and any CCS.

fuel value chains. M

@ o Most e-fuel ata pilotor
“drop-in’ fuels, which are chemicallyimolecularty similar to foss fuels. stage today, tograting mutiple
’ﬁﬂ? This allows them to be used in existing vehicles and fuel infrastructure technolg ther 10 and

at high blends without major overhauls. efficient production.

Flexibility £ fuol oo
range of drop-in and non-drop-in fueis, which can be used to
decarbonize multiple transport modes and sectors.

Challenges with project financing. Owing to policy uncertalnty,
technology fisks and high upfront CAPEX, investors have been siow 1o
ng for not

reached FID.

S 53t o o
o203 5P ok
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SAF Fundamentals
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In the base case, the EU falls far behind long-term targets under ReFuelEU due
to the high cost and limited availability of e-SAF

EU e-SAF demand outlook vs. ReFuelEU E:

E-SAF demand i the base casa is forecasted for each markel based on it track
(Thousand metsc tons per year)

record in meeting past mandates, s current position on clmate and renawable
fuels policy, and the avaiability of e-SAF supply.

SEUeSAFdomand  uEstmatedshotfal e ReFuslEU requisment + From 2030, the EU s expeciod fo fall behind the o-SAF sublargets in ReFuslEU

20000 By 2040, we forecast a shortfall quanlity of 2.3 millon metri tons (MM) per year
and by 2060, tis reaches nearly 9 MM per year

18400 + This s due (0 the fimiled availabilty of 8-SAF a gioballevel, wih supply nable lo
scale sufficientl quickly 1o meat demand. The supply of green hydrogen and CO,

15 (blogenic or DAC) suffcient

18000 + Rather, o-SAF supply Is likely cansirained by high production costs, which inhibits

S the farge scalo investment needed to signilicanty ramp-up productian. nvesiment

12000 In projects has baen limitd fo date, resulting In no major projects in Europe
teaching FID

10.000 + Inthe long term, we expect e-fuel praduction costs 1o reduce significantly -
patontialy by up 1o 60°% bafween 2026 and 2050 In soma locations (0.9. the US

2.000 Gulf Coast, Middle East and parts of Europe). However, costs will remain

8 uncompatiive with HEFA and fossi jolfuel without furlher support”.

e ™ § + Higher e-SAF blending will require levers on both the supply and demand side.

e . Further production cost reduction, driven primariy by faling LCOH and CAPEX of
e-tuels planis, as wel as strongor polcy and marke! support vl both be important
for making 0. SAF more competive,

2000

_atnill
2035 2040 2045 2050
ot
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The e-SAF sector is currently facing several headwinds, with the majority of
planned projects yet to reach FID

ci with e-fuels

Policy and market uncertainty

is growing for -5 EU. UK and the US,
uncertainty in how key polcies such as Y FoFunlEy wi b implemented (e.g. the level of

Announced global e-SAF production capacity =
(Thousand meric tons per year]

—circos e A Pacifc support and peralties). Tnis s currently rasuling n alack of clarly 0n the marke value
Rorth Amarica —riica and business modol of o-SAF.
S i and operaonsl
as00
Techn s
2,000 Only 11% of the 3.2 Mt per year
in paned - SAF capcty has Most e-fusl palh atalowlevl y. wih faciites
Tescned 1D operating a piot of demoniratlon scale. There remain tachrical rsks associted with
2,500 integrating multiple conversion tachnologies in a single process at full industrial scale.
200
Reliance on other key value chains
1,500 E-fuel production requires a source of green hydrogen and captured CO. While
- olectrolysis and CO, capture fechnologles are malure, we have yet to see projects and
1000 Supply chains develop t the evel feduited or farge:scale e-usl production.
s00

Project financing

Qwing to policy uncertainty. technology risks and high upfront CAPEX, investors have
baen siow to provide finance for projects. Progressing projects to FID may require greater
policy certainty and public funding and Incantives to derisk private Investment.

25 225 227 2028 220 2090 NA' puig

S rempted 0

e sy s s sl o
e i oot Rt n o o,
o ommodty vat
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Global e-SAF demand could reach almost 17 MMt per year by 2050. European
markets account for 66% of demand in 2050, driven by mandates

Global e-SAF demand outlook

Global e-SAF blend rate outlook
(Thousand metric tons per year)

{Vol.% blend rate in el fusl pool)
wEumps mNorth America w Asia-Paciic #Midde East #Lain Amarica #CIS wAfrica

— ——Norh Amercs ——Adii-Paclic  ——Mddis Eac
18000 — LatinAnedca  —CiS — tira —Wora
0%
16000
e
14000
"
12000
1%
10000
8.000 a%
6,000 L]
4,000 o
2000 IIIII ™
R | .
wes 2w 2095 o s 200 2005 ) £ 200 20 2050
ossmaoa
i o s
——
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The majority of announced e-SAF projects so far are in Europe, but there are also
large projects planned in North America and Asia-Pacific

Global e-SAF projects

S&P Global

ommodity If

e-SAF production will scale to meet demand as technologies mature/costs decrease,
with the US, Middle East and Nordic economies the most competitive regions

+ The key drivers of &-SAF praduction wil be. Global e-SAF production outlook
; (Thousand metric ons per yoa)
Location of existing and planned capacity o i

wEuope wNorhAmerca wMdde East wAsiaPacfic eAtica ®Lstin America
Policy support, q 18,000

|i]] Avattabiity and cast ot greon hydrogen and captursd CO, 1800

14,000
Cost of capital and economy risk

12,000
“7  Strateglc location and trade routes
10.000
+ Europe: dominates short-term production due 1o existence of strang policy
support and existing The share of
longer term as olhet regions become more cost-compativ.

8000

+ North America: due to & high supply of green hydrogen and CO, at low cast, the 5000

US becomes the most competiive ecanomy for productian.
« Middie East: a low LCOI 4000

value chains mean the Middle East becomes a key o-SAF pmduael and the

second-largest reglonal exporter in the long tem.

ariad args o.huelprojes which i y Asia

30 2035 2080 2045 2050
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Key e-SAF investments and agreements (1/2)

Offtake volume
Investor/Buyer | Target I type Announced |(if applicable) | Duration |Start | Background
et ‘Non-binding agreement to purchase &-SAF trom future
American Alines  Prometheus Fuels Offtake agreement 2021 u%‘;-m = ";.'f e 5 Prometheus Fuet facilities. American Alrlines has a nel-zero
o target for 2060.

" Equity Investmant made by United Aiines in the US-based start

United Airnes  Dimensional EqUlty Iwediment - 505 Aleast 871K 29 yoars 2080 up, incluting a commercial commilment o e-SAF offtake from
Enery fofftake agreement (300 millon gai)

Agreemant for the offtake of all e-SAF produced at Arcadia's first

Private Commitments

DCC Shell

- 55t par year :
B e mark Acadia Fuols  Offtake agreement 2022 P i e S 2028 facktyIn Vordingborg, Denmar.schedue forcommiesining n
United Arlines Ventures (UAV) launched the Sustainable Fight
United Alfines Fund to invest in SAF starl-ups, worth over £200 millon in capital.
Ventures Imestmantfind (2023 = = 2023 panicipation from over 22 corporates, Including banks, aitines,
software companies and technology liconsars.
Mo for rom o
Icelandair Idunnz Mol 2023 pppAsinl 2028 planned project in lceland. lcelandair has a 50% carbon
YA Tikoncal) ‘emissions reduction target for 2030, and net-zero targel for 2050

7kt par year.
LDaF Yo Norweglan became a shareholdor In Norsk e-Fuel with an
i

Norwegian At Norsk e-Fuel Equity investment 2023 "::%;“ﬁ:“ﬂz% & 2028 investment of up to $6 million. ta co-develop the Mosjoen plant in
ey P Norway, planned from 2025,

Data cemtaa
sap sl
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Key e-SAF investments and agreements (2/2)

Offtake volume
(i appl Start

Unitad Aifines UAV made an undisclosed investment in UK o-SAF start-up
Vantdes oxecu Eqully investment 2023 - - - OXCCU, who raised $22 milfion in Series A. A demonstration
i project is planned in the UK from 2026,

Microsoft invested an undisclosed amount in the US e-fuels start-

Dimensionai . ~ . Up Dimensional Energy, who raisod $20 millon in Series A
Wezmeoh Energy Eaylnvesmens; ;2028 Uniipcloeed. 2028+ Microsoltwil offiake e-SAF from Dimensional's plannad project in
Now York state.
Amazon had previously Invested in Infinium from thelr Ciimate
Amazon Infinium Equty investment! 5155 Undisclosed - = Pledge Fund in 2021. Further offtake agreement announced for

v
offekzagmemant e-diesel from Infinium's Texas facilities.

Both companies to purchase e-SAF from the US start-up Tweive,
Twelve Offtake agreement 2024 Undisciosed - 2026 boginning with volumes from a planned demanstration facilly in

Washington, the US,

Mol to coliaborats on advanced production and use of Twelve's
Ethad Aiways  Twelve Mol 2023 - - - €-SAF in Etihad's network, starting with an international
demonstration fiight.
Mol signad for the purchase of a-SAF from four SPIC o-SAF

Alaska Aulines,
Shoply

Strateglc

Cathay Pacte  SPIC 4 2004 Undisciosed - 2026+ projects In China, each with a capaciy of 50-100 klyear.

paineahMoY Expected commissioning from 2026 onwards.

1AG 10 purchase one-thid of fs 2030 SAF targeL. 1o be supplied

Intecratonal 785 ktin otat
Kiaafonar,  Twahe Offiake agroement 2024 Eooiioyay, {Avem S28 Con Tl cnstston mactn Wi s s
o0 4P Dbkl "
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