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III. Background

About energy transitions, there is no “single best solution” for achieving carbon neutrality, as each
economy has different economic and social structures, and geographical situations. We strongly believe
that various, pragmatic, and sustainable energy transitions that reflect the different circumstances of
each economy, are essential. To achieve such energy transitions, sharing knowledge and experience
among members is important.

IV. Objective

The objective is to hold a symposium to follow up “APEC Sectoral Symposia on the Holistic Approach
of Decarbonization for Energy Transition” (EWG 03 2022S) held in 2021, and to organize the third
Sectoral Symposium on Bioenergy in collaboration with the Ministry of Energy, Thailand.

The first and second sectoral symposia were “APEC Symposium on Pursuing Decarbonization of Fossil
Fuels” in 2023 and “APEC Symposium on Promoting Energy Efficiency and Energy Management
Systems” in 2024 respectively.

V. Outcome

The symposium in person was held in Khon Kaen, Thailand on 3 December, 2024. 57 participants from
13 APEC economies (Australia; China; Hong Kong, China; Indonesia; Japan; Korea; Malaysia; Papua
New Guinea; The Philippines; Singapore; Chinese Taipei; Thailand and Viet Nam) attended the
symposium.

The speakers were invited from a wide range of government, private sector, academic, and research
institutions. The participants 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 participants, including “Biodiesel and Bioethanol”, “Synthetic
Biofuels” and “Decarbonization in Power Sector by Biomass and Biohydrogen”.

The Symposium participants visited Mitr Phol Sugar and Ethanol Plants on 4 December 2024. Mitr
Phol was ranked as the 4th largest sugar producer in the world in 2023, and 2nd in 2018. The complex
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.

VI. Symposium Summary

1. Welcome Remarks
Mr Waranon Chansiri, Executive Director, Ministry of Energy, Thailand

Mr Chansiri welcomed all attendees, including Mr Siriwat Pinijpanich, Vice Governor of Khon Kaen
Province, Dr Kazutomo Irie, President of the Asia Pacific Energy Research Centre, and 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 opportunity to co-organize the symposium with
the Asia Pacific Energy Research Centre through 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
waste. He also highlighted Khon Kaen’s potential to advance bioenergy development, with an ethanol



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 Thailand’s commitment to APEC collective goal of doubling the share of renewable
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 Mr Siriwat Pinijpanich, Vice Governor of Khon Kaen Province, to deliver his welcome
remarks.

2. Opening Remarks
Mr Siriwat Pinijpanich, the Vice Governor of Khon Kaen Province, Thailand

Mr Siriwat Pinijpanich welcomed 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 Pinijpanich introduced 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 emphasized Khon Kaen's rich
offering of tourism attractions, domestic parks, and diverse sources of energy. These resources include
on-shore natural gas resources, solar energy, water, and bioenergy from agricultural byproducts, all of
which contribute 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 APEC Energy Working Group would contribute meaningfully to energy development
initiatives in Khon Kaen over the course of the two-day program. He underscored the importance of
sharing knowledge, advancing technology, and improving ecosystem management among APEC
members to support energy transition in APEC member economies towards a more sustainable energy
future.

Mr Pinijpanich concluded by thanking all participants for attending and showing respect for Khon Kaen
Province. He 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 Kazutomo Irie welcomed distinguished guests and participants from APEC economies. He introduced
himself as President of the Asia Pacific Energy Research Centre and 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
economy. He 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 of sector-focused symposia. The first
focused on decarbonizing fossil fuels and was held in Kobe, Japan, in October 2023. The second focused
on promoting energy efficiency and energy management system and was held in Tokyo in January 2024.
Key findings from both were presented at the APEC Energy Transition Workshop in Nanjing, China,
in May 2024.

This third symposium, organized in collaboration with the Ministry of Energy of Thailand, aligns with
Thailand’s Bio Circular Green Economy initiative. It aims to promote increased use of bioenergy
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 scene-setting presentation from an APERC colleague.
The day would include three expert sessions covering biodiesel and bioethanol 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 of Economy, Trade and Industry (METI),
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 about by recent 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 foundational 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 the diversity of transition pathways suited to different
domestic contexts.

2. Promotion of Innovation
Japan is undergoing a wide-ranging 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 over JPY150 trillion (approximately USDI trillion) of
investment in GX over the next decade. To support this, the Japanese government plans to provide
JPY20 trillion (approximately USD140 billion) 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, next-generation 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 contributing to reductions 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 symposium—bioenergy—Mr Yoshino introduced some of Japan’s current
initiatives in this area. In biomass power generation, projects are underway to convert sources such as
seaweed sludge, food waste, and livestock waste (such as cow dung) into methane gas, which is then
used to generate electricity and heat. Japan has set a goal of reaching 8GW of biomass power generation
capacity by 2030. As of March of this year, 7.5GW 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 is being promoted 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, the economy has 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 e-fuels and e-methane, 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 reaffirmed Japan’s commitment to supporting regional
and global decarbonization efforts.

4. Scene Setting: “Outlook for Bioenergy in APEC: Two Scenarios”
Mr Glen Sweetnam, Senior Vice President, APERC

Mr Glen Sweetnam, Senior Vice President of the Asia Pacific 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 for co-organizing the
symposium. He emphasized 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 would help frame 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 twenty-one
APEC member economies to develop energy use projections, including those for bioenergy.

Mr Sweetnam highlighted one of the major strengths of bioenergy. Through the process of photosynthesis,
plants absorb carbon dioxide from the atmosphere. When 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 carbon-neutral energy source. However, despite this benefit, bioenergy still
plays a relatively small role in APEC energy system. He posed the question of whether technological
innovation could 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 transformed into 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 accounted for 2.5% and biofuels
for 0.7%. Though both have experienced growth, it has been from a small base.

Electricity generation from biomass increased from 63TWh to 201 TWh between 2000 and 2021.
However, even with this growth, biomass accounted for only 1.1% of total electricity generation in
APEC. Regarding final energy consumption, biomass represented 4% and biofuels 2%, primarily used
in the industrial and residential sectors. The transport sector was the major consumer of liquid biofuels.

Mr Sweetnam further explained that while bio-gasoline experienced rapid growth, it plateaued around
2010 at approximately 5% 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 for 18% of biofuel 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 economy's stated decarbonization 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 25% of renewable electricity generation by 2060. However, its share of total electricity
generation is projected to remain modest, increasing only to 2.3% in the target case, compared to 1.1%
in the reference case.

Biofuels are expected to remain important in Southeast Asia. Blending rates for biodiesel and
biogasoline are projected to rise to 18% and 12% respectively under the reference case. In the target
scenario, they could reach 55% for biodiesel and 25% 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 account for 30%
of marine fuel in the target case, and biokerosene could reach 50% of aviation 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 expensive to transport 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 bioenergy is viable 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 be labor-intensive and energy-intensive. The
conversion of cellulose to liquid fuels, though promising, is not yet commercially viable.

In conclusion, Mr Sweetnam 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 expressed 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. “Biodiesel and Bioethanol: Opportunities & Challenges and Recent
Developments”

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

Session1-1

"Thailand Latest Policy to Promote Bioenergy"

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

Dr Natikorn Prakobboon began 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 for the opportunity 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 overview of Thailand'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 million liters per day), 2 hybrid plants using sugarcane juice or molasses (0.83 million
liters per day), 5 hybrid plants using cassava and molasses (1.05 million liters per day), and 10 cassava-
based plants (2.09 million liters 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 COVID-19 pandemic, Thailand
consumed 4.4 million liters per day. The pandemic led to a decline in travel and ethanol usage, dropping
to 4.1 million liters per day in 2020 and 3.85 million liters per day in 2022, with a projected further
decrease to 3.41 million liters per day by year-end.

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 targets 30% electric vehicle
production by 2030. These trends could reduce gasoline consumption to 17 million liters per day, half
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the current level in 2037.

To address future demand scenarios, the government developed two projections: if E20 remains the
primary fuel, ethanol demand would be 3.2 million liters per day; if E10 dominates, demand would drop
to 1.52 million liters per day. With production capacity at 6.7 million liters per day, he discussed options
for surplus management.

Dr Natikorn explained that during the COVID-19 pandemic, ethanol producers were temporarily
allowed to manufacture pharmaceutical-grade sanitizers. Around 81 million liters of ethanol were used
for this purpose. Thailand has also exported ethanol to several economies, including Ethiopia; Hong
Kong, China; Japan; and the Philippines, albeit in limited volumes. Export requires case-by-case
approval from the Excise Department.

He outlined potential solutions for adapting the ethanol industry: producing ethanol-based bioplastics,
which reduce emissions and are aligned with Thailand's BCG (Bio-Circular-Green) economy model;
expanding pharmaceutical and chemical applications; and producing Sustainable Aviation Fuel (SAF)
using Alcohol-to-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 ethanol trading hub.

Dr Natikorn then transitioned to biodiesel development. He presented data on 15 biodiesel plants in
Thailand with a combined capacity of 11.96 million liters per day, using 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 million liters per day in 2024. Biodiesel consumption increased with higher
blending ratios (B10) but declined during 2020-2022 due to the pandemic. It rose again to 4.39 million
liters per day by 2024. Blending ratios have evolved from B3 to B20, with B7 Euro5 introduced in May
2024. However, due to rising palm oil prices, the blend was temporarily reduced to BS 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. These factors 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 high-quality oil palm standards, and promoting alternative
high-value products such as BHD (bio-hydrogenated diesel), SAF, and bio-based transformer oils.

He concluded with future projections. Under AEDP 2024, diesel consumption is expected to fall from
67 million liters per day in 2024 to 35 million liters per day in 2037. Biodiesel use is projected to decline
from 6.5 million liters per day in 2022 to 2.46 million liters per day by 2037. He noted the importance
of stable supply chain management, palm oil price control, and high-quality raw materials.

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

Session1-2

“Bioenergy in Chinese Taipei and Asia”

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

The second speaker was Dr Chia-Chi Chang. He holds a bachelor’s degree from the Department of
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Environmental Engineering and Science from Feng Chia University, a master’s degree in civil
engineering from the same university, and a PhD in Environmental Engineering from Taiwan
University. Since 2009, Dr Chang has held multiple roles across universities and research institutes,
including senior research fellow, postdoctoral fellow, and project manager. His areas of expertise
include bioengineering, energy, waste-to-fuel conversion, water treatment, and resource recovery. Dr
Chang presented on the topic of bioenergy in Chinese Taipei and Asia.

Dr Chang began by expressing his honor in sharing Chinese Taipei’s experience with biofuel,
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 gasoline stations, 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, 60% of 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 liquid biofuels including bio-
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 Fischer—Tropsch process, date back to
World War II. The primary challenge remains securing sufficient 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 achieving net-zero 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 dioxide emissions by 10% 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 than 1% of 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 that net-zero goals 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 fuel-powered vehicles with electric vehicles, rather 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 reduced carbon and pollutant 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 four-stage plan starting in 2006. In the first phase, over 400 buses and garbage trucks used
biodiesel. In the second phase (2007-2008), biodiesel supply systems were established in Chiayi and
Taoyuan. The third phase introduced a Bl policy, blending 1% biodiesel into commercial diesel,

12



followed by B2 blending in the fourth phase (post-2010).

Despite these efforts, biodiesel blending was suspended in May 2014, limiting biodiesel use to industrial
boilers. At its peak, biodiesel production reached 100,000 kiloliters annually. After the program’s
termination, the waste cooking oil supply chain adapted independently. Of the 25,000 tons of used oil
collected annually, 30 to 40% is exported, while 60 to 70% is used domestically by the single remaining
producer.

This producer buys waste cooking oil at high prices from fast-food chains, making production costs
higher than diesel. Despite subsidies, domestic gasoline remains very cheap. For instance, the price is
less than USD1 per liter, making it difficult for biodiesel to compete.

Due to price disadvantages, producers export biodiesel to Europe. However, some domestic users, such
as McDonald’s, still use 100% biodiesel (B100) for transport. 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 led to poor adoption.

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 ethanol pose a 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.

In conclusion, Dr Chang reflected on Chinese Taipei’s history with biofuel, which began over 20 years
ago. At one point, large volumes of biodiesel, bio-alcohol, palm kernel shells, and wood pellets were
used or imported. However, since the termination of the biodiesel program in 2014 and the COVID-19
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.

Subsidy-driven 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 oil, but securing 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 suggestions for reviving the initiative.

Session1-3

“Malaysia's Biofuel Partnership Program”

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 Khushairi bin Mohamad Zamri, the Head of National Project & Technical
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Advisor for Global Wildlife Program. Mr Norizal has been involved in domestic, 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 on enhancing institutional and local capacities to combat wildlife crime
and protect iconic wildlife species.

Mr Norizal was previously the Head of the National Project for GEF-5's Green Technology Application
for the Development of Low Carbon Cities in Malaysia, a collaboration between the Sustainable Energy
Development Authority, Ministry of Environment and Water, and 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 of Malaysia, the GEF, and the Sustainable Energy
Development Authority. He outlined that the five-year project targeted five major cities in Malaysia,
addressing pollution and GHG emissions, particularly in the transport sector. Funding came from the
GEF, with co-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 Norizal highlighted the challenge of engaging
stakeholders such as Scania, Petronas, biodiesel suppliers, and public transport operators. Securing their
participation was itself a success, demonstrating mid- and long-term benefits beyond current B10, B20,
or B30 mandates. 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, ROVR, to supply buses with 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 emissions by up to 70%, 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 palm oil-producing economies
like Colombia; 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. The National 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 biodiesel-based Bus 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.

14



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

Question: Mr Glen Sweetnam
o Highlighted the complexity of the biofuel ecosystem.
e Pointed out unintended consequences of government policy (e.g., market distortions, supply-
demand mismatches).
e Asked whether Southeast Asian economies should promote regional biofuel trade and reduce
regulatory barriers.
Answer: Dr Natikorn Prakobboon
e Thailand has abundant raw materials (sugarcane, molasses, cassava, palm oil).
¢ Biofuel use may decline due to EV adoption and the “30@30” policy.
e High production costs limit Thailand’s export competitiveness.
¢ Emphasized that Thailand’s biofuel is non-GMO and farmer-sourced, providing environmental
advantages.
Answer: Dr Chia-Chi Chang
e Feedstock competition shifts with trends (e.g., SAF vs biodiesel).
Supports global carbon reduction rather than isolated local efforts.
Encourages exports from Chinese Taipei when domestic support is insufficient.
Raised ethical concerns over excessive use of cooking oil as feedstock.
e Warned that many “green” projects lack feasibility studies.
Answer: Mr Norizal Khushairi bin Mohamad Zamri
e Stressed the importance of industry readiness and mandates.
e Malaysia’s B20/B30 policies exist but scaling requires political will.
e C(Called for regional cooperation in Southeast Asia to align efforts and reduce inefficiencies.

Question:
e How can second-generation biofuels (non-food biomass) help reduce dependence on feedstock?
e What role do community-scale biomass/biogas projects play in Thailand’s energy transition?
Answer: Dr Natikorn Prakobboon
e Thailand has not widely adopted second-generation biofuels due to sufficient first-generation
feedstock (only 10% of cassava used for ethanol).
e Second-generation technologies are more expensive due to additional processing steps.
¢ Community-scale bioenergy is important but requires localized incentives and technical support.
Answer: Dr Chia-Chi Chang
e The distinction between first- and second-generation biofuels is semantic, not functional.
e Second-generation fuels (e.g., ethanol from cellulose) have lower energy efficiency.
e Bioenergy should be application-specific—diesel-type vs alcohol-type fuels serve different
purposes.
e Feedstock management is the most critical factor.

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

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

6. Session 2. “Synthetic Biofuels: Opportunities & Challenges and Recent
Developments”

Session Moderator:
Mr Thanan Marukatat, Research Fellow, APERC

Session2-1
“SAF initiatives and potential: Thailand case”
Mr Kittiphong Limsuwannarot, Chief Executive Officer and President, BBGI Plc. Thailand

Mr Kittiphong Limsuwannarot began his presentation by outlining Thailand’s strategic direction in
Sustainable Aviation Fuel (SAF). He emphasized the economy’s efforts to transition from conventional
fuels to low-carbon alternatives, and the crucial role of BBGI and Bangchak Corporation in this
transformation.

Mr Kittiphong explained that BBGI is Thailand’s foremost integrated biofuel producer and operates as
a key subsidiary of Bangchak Corporation. He highlighted the group’s successful diversification over
four decades from petroleum to green energy and bio-based sectors. BBGI, 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 generate value-added bio-products while supporting
domestic energy 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 ethanol. He underscored 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 ASTM-certified pathways:
HEFA (Hydroprocessed Esters and Fatty Acids), AtJ (Alcohol-to-Jet), and Gas-FT (Fischer-Tropsch). He
stated that while HEFA is currently the most mature, other pathways are gaining interest due to their
flexibility in feedstock use.

He elaborated on Thailand’s SAF policy, explaining that the government plans to implement a blending
mandate starting at 2% in 2027, increasing to 3% by 2030, and reaching 5—-8% by 2033. Mr Kittiphong
noted that HEFA will be the initial pathway due to its maturity, 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 2—5 times more than fossil jet fuel. He added that feedstock availability and scale-up
capacity are also pressing concerns. Nevertheless, Thailand’s strong agricultural base positions it well
for future SAF growth.

Mr Kittiphong shared details of BBGI ongoing construction of Thailand’s first SAF production facility.
The plant, located within Bangchak’s refinery, uses used cooking oil (UCO) as its primary feedstock. He
reported a total investment of THBS.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 BBGI expansion into synthetic biology. He explained that the
company is developing a CDMO (Contract Development and Manufacturing Organization) platform to
produce high-value products, including enzymes, collagen, and functional proteins, enhancing
Thailand’s bioeconomy footprint.

To conclude, Mr Kittiphong highlighted Thailand’s commitment to international aviation decarbonization
through its participation in ICAO CORSIA 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.

Session2-2
“SAF and e-fuels”
Mr Chua Wei Jun, Biofuels Analyst, S & P Global Commodity Insights, Singapore

Mr Chua Wei Jun began his presentation by addressing the current dominance of the HEFA-SAF production
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 progresses toward 2030, 2040, and 2050, he highlighted
the growing importance of ATJ (Alcohol-to-Jet) and eSAF (electro-fuel-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. Carbon sources 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 Non-Biological Origin).

Mr Chua outlined three main eSAF production pathways: converting captured carbon into e-methanol
or e-ethanol followed by Methanol-to-Jet or Ethanol-to-Jet conversion, and producing syngas followed
by Fischer-Tropsch synthesis to yield SAF. He stressed that these technologies are currently limited 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 production costs 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. Project financing 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 only on track 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. In Asia-Pacific, Australia and China
have begun to include green hydrogen and e-fuel production in their energy strategies. Policy clarity
and incentives are key to maturing the eSAF market.

He summarized the primary risks facing e-fuel 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 United States 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 are less developed.

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.

Session2-3

“Biofuels and SAF in Korea”

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 Renewable Fuel Standard is the central policy governing
biofuels. A mandate for biodiesel has been in place since 20135, starting at 2.5%, with 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
1t.

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 expressed 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 realities. 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-fuels, and others. This restructuring reflects the government’s intention to promote
development across all three sectors.

Dr Oh described the government’s experimental efforts in bio-marine fuels, which include both inland
and maritime testing. The fuels being tested are biodiesel and bio-heavy fuel oil. A pilot study was
conducted involving international ships using a 30% biodiesel blend. Currently, the government is
working on establishing quality standards for bio-heavy 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 policymakers. Dr Oh explained that the
motivation for this policy came from the European Union’s Refuel EU initiative. When the proposal
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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 interpret Refuel EU and 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 a 1% mandate in 2027. Dr Oh noted that this figure was chosen to
allow for testing related to safety and to provide time to develop a long-term expansion plan, particularly
because of Korea’s limited domestic feedstock supply. The year 2027 is regarded as a pilot phase, with
the aim to increase the blending ratio to approximately 5% shortly 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 increases. In 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 spikes. Feedstock remains a critical concern. Consequently,
the government is exploring e-fuels as a potential solution. However, Korea has limited available land
for solar photovoltaic and wind power installations, both of which are essential for producing e-fuels.
Therefore, e-fuel production is not expected to commence until around 2035. The plan is to begin with
HEFA-SAF, particularly co-processing methods.

Petroleum companies such as S-Oil and 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 Korea’s SAF blending roadmap. She referred to a
roadmap provided by Bloomberg but commented that its targets—exceeding 60 or 70% blending by
2050—are unrealistic for Korea. Instead, she suggested that a 50% target by 2050 is more feasible. The
development of specific SAF mandates is currently in progress, with her direct involvement.

Session2-4

“SAF and e-fuels”

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

Mr Thanan Marukatat introduced 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, noting that many current
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 2050 and net-zero emissions by 2065. The
updated NDC increased the reduction target from 30% to 40%. Thailand currently has around 18-20%
renewable energy, but it aims for at least 50% by 2050. He emphasized the importance of achieving
this without compromising industrial competitiveness.

Dr Nuwong then discussed his recent assignment from April to focus on SAF and e-fuels. He explained
that while SAF is a popular topic, e-fuels are more challenging and less developed in Thailand. He
highlighted the need to explore hydrogen-based SAF (eSAF) and Power-to-Liquid (PtL) technologies.
He noted that HEFA (Hydroprocessed Esters and Fatty Acids) is the current mainstream SAF
technology, while alcohol-based and e-fuel-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 producing HEFA SAF, and others such as Mitr Phol are
exploring Alcohol-to-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,
Thailand and Bali, Indonesia. He highlighted the differences in aviation fuel usage across ASEAN
economies, noting 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 to international sustainability standards.

He stated that future workshops will continue rotating among ASEAN economies and 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 and international aviation requirements.

He highlighted the importance of R&D, particularly in developing new feedstocks, and described how
current drafts of Thailand's Oil Plan and Alternative Energy Development Plan (AEDP) 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 Committee and its subcommittee on climate policy.

Dr Nuwong mentioned that Thailand is also studying ISCC 14 sustainability criteria and working with
the Federation of Thai Industries (FTI) to gather accurate CO2 emission data for ethanol, palm oil, and
UCO in the Thai context.

On the topic of e-fuels, he noted that his research organization supports hydrogen as a key component.
He mentioned the different carbon intensities of hydrogen and that although much of the e-fuel research
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 capture methane from waste and convert it into
usable energy.

He concluded by describing biogas treatment and scaling projects designed to create a waste-to-energy
ecosystem. These initiatives aim to support hydrogen production for future e-fuel use. He ended his
presentation by thanking the audience.

Q&A Session Summary

Question:
e How can SAF (Sustainable Aviation Fuel) development be moved into actionable progress?
e Referred to Dr Nuwong’s emphasis on expanding feedstock processing and securing supply
chains.
e Asked how governments and industries can work together to reduce SAF/e-fuel production
costs while ensuring scalability and sustainability.
e Specific follow-up questions:
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o Can investments in green hydrogen reduce production costs?
o What lessons can be learned from Korea’s certification process under ICAO CORSIA?
o Should partnerships or subsidies be established to support SAF infrastructure?
Answer: Dr Nuwong Chollacoop
e Economies of scale are essential to lowering SAF costs.
¢ Governments should stimulate demand so private investors will supply accordingly.
¢ Alcohol-to-jet pathways are more expensive but offer cleaner potential and greater availability.
e Transition mechanisms must be carefully designed to manage costs and implement CO:
reduction strategies.
Answer: Mr Kittiphong Limsuwannarot
¢ Investment decisions vary significantly across companies.
e Example: Bangchak invested USD300 million in SAF, benefiting from existing hydrogen
resources; standalone SAF plants cost 50-80% more.
e SAF is viewed as a high-value product, unlike commodity biofuels.
e Large investment requirements are a major barrier; economic justification depends on long-
term internal business perspectives.
Answer: Dr Hyunyoung Oh
e Airlines are hesitant due to SAF (high cost).
e Korea may establish a SAF support scheme funded through environmental charges added to
airfares—allowing money to flow from consumers to airlines and then to fuel producers.
Answer: Another Male Participant
e Compared SAF to Thailand’s bioplastics: consumers support sustainability in principle but
resist paying more.
e Biofuel oversupply in Thailand resulted from overly optimistic demand forecasts.
e While SAF is more expensive, airline passengers may accept price increases due to convenience
and willingness to pay.
e Unlike biofuels, SAF costs can be more easily passed on to consumers through airlines.
Answer: Mr Chua Wei Jun
e The main cost driver for SAF is used cooking oil collection, accounting for 70—80% of total
cost.
e Government models:
o EU: Passes cost to consumers, minimal subsidies.
o Singapore: Central procurement and a SAF levy on passengers via CAAS.
e Advocated for a fair, transparent pricing mechanism to prevent vendor price inconsistencies.
¢ Airlines are interested in SAF but need clarity and consistency in pricing.

Question: Mr Glen Sweetnam
e Are blending limits for SAF technical or cost-driven?
Answer: Multiple Participants
e Biodiesel blending in cars is technically limited but policy-driven.
SAF currently has an ASTM limit of 50% due to aromatic content.
Future technologies like methanol-to-jet could enable 100% SAF.
Initial blends of 1-2% are used to introduce higher costs gradually and test logistics.
SAF pricing will eventually be compared against carbon tax levels to justify economic
feasibility.

Question:
e  Which feedstock is cheapest among HEFA, ATJ, and used cooking 0il?
Answer: Mr Chua Wei Jun
e Used cooking oil is currently the cheapest feedstock.
e Palm oil is expensive due to market conditions and has a lower GHG reduction score.
¢ The industry is beginning to focus on cost of abatement, not just SAF type, to evaluate carbon
reduction effectiveness.

21



Closing Remarks by Moderator: Mr Thanan Marukatat
e The moderator thanked all speakers and highlighted the depth and relevance of the discussion.
e Applause acknowledged shared insights on SAF implementation, policy, economics, and
technical pathways.

7. Session 3. “Decarbonization in Power Sector by Biomass and Biohydrogen”
Session Moderator:
Mr Glen Sweetnam, Senior Vice President, APERC

Session3-1

“Biofuel : 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 decarbonization in the Mae Moh Smart City, outlining EGAT
commitment to a low-carbon 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 low-carbon economy. This includes achieving a 30% to 40% reduction
in greenhouse gas emissions by 2030, reaching carbon neutrality by 2050, and net-zero emissions by
2065.

Under Thailand’s National Energy Plan, the government targets 50% renewable energy, 30% energy
efficiency improvement, and 30% electric vehicle penetration by 2030. EGAT aligns its work with this
domestic strategy by following a “Triple S approach:

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

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

¢ Support measures mechanism: Building strong support mechanisms to ensure the transition is
feasible and effective.

Thailand’s total electricity generation capacity is about 34,300MW, with EGAT operating power plants
contributing around 16,200MW. 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 and hydrogen to strengthen energy security and
diversify the clean energy portfolio.

Electricity is generated by 53 EGAT-operated power plants. These include 3 thermal power plants, 6
combined-cycle plants, 30 hydropower plants, and 10 renewable energy plants (including wind, solar,
and pumped storage hydropower). She focused specifically on the Mae Moh Power Plant in Northern
Thailand, which operates coal-fired units (Unit 8—14) with a capacity of 2,455MW. This plant supplies
electricity to Lampang, Chiang Mai, Lamphun, and Mae Hong Son provinces, supporting economic
growth in the northern region. The cost of electricity generation at Mae Moh is less than THB2 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% biomass co-firing in 2026, increasing to 15%, and
eventually reaching 100% biomass usage.

For context, she provided the following comparison: a 300MW coal plant requires 1.69 million tons of
lignite and emits 2.1 million tons of CO.. Switching to 5% biomass would reduce coal consumption by
80,000 tons and cut CO-2 emissions by 100,000 tons annually. A full switch to 100% biomass would
require 1.3 million tons of biomass and would result in zero CO- emissions from coal, demonstrating
the environmental benefits and the importance of a sustainable biomass supply chain to meet carbon
neutrality goals.

Initial findings indicate that less than 5% biomass co-firing requires no major modification to existing
equipment, helping minimize development costs. New infrastructure required includes biomass
unloading areas, storage domes, conveyor systems, and biomass mixing stations. EGAT plans to
implement 5% co-firing at three power units, generating approximately 60MW of green electricity and
requiring about 260,000 tons of biomass pellets annually.

She described EGAT three strategies for sourcing sustainable biomass:
1. Growing trees — Partnering with organizations to cultivate fast-growing tree species.
2. Agricultural residues — Purchasing crop residues from local communities to reduce open
burning and increase rural income.
3. Wood pellets — Procuring high-quality pellets from reliable partners that meet international
sustainability standards and avoid deforestation.

The biomass initiative delivers several benefits:
e Environmental — Reducing carbon emissions and converting waste into energy.
e Economic — Generating income for farmers, creating jobs, and supporting local economies.
e Energy security — Ensuring stable and renewable energy supplies.
e Community engagement — Strengthening rural communities and fostering collaboration.
e Policy alignment — Supporting Thailand’s renewable energy goals and global climate targets.

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,
measurable CO: reduction, strong community engagement, and policy and regulatory support. EGAT
is committed to transforming Mae Moh into a clean energy hub and realizing its Smart City vision as
part of Thailand’s sustainable energy future.

Session3-2

“Biohydrogen”

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 current global 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 energy and ecological 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 corn for bioethanol, and Brazil uses sugarcane. In contrast,
China uses abandoned crop straw to generate renewable electricity, focusing on non-food biomass.
Biodiesel is also widely used globally.

Next, Ms Li 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 of biomass in oxygen-free 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 plant produces 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, to produce renewable methanol (e-methanol). 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 of large-scale straw collection, manure transport, and
wastewater storage in China. She emphasized the role of an 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 high-efficiency pretreatment system, including
components like automatic unpacking, straw shaving, and rollers. She explained that post-pretreatment,
two fermentation options exist: semi-dry 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 post-fermentation 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.

She described 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 electricity is 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 e-methanol, and even SAF.

Ms Li offered development suggestions for the Asia-Pacific region. She noted that the region has rich
biomass resources and great potential for anaerobic fermentation technologies. Economies like Hong
Kong, China and Singapore are developing supply chains for green methanol and SAF.

She outlined Hong Kong, China’s strategic plan to become a leading green maritime fuel bunkering
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. The plan includes establishing Hong Kong,
China as a green fuel trading center and creating a roadmap for a zero-carbon, multi-fuel 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 is to innovate 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 11 biomass types. She emphasized the model’s
applicability to the Asia-Pacific 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 stable full-load
production. This project is currently the only one in the world that uses dry straw exclusively to produce
biogas on a large scale.

She concluded by stating that regions rich in biomass can achieve large-scale bioenergy production
using DR Biomass’s anaerobic fermentation technology.

Session3-3

“Contribution to Carbon Neutral Society by Biomass use in Coal-fired Boiler”

- “Introduction of Idemitsu Green Energy Pellet” -

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 company involved 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 a 10-minute walk from Tokyo Station, the company has a
30% share in Japan's petroleum market and holds the top market share 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 still come from fossil fuels, necessitating a transition toward carbon neutrality. The company’s
resource business segment, where Mr Otani works, sells 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 South Wales. The company also has a unique coal-focused
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 product named 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 biomass co-firing
in coal boilers. He presented a table comparing typical biomass fuels and highlighted black pellet as the
most efficient and realistic option for use in pulverized 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 to coal.

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 co-firing test process, where black pellet is mixed with coal and processed through the
usual coal handling system. It took two weeks to achieve 20% co-firing at an existing plant. He noted
that similar tests have been successfully conducted at 20 power plants and factories, with positive
feedback.

The first commercial black pellet plant is located in Qui Nhon, Viet Nam, 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 COVID-19, but expressed
satisfaction in completing the plant.

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 producing 120,000 tons annually.

Mr Otani stated that Idemitsu is seeking business partners in Southeast Asia to supply woody
agricultural residues to increase production. Although the first plant’s output is limited compared to
their coal sales, the goal is to reach 3 million tons of black pellet 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 Goals (SDGs). He thanked the audience for their
attention.

Session3-4

“Decarbonization in Power Sector by Biomass and Biohydrogen in the Philippines”

Ms Anna Mikko G. Realo, Officer-in-Charge, Biomass Energy Management Division, Renewable
Energy Management Bureau, Department 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 biomass in the Philippines.

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. Both pieces 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 in the economy. 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 that the econoomy has a
biomass power generation potential of approximately 4,449MW. If fully harnessed, this potential could
result in a reduction of approximately 17 million tons of carbon dioxide emissions. Currently, however,
only 591MW are under commercial operation, which accounts for just 13% of the economy’s total
biomass potential 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 591IMW of new capacity added and now operating commercially. A significant increase in
installations occurred in 2019, driven by the feed-in tariff system that guarantees a fixed rate per
kilowatt-hour for electricity generated from eligible biomass facilities. The investment value of these
projects is estimated at approximately 38.10 billion pesos or USDI.8 billion, with an associated
reduction of 2.2 million 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 million tons of CO2 emissions.

Ms Realo shared data on registered biomass projects categorized by feedstock. The total installed
capacity of biomass power plants, including both grid-connected and self-use systems, is approximately
774.67TMW. Of this, 182MW are allocated for own-use or self-consumption. 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 18 for own-use
applications. Additionally, two projects are dedicated to non-power applications such as refuse-derived
fuel production and thermal energy generation.

She presented the four-point strategy of the Philippines’ Department 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 expand the economy’s transmission
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 energy projects, is therefore prioritized. The Department
also advocates for the voluntary early decommissioning and repurposing of existing coal-fired power
plants, with biomass co-firing seen as a viable alternative. This entails modifying existing coal boilers
to use biomass either exclusively or alongside coal.

She included updates on waste-to-energy 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
waste-to-energy technologies, provided that toxic emissions are controlled through advanced emission
capture and monitoring systems.

As of October 2024, twelve waste-to-energy projects are registered with the Department, using various
technologies including combustion, gasification, landfill methane capture, anaerobic digestion, RDF
production, and briquette manufacturing. The total capacity 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 waste-to-energy projects registered with the Department. Six
projects are operational, including two utilizing landfill methane capture with a combined capacity of
9.69OMW, three producing 650 metric tons of RDF per day, and one producing 30 metric tons of
briquettes per day.

She mentioned that a Waste-to-Energy bill is currently pending in the Philippines’ Congress. Both
chambers have draft versions of the bill, which is one of the administration’s legislative priorities. Final
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, affecting consistency 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 animal feed or
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, biomass feedstock 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 heightens the risk of
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 help identify where 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 security, support 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 a substantial contributor to the econoomy's renewable energy portfolio and a crucial element
in global decarbonization and clean energy transition efforts.

Q&A Session Summary

Question: Mr Glen Sweetnam
e Bioenergy is often not financially viable without support—how much government assistance
do the projects from China; Japan; the Philippines; and Thailand require?
e Arethese projects viable independently, or do they depend on concessional financing, subsidies,
or regulations?
e Can these models be scaled effectively?
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Answer: Ms Ornnicha Phalino

e Thailand is still evaluating biomass electricity pricing to match domestic electricity rates.
Biomass electricity increases cost slightly (0.0024 Baht/kWh), which may be acceptable.
Approval depends on competitiveness with gas-fired power.
Carbon tax on lignite and community compensation could further improve viability.
If competitive pricing and carbon costs are addressed, government approval is likely.
Answer: Ms Alice Li

e 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

e Black pellets cost USD300/ton, while Australian coal is less than half that price.

e Coal users in Japan receive limited subsidies, prompting lobbying efforts.

e Need to balance subsidies with regulations such as Japan’s Energy Saving Law.

e Believes market entry for black pellets is possible using both regulatory incentives and

economic measures.

Answer: Ms Anna Mikko G. Realo

¢ Government incentives include:

o Fiscal: 10-year duty-free importation, 7-year income tax holiday (extendable to 21
years), reduced corporate tax (10% after holiday), VAT exemptions.
o Non-fiscal: Renewable Portfolio Standard requiring utilities to source renewables
(raised to 2.5%), and former feed-in tariff guaranteeing fixed pricing.
¢ New Green Energy Auction Program replaces feed-in tariff, offering an assured market.
e Additional benefits: exemption from government sharing fees, full foreign ownership allowed
for biomass projects.

Answer: Mr Glen Sweetnam

¢ Noted that projected global biomass growth is only 100% over 40 years.

e Based on panel insights, suggested higher real-world growth potential.

e Proposed follow-up with panelists to refine economy-level projections.

Question: Participant from Papua New Guinea
e Can other players participate in the Philippines’ power generation market?
e Are feed-in tariff rates different across technologies?
Answer: Ms Anna Mikko G. Realo
e Feed-in tariff rates vary by technology.
e Feed-in tariff system is now closed, replaced by the Green Energy Auction Program.
e Electricity pricing is regulated by the Energy Regulatory Commission, not the Department of
Energy.

Question: Dr Kazutomo Irie
e Does biomass co-firing affect coal ash disposal and exhaust gas quality?
Answer: Mr Naotsugu Otani
e Biomass produces less ash, reducing total ash volume.
¢ Ash composition changes, making it unsuitable for certain uses like cement.
e More long-term operational data is needed, as the commercial plant has just begun operations.
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Comment: Male Participant
o Flexibility in power systems is essential for integrating renewables.
¢ Coal-to-biomass co-firing is a promising approach.
e China is adapting coal plants for flexible, low-carbon energy integration.
e Praised the Philippines and Japanese presentations for technical and policy insights.

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

8. Closing Remarks
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, APERC, 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 encouraging for those
pursuing decarbonization, 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 once again for their kind participation and contributions.
He then declared that this part of the symposium meeting was adjourned.

9. Site Visit

The Mitr Phol Sugar and Ethanol Plants in Phu Khiew were selected as the site visit location. Mitr Phol
was ranked as the 4th largest sugar producer in the world in 2023, and 2nd in 2018. The complex 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 Room. After the 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 lunch. Participants experienced
practical applications and case studies at a cutting-edge site. The site visit was essential for participants
to deepen their understanding.
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VI. Appendix A: Agenda

“APEC Symposium on Bioenergy”

- APEC 3rd Sectoral Symposium for Energy Transition -
Agenda

Date: 3-4 December 2024
Venue: Orchid Ballroom (2F), Pullman Khon Kaen Raja Orchid Hotel, Khon Kaen, Thailand
Format: In-person 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, Ministry
of Economy, Trade and Industry, Japan

10:25 - 10:40 Scene Setting: “Outlook for Bioenergy in APEC: Two Scenarios”
-Mr Glen Sweetnam, Senior Vice President, APERC

10:40 - 10:55 Group photo

Coffee break

Session 1. “Biodiesel and Bioethanol: Opportunities & Challenges and Recent Developments”
e Biodiesel
e  Bioethanol

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

(70 min) "Thailand Latest Policy to Promote Bioenergy"-Dr Natikorn Prakobboon, Department of
15 min/speaker Alternative Energy Development and Efficiency (DEDE), Ministry of Energy, Thailand

“Bioenergy in Chinese Taipei and Asia” -Dr Chia-Chi Chang, Taiwan Bio-energy
Technology Development Association, Chinese Taipei

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

12:05 - 12:25 Discussion and Q&A
12:25 - 13:35 Lunch (Room: Chat Tan: 1F)
(70 min)

Session 2. “Synthetic Biofuels: Opportunities & Challenges and Recent Developments”
e Sustainable Aviation Fuel: SAF

e E-fuel
13:35 - 14:45 Session Moderator: -Mr Thanan Marukatat, Research Fellow, APERC
(70 min)
15 min/speaker “SAF initiatives and potential: Thailand case”
-Mr Kittiphong Limsuwannarot, Chief Executive Officer and President, BBGI Plc.
Thailand
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“SAF and e-fuels” -Mr Chua Wei Jun, Biofuels Analyst, S & P Global Commodity
Insights, Singapore

“Biofuels and SAF in Korea” - Dr Hyunyoung Oh, Associate Research Fellow, Korea
Energy Economics Institute (KEEI), Korea

“SAF and e-fuels” — Dr Nuwong Chollacoop, Research Group Director, National Energy
Technology Center, Thailand

14:45 - 15:05

Discussion and Q&A

15:05 - 15:20

Coffee break

Session 3. “Decarbonization in Power Sector by Biomass and Biohydrogen”

15:20 - 16:30
(70 min)
15 min/speaker

Session Moderator: -Mr Glen Sweetnam, Senior Vice President, APERC

“Biofuel : 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

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

“Contribution to Carbon Neutral Society by Biomass use in Coal-fired Boiler” -
“Introduction of Idemitsu Green Energy Pellet” -

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

“Decarbonization in Power Sector by Biomass and Biohydrogen in the Philippines” -Ms
Anna Mikko G. Realo, Officer-in-Charge, Biomass Energy Management Division,
Renewable Energy Management Bureau, Department of Energy (DOE), The Philippines

16:30 — 16:50 Discussion and Q&A
16:50 — 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

8:15-13:30 Site Visit:

Mitr Phol Biofuel Co., Ltd.
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VII. Appendix B: Symposium Presentations

Session1-1 '"Thailand Latest Policy to Promote Bioenergy"
Dr Natikorn Prakobboon
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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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Dupartment of Altsrnative
Energy Development and Efficiency

‘\ MINISTRY OF ENERGY
EVs, effect on declined biodiesel consumption .

< The Fuel Fund Act, B.E. 2562 (2019), Section 55, cancel subsidy for fuels
blended with biofuels starting from 2027 onward. @
<+ The National Environment Board's resolution on July 20, 2020, to enforce
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.

¢ 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.

Department
Energy

of Altarnativ
Sarre wnd EFssy
) minisTRY OF ENERGY

0 Mandate B7 Euro5 , this is the maximum blend ratio currently approved by automobile manufacturers.
Consider increasing the blend ratio above 7% when automobile manufacturers approve its use.

0 Supply Chain Management with relevant agencies to ensure that palm oil stock levels do not tivel

Challenges and Obstacles in Promotion Biodiesel

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

13

Measure and implement

&

«

&

Dapartment of Altsrnative
Energy Development and Efficiancy

MINISTRY OF ENERGY

AEDP 2024 (Draft)

Biodiesel consumption (2022 - 2037)

70.0 8.0
60.0
s0.0
a0.0
0.0

200

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

o Diesel e Biodies]

Remarks: 1. This foracast is based on the DOEB's National Plan study in 2022,
2.In 2024 B7 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

Dapartment of Alternat

ey Davagpimare wndl Erfssdy

MINISTRY OF ENERGY

Measure and implement (cont.)
o i
= o i
S S

Q Support and promote High value added product
of palm , such as Sustainable Aviation Fuel (SAF),

g y
impact the oil palm price and use this data to estimate an appropriate biodiesel blend ratio.

0 Develop high-quality oil palms with relevant agencies. Currently, the Department of Internal Trade has
enacted regulations to set standards for purchasing high-quality ml palm fruits. This includes promotion
Roundtable on Sustainable Palm Oil (RSPO) to enhance the col of the biodi and downstream
industries,.

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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Pesticides/Insecticides

Diesel

(HEFA to Jet fuel)  Bio-Transformer oil Bio-Hydrogenated Diesel (BHD), and Bio
(BHD) Transformer QOil, following the guidelines of the
(’M'B ‘“ e working group on new businesses to support the
\9 O 3 energy transition by the Department of Energy
' p Business (DOEB). And support the use of palm oil
Base oil Methyl Ester Sulfonate (MES) |n other industries , especially the eight targeted

products as app d by the
Subcommmee on Enhancing Competitiveness in
the Oil Palm and Palm Oil Industry and the
National Oil Palm Policy Committee.

Bio Lubricants
and Greases



Sessionl-2
Dr Chia-Chi Chang

Asia Pacific Energy Research Centre (APERC)

D

Asia-Pacific
Economic Cooperation

APEC Symposium on Bioenergy
- APEC 3rd Sectoral Symposium for Energy Transition

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.

57.5% 42.5%
Traditional Modern
£ loma: “bi + Bioalcohol *SAF
— Bioelergy * Biodiesel *HVO
Housetiold heating !1: Central
lllumination heating
Caaking 5 Industrial Solid =~
ﬂt heating olid biofuel: frm agricultural and forestry

residual
» Waste fuel: Municipal solid waste(MSW),
i ial waste ins bi /

Buming charcoal, agricultural
and forestry waste, and animal
manure

Transportation

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

OUTLINE

*Renewable Energy Policy in Chinese Taipei
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“Bioenergy in Chinese Taipei and Asia”

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
S -

+ Hydrogenated triglycerides and lipids
(HVO),

ik~ m

« Biomethane from upgrading of
anaerobic digestion biogas.

= -

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

11

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 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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Session1-3 “Malaysia's Biofuel Partnership Program”
Mr Norizal Khushairi bin Mohamad Zamri

Biofuel Partnership

(Low Carbon Public Transportation)

‘GREEN TECHNOLOGY APPLICATION FOR
THE DEVELOPMENT OF LOW CARBON CITIES

Program

GTALCC

CHNOLOGY APPLICATION ror

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 carben Lead Agency / Consultant SEDA Malaysia
| 05 [ PrROJECT LOGO

urban development.

~ GREENTECHNOLOGY APPLICATION roi
THE DEVELOPMENT OF LOW CARBON CITIES

ROLES & RESPONSIBILITIES

International Pariner UNDP & GEF

Gavemment of Malaysia | Economic Planning Unit

Prime Minister Department

Ministry of Environment &
Water, Malaysia

13 17 s

Component 2 Awareness and
Instiftutional Capacity Development.

Component 3 Low Carbon
Techriology 8 Solufions 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) ozl
- 3 . | UNDP Cost Sharing (UNDP) 50,000

5. Iskandar Malaysia (IRDA, MBIP, MBI, MPPG, b
MDP & MPKu) 184,136,278

| 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

POLICY SUPPORT FOR THE
PROMOTION OF INTEGRATED
LOW CARBON URBAN
DEVELOPMENT.

Component 1 address the

strengthening of planning and

developmenl pollmes standards and
g low carbon i

urban developmenl and local capacity to

implement central Government policies

COMPONENT 2
AWARENESS AND

INSTITUTIONAL CAPACITY |
INVESTMENTS IN CITIES

DEVELOPMENT.

Component 2 address the lack of
awareness and technical capacily

COMPONENT 3

LOW CARBON
TECHNOLOGY

Component 3 address barriers to
access and investment in green

and g the i
arrangements of
state and local level for low carbon
climate resilient development and
integrated urban planning.

B100 Biodiesel for Public Transportation

MRT Feeder Buses (2022)

ia Petronas ROVR

at Facilityin Portiiang.

ministries,

within an i
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.
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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

I TECHNOLOGY APPLICATION /Ot
OpivENT OF LOW CARBON CITIES

National Low Carbon Cities Masterplan
Low Carbon & Green Vehicles

KUALA LUMPUR (Sept 27, 2021): Malaysia is
m committed to its target of becoming a carbon-neutral
= i 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)

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

Biodiesel Mandate in NETR ST
1 OF LOW CARBON CITIES.
Green Mobility
remains a promil c to GHG emi: in

Exhibit 5.7: Transport
sector’s GHG emissions

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.

‘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-

g cerpt of key initiatives for
heavy vehicles under the NETR

Fand amsgortaton

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
v CARBON C

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




Session2-2 “SAF and e-fuels”
Mr Chua Wei Jun

S&P Global | We Accelerate Progress

S&P Global
Commodity Insights

S&P Dow Jones

Indices

ENHANCED CUSTOMER VALUE PROPOSITION KEY STATS S&P GLOBAL BRAND FRAMEWORK
Global SAF and e-SAF I owvisen
Powering the Markets of the Future Accelerate Progress
9 ~!
development 658% ~SMB ourvales
inforToton & senices. aimgs, D300s e oy
' commodiies & energy, and transporiation & SR Dy, P i A
b breakthrough connections for
We will provide technical expertise and thought- thinking fo uncaver:  Impact
leadersh omprehens tent an n:‘::eur(-s of
advance alytics 10 inform our customer: W
il decrions e poe e ket af e >35K
s Peape e
RAN D CE 'EEK
Our comprahensivs solutors encompass dat » CERAWEEK
platforms, benchimarks and analytics. We will .
leverage rovation and achoooy capabilies g -
. inchxti Kensho 6o IHS Mork Dota Lok~ S&P Global Ratings ) o
APEC Symposium on Bioenergy ~$350M ~$600M
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Chua Wei Jun, Biofuels Analyst

3" December 2024

S&P Global Commodity Insights:

& 2534 547 G

With a powerful set of capabilities, content, products and platforms

* Monthly forecasts, 2 years ahead -,
Capabilities Commodities Products & Platforms + Annual forecasts, up to 2050
= Agriculture e price for key ot
|54, Assessments & Benchmarks Biofusls Chemical Week feedstocks nogallve marging sed ited storege
d Coal . oy G * Product price forecasts for ethanol,
Be. poom sty : FAME, renewable diesel and SAF

Electric Power

We vl develop new products
mar .

stion, private markets. and

S&P Global

Biofuels Analytics:

PLATTS DATED BRENT

Permission to reprint of distribule any content fom this presantation fequires the prior witien apgvoval of SAP Global Market Inteligence

Global production/ consumption, prices, manufacturing economics, trade flows

+ Global supply-demand estimates

]  Research & Insights Energy Transition bcggg ect” PlattsConnect™
el
Workflow solutions LNG o - + Trade flows and economies
Metals + Global capacity database for ethanol
= ™ ™ ! i
151 Software Natural Gas Kingdom Harmony Enterprise’ FAME, renewable diesel and SAF
£5 Conferences Nuclear « Deal trackers for feedstocks, SAF and <o
Oil & Refined \WEEK l marine bio-bunkers .
5 Gansuiting b CERAWEEK Fertecon
tadanicals + SAF market outlook report (quarterly) i l 11 I I I I
Shipping i 2
SaP Global SP o RS- et .
Co ty Insi © 3024 59 G C nod

SAF is dependent on policy support, but the global regulatory landscape is very

fragmented
T mandate ©2 incenives 24 Avines
= [fff]| * ReFuslE Aviation sos targetof 70% vol by 2050 intho EU. RFNBO b targotof
i 35% by the same date. The UK approved a SAF mandate of 22% by 2040.
10%° + Theus seeking 3 b i production by
Thi = 2030, increasing to 35 billion by 2050 under its ‘SAF Grand Challenge’. 35 billion
P I 50 I g X “Based on 3-billon-galion target gallons is the estimate of total aviation jet fuel usa in 2050.
olicies and Initiatives - ine: 501y 2128 G
€ N Indonesia: 1% In 2027
s Thalland: 19% in 2026, 5% by 2036
2 Singapore: 1% by 2026, 3.5% by 2030
= : 19% by 2027, 2%
& A —————— o e
Korea. 1% by 2027
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Ailines driving growih in Middle East N

Garbon neulral growth
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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 statod mandates but higher share expected in Middie East due to
connectivity role with other Key regions.

+ IATA's Net Zero strategy for 2050: 65% SAF, 13% offsets and carbon capture, 13%
new technology: 3% infrastructure and operational efficiencies

+ ICAO (UN) does not have a global SAF mandate. but supports CORSIA, a marke!-
based mechanism 1o address carbon emissions from international air travel

0300 54 Gonnd



CORSIA - developed by ICAO, is designed to deal with international aviation

Use of RFNBOs in road, aviation and shipping can all contribute to the minimum
emissions which are not governed by UN climate framework

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

cors,

5&P Global
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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

Targets and coverage

. in2025, aviation must increase. SAF supplied in total
aviatlon fue), starting al 2% and growing 10 70% by 2050, This includes a synthetic aviation fuel sub-target.
incroasing from 1.25% in 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

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.

ystom should be

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

ReFuelEU Aviation SAF targets
% of £U et fusl mix by volume
 Ctrer SAF

=Synihetic aviation fust sub-arget  Fossilje|

100%

20%

o%
2025 2030 2035 2040 2045 2050

0303 545 Gied

expected to see significant growth in demand compared to other biofuels

Global SAF blendrate by region

(SAF blend rate in et fuel, vol%) (Million metric tons)
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% w0
Middle East, 40
17%
30 4
10% Latin America, . |
8% 20 | LI
CIS, Africa, <5% 10 ll “ I I
- d L[]
2020 2030 2040 2050 2015 2020 2025 2030 2035 2040 2045 2050

Dt complat oy 11 504
‘Sorce 541 G Commosy Fagis
4P sl

S&P Global
Commodity Insights

Global SAF demand by region
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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 068 biofusls + RFNBOSs must contributo & minimum of 1% 1o transport énergy by 2030 but can double count” towards Ihis
Other RE =Min Ancex [X-A biofuels targot. Member States may aiso sat a higher tasget than the 1%
#Min RFNBOs

+ Tobe eligible for support, RFNBOs must achieve a lifecycle GHG emissions saving of 70%.

Compliance options include:

gﬂ Use of green H, as an intermediate product in the production of conventional transpart fuels

and biofuels
20%

Use of 8:SAF in aviation, with an additianal muliplier of 1.5%

- H

5%

e Use of RFNBOS in shipping, with an addiional multplier of 1.5 (e.g. green H,, e-methanal)

0%
Hs
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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SAF Fundamentals
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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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Direct green hydrogen use in road transport e.g: i fuel cell eiectric or hydrogen vehicies)

0300 54 Gind
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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

High production costs. E-fuels currently cost several imes more to

@ produce high

G081 ofgreen hyshogen pradction,as well a8 the CAPEX ol -hisls
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
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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Private Commitments
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Key e-SAF investments and agreements (2/2)

Offtake volume

Investor/Buyer | TargeSeller (it applicable Duration | Start Background

UAV made an undisciosed investment in UK o-SAF start-up
oxcey Equity investment 2023 - - - OXCCU, who raised $22 millon in Series A. A demonstration
project is plannied in the UK from 202€.

Microsoft invested an undisclosed amount n the US -fuels start-
up Dimansional Energy, wha raisod $20 million in Series A.
Microsoftwill offtake e-SAF from Dimensional's planned project in
New York state.

United Aifines
Ventures

Dimensional ¢ "
Microsolt iy Equity Investment 2023 Undisclosed 2028+

Amaz i Infinium
Undisciosed - - Plodge Fund n 2001 Furlher o(maawnmn( announced for

ediesel from Infinium's Texas faciites.

Both companies to purchase e-SAF from the US start-up Tweive,
Twelve Offtake agreement 2024 Undisciosed - 2026 volumes from a
Wastinglon, the US

MoU to collaborate on advanced production and use of Twelve's

Equiy investment/ 5,

ke LAY offtake agreement

Alaska Aulines,
Shoply

Ethad Aiways  Twelve Mol 2023 - - - ©-SAF in Etihad's network, starting with an international
demonstration fiight.
Strategic Mol signad for the purchase of a-SAF from four SPIC o-SAF
Cathay Paciic  SPIC anorshiphoy 2024 Undisciosed - 2026+ projocts in China, each with a capacity of 50-100 kllyear.
v xpected commissioning from 2026 onwards.
1AG 10 purchase one-third of its 2030 SAF target. 16 be supplied
Interrational 785 ke In total
Alrline Group Twelve Offtake agreement 2024 (280 millon gayj  14¥ears 2026 m .::t\vn ‘s demonstration project in Washington and future
Datscomptaas 22004
o —
92004 840 Ol
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Key e-SAF investments and agreements (1/2)

Duration |Start Background

‘Non-binding agreement to purchase &-SAF trom future
- Promethus Fuellacites Amarican Aines has 4 nel2sm

Upto30ktintotal _

Ametican Alrines  Prometheus Fuels Offtake agreerment 2021 (10 million gal)

tasget for
Equily Investmant made by United Ailines in the US-based start

United Airines: 2::‘9";‘“"3' Equity invesimant 545 Alloast871KL 20 oars 2030 up, including a commercial commitment to e-SAF offtake from

e Agreemant for the offiake of all - SAF produced at Arcadia's irst

Arcadia eFuels  Offtake agreement 2022 2028 faclity In Vordingborg, Denmark, scheduled for commissioning In
2028,

~55 K per yoar
Aviation Denmark (18 milion gal)

United Airines Ventures (UAV) launched the Sustainable Fiight
Fund (0 invest in SAF starf-ups, worth over £200 million in capital.

United Alfines
Ventures Tvesimentiiod: 262, = = 2023 panticipation from over 22 corporates, Including baris, airines.
software companies and technology liconsars.
MaU F fram 2028 orward
Icelandair Idunnkz MoU 2023 U“; e '5n"' ol 2028 planned project in lceland. Icelandair has a 50 carbon
e Sikongal). ‘emissions reduction target for 2030, and net-zero targel for 2050
T Norwaglan became a shareholdor n Norsk e-Fuel with an
Norwegian Air  Norsk e-Fuel Equily investment 2023 y’a'ﬂ!’(z S m‘;m = 2028 investment of up to $6 milion. to co-develop the Mosjoen plant in
rpey Nonway. planned from 2025,
o compan e 2020
S e ooty v
Py
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Contact us

PRIMARY CONTACT(S)

Biofuels Value Chain Service
il lics

CONTACT US

Americas +1 800 597 1344
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Session2-3 “Biofuels and SAF in Korea”
Dr Hyunyoung Oh

~ RFS, Main Biofuel Supply Policy
]

OfILAXIFH A

it o Eney Lonoms

Renewable Fuel Standard of Korea :

BiOerls and SAF in Korea A policy requiring fuel producers or importers to supply biodiesel
blends with diesel at ratios exceeding the mandatory minimum

KEE|, Department of Renewable Energy policy Research History
Hyunyoung Oh +2002: Pilot biodiesel supply project implemented in the Seoul metropolitan area
*2006: Economywide biodiesel supply project launched
*2007: Voluntary biodiesel blending encouraged
* Blending ratios: (2007) 0.5% - (2008) 1.0% - (2009) 1.5% -> (2010-2013) 2.0%
*2012: Mandatory biodiesel blending introduced (Blending ratio: 2.0%)
+2013: Legal obligation for Renewable Fuel Standard (RFS) specified
* 2015: Mandatory biodiesel blending implemented (Blending ratio: 2.5%)
* 2018: Blending ratio increased to 3.0%
* 2021: Blending ratio set to gradually increase to 5.0% by 2030
* Blending ratio: (2021.7-2023) 3.5%, (2024-2026) 4.0%, (2027-2029) 4.5%, (2030 onward) 5.0%

2

RFS, Main Biofuel Supply Policy AR “ Biodiesel Feedstock Supply Status bk iy “
< Yearly Achieved Biodiesel Blend Ratios > Limitations in Domestic Feedstock Supply
% 2015 M2016 2017 = 2018 W2019 W2020 W2021 w2022 w2023 00 o w200 2 w: e 800 I oo ety 0
— Total Domestic Feedstoc
Bis Domestic UCO 1513 1628 1609 1754 174 1719 1659 351 ~—Total Imported Feedstock
700 95.1 35
DomestcAnmatfat 212 171 16 87 38 455 585 /\Q\\Bﬁ 3 — 6708
4+ 258 252 253 303 3.03  3.02 3.27 3.54 3.60 ofomaien) Szl s [ben %7 @2 g0 294 ; /“ S Te—ika— 30
3/ To ook 1752 1805 176 1841 1778 241 2617 s/
Groas g s b | es wa meg O 3
24 ™ am a4 W67 3 3 w8 A3 4 2
1 imporedfelned 437 ygy a3 w2 w0s 77
o Imported UCO 143 114 54 652 1328 589 02 300 3

\mported Animal Fat 31 & 08 07 ..

ohemowd i gy ws uwe ns e s

e
| [ 2023 | 2024 | 2025 2027 | 2028 | 2029 | 2030~ Tt i i st s es @en eus 100

Obligation ~ 3.5% 4% 4% 4% 45% 45% 4.5% 5% e 2 e o o it e M s

Domestic Ratlo 351 294 76 2 204 279 81 20 2019 202 202 22 202.
Achieved 3.60% - - = = = = - 017 2018 01 020 021 20, 023

Alternative Fuels to Replace Petroleum Bio-Marine Fuel Pilot Study

In early 2024, the law was amended to update the list of alternative fuels to
replace petroleum products.
This list under the law indicates the products that Korea aims to promote.

Marine Pilot Study of Bio-
Heavy Oil and Biodiesel :
Seven Test Fuels, 40 Hours
Each, Total 280 Hours

= Biofuels = e-Fuels (Renewable Synthetic Fuels)

- Biodiesel - e-Diesel e G" i¥igo) ?

- Bio-Heavy Fuel Qil(Bio-HFO) - e-SAF BD 5% 40

BD 10% 40

- Biojet fuel(Bio-SAF) - e-Methanol 8D 20% 40

- Biomethanol - e-Gasoline HedvyjEcel (OIS A0

Bio-HFO 10% 40

- Bioethanol = Others : Dimethyl Ether (DME), etc. Bio-HFO 20% 40
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Bio-Marine Fuel Pilot Study

AURIEHARY

WMXI’JWE?H%

SAF Supply Policy

Marine Pilot Study of Biofuel for International Ships: HFO(70%) + BD(30%)

—>Supply of 5,100 MT of Marine Biofuel Meeting ISO 8217 RMG380 Standards

- Completion of 6 Voyages with No Abnormalities Observed in Applied Ships.

- Comprehensive Data Collected on 32 Performance Metrics, Including Main Engine and Generator Safety,
Performance, and Defect Analysis.

Direction for Establishing Quality Standards

- Extensive Data Secured on Biodiesel Quality and Performance. Proposed to Apply
Automotive Biodiesel Standards if No Significant Changes in Feedstock or Manufacturing
Processes Occur.

- Due to the Characteristics of Bio-Heavy QOil, High Acid Number and Metal Content May
Cause Fuel System Corrosion, Filter Blockages, and Reduced Engine Performance.
Currently Reviewing Draft Quality Standards Based on ISO 8217.

- Plans to Establish Performance Evaluation Standards for Marine Bio-Heavy Oil, Including
100% Bio-Heavy Oil and Blended Fuels (e.g., 30%), Through Performance and Emission
Tests.

WM‘I’JWS?&

SAF Expansion Strategy 2024

In October 2022, the 'Green Biofuel Expansion Plan' introduced the first
strategy for SAF supply.

"Bio-jet fuel and bio-marine fuel, not yet commercialized domestically,
are undergoing demonstration projects to enable swift adoption in
Korea (targeting 2026 for bio-jet fuel and 2025 for bio-marine fuel).

To establish a legal framework for new biofuels, research studies will
be completed this year, followed by legislative amendments starting
next year."

Announced in July 2023 : "Demonstration studies on bio-jet fuel and bio-marine

fuel, involving both production and demand sectors, to commence in the second
half of 2023."

WM‘\’JW‘E?‘ﬂ%

SAF Expansion Strategy 2024

Policy Announcement Dedicated to SAF(2024.8.30.)

The Ministry of Trade, Industry and

Energy (MOTIE) and the Ministry of Land,
Infrastructure, and Transport (MOLIT)

jointly announced the "Sustainable i
Aviation Fuel (SAF) Expansion Strategy"
to reduce carbon emissions from__
international aviation and create ne
industries at Incheon International
Airport Terminal 2 on Friday, August 30,
with officials from the oil and aviation
industries in attendance.

Commencement of SAF Commercial Refueling Operations (from 2024)

Starting August 30, 2024, domestic airlines will begin regularly scheduled international flights refueled
with domestically produced SAF certified by the ICAO at Korean airports.

Airlines will independently determine the routes, duration, and SAF blending ratios, while refueling will
proceed through purchase agreements with domestic refiners.

< Domestic Airlines Partici in SAF C ial Refueling Op: in 2024 >

* Korean Air (from Aug. 30, 2024): Incheon -> Haneda, refueling once weekly with 1% SAF blend.

* T'way Air (from Sep. 2, 2024): Incheon - Kumamoto, refueling once weekly with 1% SAF blend.

* Asiana Airlines (from Sep. 7, 2024): Incheon -> Haneda, refueling once weekly with 1% SAF blend.
« Eastar Jet (from Oct. 2024): Incheon - Kansai, refueling once weekly with 1% SAF blend.

« Jeju Air (from Q4 2024): Incheon - Fukuoka, refueling once weekly with 1% SAF blend.

« Jin Air (from Q4 2024): Incheon -> Kitakyushu, refueling once weekly with 1% SAF blend.

With this initiative for commercial refueling operations using SAF, Korea will be listed on the ICAO website
as the 20th economy worldwide to implement SAF refueling.

SAF Expansion Strategy 2024 ngrzra SAF Expansion Strategy 2024 R
Promoting Voluntary SAF Utilization through Public-Private Collaboration (~2026) . . .
Mandatory SAF Blending for International Flights from 2027
To expand the use of SAF domestically, an "MOU for the Commercial Use of SAF" was The Ministry of Trade, Industry and Energy (MOTIE) and the Ministry of Land,
signed on August 30 between the Ministry of Trade, Industry and Energy (MOTIE), the Infrastructure and Transport (MOLIT) plan to mandate the blending of SAF at
Ministry of Land, Infrastructure and Transport (MOLIT), Korean domestic airlines, approximately 1% for all international flights departing from Korea starting in 2027.
domestic oil refiners, Incheon International Airport Corporation, and Korea Airports
Corporation. This initiative follows the International Civil Aviation Organization (ICAO)'s enforcement of the Carbon
Offsetting and Reduction Scheme for International Aviation (CORSIA) as a mandatory regulation for all
Participating domestic airlines include nine companies: Korean Air, Asiana Airlines, Jeju Air, Jin Air, Eastar 193 member economies, signaling strengthened carbon regulations in international aviation.
Jet, T'way Air, Air Busan, Air Premia, and Aero K. Participating domestic oil refiners include five companies: To minimize the impact of SAF usage mandates on airlines' carbon reduction costs and ticket prices,
SK Energy, GS Caltex, S-Oil, HD Hyundai Oilbank, and Hanwha TotalEnergies. MOLIT is considering several measures, including improving the allocation method for international air
MOLIT and Incheon International Airport Corporation plan to provide various incentives to promote SAF traffic rights, introducing a tentative "Aviation Carbon Mileage System"(to be studied in 2025), and
usage and establish an eco-friendly aviation hub. Proposed measures include "increasing allocation points reducing airport facility fees. These efforts aim to support airlines in adapting to the mandatory SAF
for international air traffic rights" and "supporting SAF-powered flights at Incheon Airport." requirements while promoting eco-friendly aviation.
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SAF Expansion Strategy 2024
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Formulating SAF Mandate Policy

Investment Support for Expanding D
The government is actively promoting initiatives to expand d
Designation as New Growth and Core Technology
* Incentives are being planned to alleviate the burden of high SAF production costs in the future.
Regulatory Reforms to Broaden Feedstock Range

* Active regulatory reforms are underway to expand the range of SAF feedstocks.

* Upon confirmation of new domestic SAF production facility investments, a dedicated task force (TF) will be
established with the participation of relevant ministries, local governments, and industries to provide
concentrated support for permits and approvals.

Advancing SAF Production Technologies with Diverse Feedstocks

* In addition to used cooking oil, the primary SAF feedstock, the government will:

+ Collaborate on investigating overseas bioresources such as animal fats and palm byproducts, which can be
utilized with current technologies.

* Support domestic companies in conducting SAF production demonstrations and quality verifications for
desired feedstocks.

* Develop next-generation feedstock technologies, such as:

* Microalgae.
* Green hydrogen.
» Strengthen the capability to supply raw materials for SAF production.

ic SAF Production

ic SAF prodi Key include:

13

Trends in SAF Production by Korean Refiners

Key C d for SAF i

Policy

* Fines for Non-Compliance
« Evaluate new fines or adopt an RFS level
* Example: The EU imposes fines equivalent to at least twice the cost difference between SAF and fossil fuels.
* Flexibility Regulations
* Consider such as
« Example: Norway allows fuel
suppliers.
Example: The UK permits fuel suppliers to trade compliance certificates and use surplus certificates to meet up to
25% of the following year’s requirements.
* Price Stabilization Measures
« Explore the need for public sector strategic SAF procurement to stabilize prices.
« Feedstock Supply Measures
* Analyze the current distribution of HEFA SAF feedstocks used for biodiesel production.
« Develop strategies to secure additional SAF feedstocks d ically and i
* Assessand blish feedstock all i gies b SAF and biodiesel prod

ing excess SAF or deferring shortfalls.
liers with SAF itie ling the late to transfer the surplus to other

14

SAF share for carbon neutrality in Korea

S-OIL : First Korean Refinery with ISCC CORSIA Certification
» Certified to produce SAF under the CORSIA scheme (2024.04).
* Additional certifications:
*ISCC EU: Complies with EU Renewable Energy Directive (RED) for low-carbon fuels.
#ISCC PLUS: Recognizes eco-friendly products for voluntary markets.
* Production Highlights
- Processing bio-feedstocks (e.g., used cooking oil, palm fatty acid distillates)
- SAF reduces g 1se gas i by up to 90% compared to traditi
- Supports decarbonization efforts in the global aviation industry.

| jet fuel.

SK Energy Korea’s First Ded| d Prod Line for SAF

SK Energy has set up the first dedicated production line for SAF in Korea, utilizing the co-processing method.

The company is set to begin commercial production in October 2024.

The facility processes bio-based feedstocks such as used cooking oil and animal fats to continuously produce SAF and
other low-carbon products.

In June, SK Energy obtained multiple certifications to enable SAF sales, including ISCC CORSIA, ISCC EU, and ISCC PLUS.
These certifications ensure compliance with international for st and carbon in the
aviation sector.

15
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Carbon dioxide emissions abatement in Korea's
aviation sector, by technology — Net Zero Scenario
versus ‘no transition’ scenario

SAF share for carbon neutrality in the Korean aviation sector
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Session2-4 “SAF and e-fuels”
Dr Nuwong Chollacoop

AFENSTIIWAIITU

MINISTRY OF ENERGY ‘PAPERC
SAF and e-fuels in Thailand

Nuwong Chollacoop, Ph.D.
Director of Low Carbon Energy Research Group
ational Energy Technology Center (ENTEC]

“APEC Symposium on Bioenergy™
APEC 3rd Sectoral Symposium for Energy Transition
3-4 December 2024
Orchid Ballroom [2F], Pullman Khon Kaen Raja Orchid Hotel, Khon Kaen, Thailand

/_'@ * Oil:Virgin/used animal
or plantoils
4 \ + Sugar:
* sugar/starch/cellulosi
2 ccrops

* Agricultural and
forestry residues,
municipal sold waste

jﬁ
ENTEC
e NSTDR

[y

mant-BiL-Foadmap Sustalnnbie:avi

3

eNnTecC!

—NSTDR

1st ASEAN Workshop
@

The workshop, held in Bangkok, Thailand
in May 2023, was attended by
* Policy makers
* Regulators
« Academic and research institutes
* Private sector

5
El\.l'I'ECj

e NSTDR

!i m-:m.mnlinuw

Univesty of Hamar o Mo

A stakeholder consultation workshop
as used as a mean to develop SAF
strategies in ASEAN economies.

for SAF & e-fuels:
Thailand Long-term GHG Emission Development Strategy (

eNnTecC!

—NSTDR

Thailand’s Long-term
Greenhouse Gas Emission
Development Strategy

THAILAND
2030 : NDC 40%
2050 : Carbon Neutrality - Ofd’27

’//‘L\ = B
2065 : Net Zero Emission

CcoP27 4

2021

Paris
Agreement

2016
cop21

PARIS2015
COP2I-CMPIY

SAF activities in Thailand

Breg L

bsgf
utin e 4180

| s e e it
+ g o0 3203
S Te—y

SAF activities from private sectors in Thailand
* Bangchak

* PTT Groups

* BAFS

Mitrphol,

Thai Airways

274 ASEAN Workshop

eNnTeC!

—NSTDR

~'j Directorate
ENTEC ' General of . P An
e NSTDR oY CIv Aviation ° & A To advance a common goal of
! _A_ L > ~ SAF value chain development
i ) N £ N

The workshop, held in Bali, Indonesia in
July 2024, was attended by

* Policy makers

* Regulators

« Academic and research institutes

* Private sector

« Airline
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Workshop Highlights Sl Thailand Plan to Promote SAF entec”

Oil Plan Alternative Energy Development Plan (AEDP)
ot}
ws 1 - et
Sustainable funding models and strategies are fecemciancon | i e — £‘ i,
-g' needed for the aviation industry's transition to il gt o Tundudien % Hoe ”
.n.-mnyhm—-. " &l
SAF. el nlunduiuth [ Wmeomirrinn W3S fiean |
(sAF1 it IS

There is lack of on sustainability and economic Bumttanar biag-p00000,
n 1 u ot Telamau

viability of the feedstocks.

@ Infrastructure development is crucial for production,
storage, and distribution of SAF.

NEEEBLTWEI VAL AW WA TIAUML
& wazayinEwaa Y Potential for SAF production and appropriate blend for Thailand Dk KA
ASENSIINRIIU NSENSWWAIITU
Phase mm SAF Policy Working Group under Thailand Climate Change Committee and Sub-Committee on Plan & Policy
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MU i S miitedii o - it
i ¥ I
= —_— it —— i i o A .
- = ...-:...mm ) The EU Thailand Climate 'gvhg_nge Commntg_eg_qnd Sub-Cqmmlttee on Pl L ey

AT T,

SAF Mandate: 2% in s @uRmmmBas g iadio

2025, 6% by 2030, 32% Thailand Climate change Sub- Commlttee on Plan & Policy
by 2040, 63% by 2050 nw'wmﬂmmﬁmn\lmmmﬂmm

) With sub mandates for [ R— i |

% PtL SAF: 0.7% by 2030, SAF Policy V\~ki g Group il

ae 5% by 2035, 8% by 7 ot imrsdaiioods fitu Uszsnu: siimuominassnmgiomaesixondos
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Year (2026) (2027 - 2029) (2030 - 2032) (2033 - 2037) . 18 SAF wng B g i
SAF % 1 1-2 3-5 5-8 * amaley it SAF o wmsnsmamd ey 07 (NN AR, %, AR T2 N, AMgRRVATILY
Tech HEFA HEFA & AtJ HEFA & At) * iy ol SAF muld NOC
Feed UCO & PFAD UCO/PFAC & Flexible feedstock
i g to ICAO
|- =

Sustainable Feedstock = i ili iteri enTect

-~ il
MTEC" ENTEC
NSTOR

L —eNSTDA

1. Greenhouse Gases (GHG)
2. Carbon stock Development of sustainability standards for biochemical products to support
. GHG reduction permanence 2 B the sustainable aviation fuel (SAF) and bioplastics industry

. Water Phase 2
Soil

N

!Hydrous | Deh

. Air i : 7
Cassava Harvesting Cassava chip Ethanol thanol | Oligomerization/ Jet fuel
4 L o |+
. Conservation €O, uptake ,*{ ’{ & ‘{ c d ‘ "l Distillation/ *| combustion
. Waste and Chemicals ! e Hydlopendtion
. Seismic and Vibrational Impacts (only for LCAF) | "7" 1
- ' 1
Sugar & »
10. Human and labour rights tojuptake —LjfiSugarcanes) i tiauestingil B Bt J(NEthancl B, 1 Dehydration Polymerization
11 Land se rlghts and land use I | cultivation & collection production |
| 1
[} 1
: Verified ' 1 Bio-PE
13. Local and social development | |
€O, uptake Oil palm Harvesting Crude palm HVO HEFA Jet fuel
= , uptake » CPO .
14. Food security | & 1 Plant Plant combustion
' 1
T
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. . ENTEC ENTEC
Hydrogen research in ENTEC supporting = nsToR ~ neTom
& ®
ae =T
Hyctogen pradustion fiom b
Blogas and Ethanol Slogas Cleaning ‘Blogas Cieaning (Piot ENTEC art resecrch on Fusl
(Salid sorbent) Soclo) osll and
2001 I 2006 2016 2018
@ @ @ @ @ @ @ @
2006 2012 ‘ 2016 2023
MTEC st sesearch ®
on Fued Colis Hydrogen production from Hydrogen production from
(sorT) Ethanal (71 -] Hybeid Cu-Cl Cyele
- i s ey s
' Research scale: Hydrogen production at 20 liter per hour from biogas with PSA (Pressure Swing Absorption)

13 14

. L . . v
Process SNl Biogas cleaning (Up-scale) entec!

NaOH Sotvent

* Biogas Treatment Process: Biogas passes
through a wet scrubbing unit to trap CO2 and

: Target: 20 U/min Gas,,
increase CH4 percentage. r et
(<10% CO,, 8 ppm H,S)

* Product Gas Collection: Treated biogas is sent
to an SMR reactor and the resulting product
gas is collected.

* Gas Composition Analysis: Collected product
gas is sent to a GC for composition analysis.

15

.
eNnTec!

—NSTDR

Hydrogen Production (Up-scale)

| SMR wGs
H.0 W,
4 =
co
cH,

-catalyst (In-house) with commercial

-Hydrogen production at 20 |/min
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Session3-3 “Green Energy Pellets in Viet Nam”
Mr Naotsugu Otani

Lt Idemitsu by the numbers
& idemitsu —_ Y
® Company name : Idemitsu Kosan Co.,Ltd.
® Founded : June 20, 1911
® Capital stock : 168.3 billion yen
® 30% share of domestic fuel supply

Consolidated net sales

Contribution to Carbon Neutral Society | 9.5 witlion yen

by Biomass use in Coal-fired Boiler Potroleum

- “Introduction of Idemitsu Green Energy Pellet” - S~ i
ﬂgaﬂ 945,000 sarwiaraay

Crude off tankers

&,
22 vouseis

R —a]

C number of

A 1 4,000 people

Resources

December, 2024 5
Idemitsu Kosan Co.Ltd. :m..-:r“--
31,000 sy
& idemitsu

Confidential | [ Confidential |
Idemitsu Business Segments Coal Business Supply Chain
IDomestic:8.4mil t/

jOverseas:3.4mil t/y] _
L Refineries

Terminal in Shunan Tokyo Head Office {Aichi.Chiba, Tokuyama)

1 < 3 T
Technical
Support, R&D 5
Coal & Environment
Research Laboratory

Idemitsu’s involvement is from coal production until
technical support to end users since 1980s

H

Power and
Renewable
Energy

Petroleum
Segment

Coal Sales (2023)
[Approx. 12mil T/Y)

Coal mine in Australi Terminal in Chiba 3wl

Basic
Chemicals
Segment

Resources
Segment

Functional
Materials
Segment

Thermal Coal Sales
1 2 million tons/year

& idemitsu pealS G & idemitsu e 4

3 4

Confidential | Confidential |
Idemitsu Coal Business harmonized with environment Biomass Fuel Comparison
- Calorific Suitability for
- Type of Fuel Pictul Val Ch: =7 Co-firin
Supply High grade coal ULTYMiplus u e (k.;.uu:n) S mpulv-rhnd'bam

(Around 1% Reduction of fuel
consumption -S'hzap -
-High moisture
1600- 2800 -Outdoor storage A
-Low logistics efficiency

ustion control)

Wood Chip

3600- 4000 | Indoor storage A

White Pellet -Middle logistics efficiency

Biomass Co-firing y Technical Consulting

(Black pellet Supp! € for Combustion - TR -Outdoor storage™

4300- 5500 | -High logistics efficiency ©
=Good grindability

<Bad grindability
PKS -Outdoor storage™ *

(Palm Kernel Shell) -High logistics efficiency

uality fluctuation

Black Pelle more suitable fuel for co ng
plants without ad onal investment for equipments

& idemitsu . " & i ) is required on the customer’s usage environment. &
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Waterproof of Black Pellet Good Characteristics of Black Pellet against White Pellet
Black Pellet  Wood Pellet

v Higher ener densi Efficient for logistics
Omin = gy e == Smaller space for stock

v Good grindability N ;I;g:'lﬁroﬁg;firing ratio at pulverized
Smin (White: ~ 5% = BP ~ 30%)

v' Waterproof / > Reduce/No additional investment
No self-degrade for outdoor storage*

Handling in the similar way as coal

& idemitsu 7 & “) is required on the customer’s usage environment. SIS i a—"
| Confidential | Confidential |
How to produce Black Pellet? Co-firing Test
€ Mild pyrolysis process performed in inert Bunker l Steam
atmosphere

xhaust gas

Boile treatment

Black Pellet

4

Sub Hopper]

Feeder

Main Hopper.

w
— :Ea' =t Mixing

Rotary Drum Kiln

10%BP 15%BP
lday 4days
® Good Grindability N — .
e Waterproof > Already, similar co-firing tests have been made in 20 power
@ High Calorific value Taanitany Grasn plants and factories and we have got the positive feedback
x : Energy Pellet from our customers.
T S p— e —
Confidential | Confidential |
1st Commercial Plant in Viet Nam Idemitsu Green Energy Pellet
Producer : Idemitsu Green Energy Viet Nam > Idemitsu is preparing the black pellet (Idemitsu Green Energy
Location : Binh Dinh Pellet) business for coal users.
Feedstock : Acacia > Japanese coal users show big interest in “Idemitsu Green Energy
Capacity : 120,000t/year Pellet” for their co-combustion and reduction of coal use.
Technology : Rotary kiln . . 3 , s . .
Status « Commercialized in enid of 2024 > és:\qc;grg:lr(galefalzgil?nB21r0124D|nh, Viet Nam is scheduled to start
Product : “"Idemitsu Green Energy Pellet” B N

> We are looking for our business partners mainly in Southeast
Asia who can supply feedstock (woody type, agricultural residue)
to increase our production volume.

>

Coal-fired power plant

& idemitsu e S & idemitsu e —
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Confidential
Business Expansion Image
ST N I\ e = =
= 4

[ Economies ] Main feedstock

the USA Woody type
Viet Nam Woody type
Malaysia Agricultural residues
Indonesia Woody type
N, Thailand Woody type, Agricultural residues

~ Australia
. 4 " Japan
- Targeting to supply 3 million tons of BP by 2030 by mixture of
various types of involvements, such as a minor shareholder
and just a product offtaker.
Investigating potential feedstock supply around the Pacific
Ocean including agricultural waste and our own plantation.

& idemitsu 1

13

Herbaceous type
Woody type

Summary

> We believe that Idemitsu Green Energy Pellet is realistic and
efficient solution to reduce CO2 emission for coal users.

> We would expand the production volume to 3 million tons by
constructing the plant for Idemitsu Green Energy Pellet around
the Pacific Ocean.

> We believe this activity will also meet some purposes of SDGs.

7. Affordable and clean energy &3) ggﬂf&ﬁagk? G;")ALS
= o

12. Responsible consumption and production
13. Climate Action

& idemitsu

Idemitsu Coal & Environment Research Laboratory

Tokyo
L3 Chiba co

Head office ghiba
Coal & Environment

Research Laboratory
Coal Bulk Terminal

‘okohama -
-
> Highly Coal C
Tokyo Bay -Combustion Simulation
-Coal Evaluation System
~ Dust
» Environment Technology Products
» Biomass Co-firing technology -

As a unique private research institute specialized for coal in Japan, we
are working on the technical consulting to help solving our customers’

technical issues and environmental problem and developing various
kinds of technical products for promoting highly efficient coal
utilization and environmental protection.

& idemitsu = —

Japan Black Pellets Forum

1. Establishment : February 2022 -
v’ Established on the recommendation of a Director of the Energy
Conservation Division of METI.
v Started its activity with the goal of becoming an industry association
for Black Pellets (BP) and serving as the industry’s liaison to the
Japanese government.

2. Purpose of this Forum

v Sharing of knowledge & information about BP supply and utilization
v Establish guideline and quality standard for Black Pellets
v
v

Collaboration with Government and engaging in Lobbying activities
Enhancement of the safety and competitiveness of BP

3. Member companies
v 36 Japanese enterprises(22 coal user, other are supplier & Logistic etc)
6 Genco, 4 IPPs, 2 Steel mills, 2 Cement, 1 paper, 5 chemical companies
v Total coal demand is 75 million tons
v Aiming for 20 to 30% BP co-firing with coal before 2030

[ = 15-—22million tons of BP consumption ]

& idemitsu . - -

& idemitsu
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Confidential |
ULTY - Boiler control optimization system -

“ULTY-V plus AT" is the boiler control optimization system
with AI which can reduce coal consumption and CO2 emission by
connecting with existing boiler control system.

Reduction of coal consumption:
Approx. 1%

Already, Total 101 ULTY system applied :
-Japan 111
-Chinese Taipei 6
-Indonesia 1

ULTY-V plus AT

& idemitsu T




Session3-4 “Decarbonization in Power Sector by Biomass and Biohydrogen in the
Philippines”
Ms Anna Mikko G. Realo

Enacted Laws related to Bioenergy

Biofuel Act of 2006 Renewable Energy Act of 2008
R.A. 9367 R.A. 9513

DECARBONIZATION IN
POWER SECTOR BY
BIOMASS IN THE PHILIPPI

the d D of RE

Develop and utilize indigenous renewable and
sustainably-sourced clean energy sources to

Provide Fiscal and Non-Fiscal incentives lu prcrnu!e RE's
Eﬂhclem and

reduce dependence on imported oil;

APEC 3rd Sectoral Symposium the of ties in the use of RE
it A Mitigate toxic and greenhouse gas (GHG) Systoms.
for;nergy;ransmon emissions; Achieve Energy Self-Reliance
03 December 2024
% Increase Rural Employment and Income; and Adoption of sustainable energy development strategies to
Khon K Thailand reduce dependence on fossil fuels, hence, minimize exposure to
non Kaen, Thaitan Ensure; the  avallsbility' of alterative and price fluctuations in the international markets
ANNA MIKKO G. REALO 5 renewak|aiclasn anelgyWithout;any detdmiant Adoption of Clean Energy to Mitigate Effect of Climate
¢ i SRR to the natural ecosystem biodiversity, and food
0IC - Chief, Biomass Energy Management Division oS Change

Renewable Energy Management Bureau
The Philippine Department of Energy

ﬁ PH Department of Energy

Effectively prevent or reduce harmful emissions to balance the
goals of economic growtl ‘Uy;i development witl Ihs protection
of health and the environs [ |

H Department of Energy

National Renewable Energy Program Where Are We Now?
(NREP) 2020-2040

-: POTENTIAL Estimated

National Renewable MAJOR POWER t_:o% 2500
Energy Program ISLAND GE:E'::':]‘:’(" i’:;“':;‘ 2000
uce
NREP sets a target of ?t 2020-2040 GROUP W) (Million £€0, ) -
least 35% share of RE in ’ .
the power generation mix - Luzon 209378 11.00
by 2030. : y = Visayas 151276 37 § w ﬁ sz
e Mindanao 843 254 ) Mindanzo

And aspires to increase it I S g TOTAL  4,449.54 17.25 SINSTALLED CAPACITY (MW) 8 POTENTIAL POWER GENERATION CAPACTTY (MW)

further to 50% by 2040. In Pursuit of Ener,
mmmmhmmmmmamm representing

) 0 e -
LEMEE ™

ﬂ' PH Department of Energy oh| FFdoegovph | W doeoh |

ot | Fooegovpn| W docpn

Biomass Decarbonization Initiatives Biomass Statistics
1. Biomass to Energy Projects i Power Generation Mix
Installed Capacity (MW) 59].799 MW ik N;:‘m wllr - Ge:‘;e)v:r;l::‘;n.

700.00

of additional RE City I = Geothermal
since the effectivity of the Rl ir Biomass % Coal 73,754 62.50%
600.00 1.19% /1,409
L cwh il 1,304 1.10%

Natural Gas 16,668 14.13%
RE 26,278 22.27%

| Biomass 1,409 1.19%
Coal

500.01 . g
PhP 38.10 Billion
o Cost of investments \
300.00 14%
s 3 o Geothermal 10,730 9.09%
2.2 Million t-c Solar 254 o0
Equivalent GHG Emission H
e Avoldance ydro 10,287 8.72%
H H Wind 1,308 1.11%
H / -
3 ’ﬁ *DOE’s 2023 Power Statistics Report | ‘ =Approxim 56 Million 36‘02 Carbon
ALEMIEE TP e 1 Bpission AYgiSE | Y,
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Biomass Registered Projects per Feedstock

INSTALLED INSTALLED
NO. OF CAPACITY NO. OF CAPACITY
BARREIFR A S PROJECTS (MW) PROJECTS (MW)
*Commercial *COR-Own Use
POWER GENERATION 37 591799 18 182.871
Bagasse 9 263191 12 169.137
Rice husk 10 89.000 Vg 3250
Napier Grass 2 24.000 = =
Biogas 4 18458 2 9.760
Sugarcane Trash 2 50.000 = =
Multi-feedstock 9 137.460 = =
Municipal Solid Waste (MSW) 2 9.690 2 0724
NON-POWER 3
Refused-Derived Fuel 2 650 MT/day

-Rice husk

-1 4500 Mwth I

|
L &

The RE ACT recognizes the benefits of
WTE Technology

Section 30 of RA 9513: Adoption of WTE Technologies
The DOE shall, where practicable, encourage the adoption of waste-to-energy facilities
such as, but not limited to, biogas systems. The DOE shall, in coordination with the
DENR, ensure compliance with this provision.

DOE’s Thrust on WTE

The Department is pushing for the promotion and development of WTE technologies
as these address municipal solid waste (MSW) generation and disposal

Provided, that toxic emissions should be properly addressed by state of the art
emission control and capture technologies with continuous emission monitoring
system

9

'n' PH Department of Energy wwwdoe.govph | dosgovph | N doeph | ‘n‘ PH Department of Energy wwwdos.govph | dosgovh | N doeph |

Registered WTE Plants/Projects as of October 2024

WTE Technology Plants/Projects  Installed Capacity Potential Capacity
Direct Combustion 2 = 112 MW
Gasification 1 160
(own-use)
624 kW
Anaerobic Digestion (AD) 2 (own-use) 5.082 MW
Landfill Methane Capture 2 9.69 MW -

Refuse-Derived Fuel (RDF) /

MSW Briquette Production S 650 MT/day 30 M1/day
Multi-System ( Thermal x AD) 2 - 21.597 MW
12 9.69 MW
. 3 138.679 MW,
TOTAL o (6 Operational, 650-MT/day RDF, _ 30-MT/day Briquette

6 On-going) 724 kW (own-use)

|- Note: Feedstock “MSW./sindustrial Waste || [l _ - BH &
bt PH Department of Energy weewdoe.govph | FFdoegovoh | N doe oh |
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4-Point Strategy for Energy Transition

Accelerate the Deployment of RE Projects Ongoing Assessment on
and Clean Energy Technologies and Transforming Coal-fired
Solutions. Power Plants to Biomass
Co-firing: Modifying
boilers to use biomass
Build and Develop a Green and Smart fuel alongside or instead
Transmission System of coal.

Build and Expand the necessary Port Infrastructure to Support
OSW and Other Marine-based Energy Resource Development
Projects.

Voluntary Early Decommissioning and/or Repurposing of
ing CFPPs.

PH Department of Energy

€€ WTE is technology-neutral

Registered 1 2

149.093-MW Electricity
650-MT/day RDF
30-MT/day Briquette

Letter of Intent 1 2

229.960 MW

| PPN ~

10

Senate Bill No. SBN 2267: “Wasteto |
Energy Act” '

~ The Senate Committee on Energy has
undertaken a technical working group

senate & ~ meeting on 27 March 2023 and the Bill
- = is currently pending for second reading.

. |House Bill No. HBN 06444:
“Waste Treatment Technology Act”

Consolidation of bills filed in the House of
|  FEE Representatives and submitted to the Senate on
N Al December 14, 2022

%> P Department of Eneray inongovoh | FFosgmpn| S doson |
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Challenges

Ways Forward

1. Feedstock Availability and Sustainability:
Seasonal Variability: Biomass supply (e.g.. rice husks, sugarcane bagasse. coconut shells) fluctuates
with harvest seasons, disrupting plant operations.

Sustainability: Competition for residues b energy p and other i
such as animal feed or fertilizers, creates supply constraints.
2. Logistics:
Lack of efficient collection and storage for biomass feed:
3. Perceived Financial Risks:
and ition for agri residues make lenders view biomass projects as
risky. Revenue streams are to be not due to availability issues.
F’lj Vel | P % M

F songoven

vevew doe.gov.ph

‘m' PH Department of Energy

Key Takeaways

{ % NS | P I

‘ﬁ‘ PH Department of Energy

1. Significant Untapped Potential

Biomass energy has immense potential, with only a fraction currently utilized for power generabon For 591 MW of
installed capacity represents only ~13% of the 4,449.54 MW esti potential. Maxi this can
contribute significantly to energy security, rural development, and renewable energy goals.

2. Challenges Persist

The biomass sector faces several i including supply issues, infrastructure gaps,
and financing barriers. Addressing these challenges requires a multi-faceted approach involving investments in
infrastructure, policy support to improve market conditions, and the development of financing mechanisms that reduce
risk and make capital more accessible. With the right support, the biomass energy sector has the potential to become a
significant contributor to energy p! ion, driving ic growth, energy security, and environmental
sustainability.

3. A Pathway to Energy Transition
Expanding biomass utilization in the power sector aligns with global goals for decarbonization and the transition to
cleaner energy systems.
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1. Diversify Feedstock Sources: Use muiltiple types of biomass to ensure a continuous supply even during
off-seasons for specific crops.

Resource Mapping: Conduct studies to determine the avallabllny and compeﬂng uses o! agrlcultural
residues. This will help prioritize where residues can be and
benefit.

2. Biomass Hub and Cooperatives:
Creale siyaxeglcaliy located collection and aggvagaﬁon cemers near biomass sources to minimize transport
ind costs. the f

3. Updating of Biomass Potential, Resource Mapping. Capacity Building for Financial Institutions, and
Access to Green Financing

Thank You

Rizal Drive Corner 34* St.
Bonifacio Global City,
Taguig City

(632) 4792500
Renewable Energy Management Bureau
Department of Energy

www.doe.gov.ph

el oh @ remb9513@doe.gov.ph

doe_ph
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