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1. Background and Objectives

While Asia-Pacific Economic Cooperation (APEC) member economies have been committed to
increasing clean energy supply and promoting energy transitions, fossil energy will remain an important
part of their energy supply for most economies for the next two to three decades due to the circumstances
of resource endowment and stage of development. It would be beneficial for the fossil energy industry
in the APEC region to identify and capture opportunities to improve energy efficiency and reduce
fugitive emissions to reduce costs and become more sustainable.

This capacity building workshop will provide fundamental technical knowledge to policymakers and
relevant officials to identify feasible solutions and provide advice by sharing current and potential future
technologies and best practices that can improve energy efficiency and reduce fugitive emissions from
the fossil energy industry.

The project outputs include a background research report, a capacity building workshop, and a
workshop summary report. The proposed project is consistent with the goal of APEC’s Energy Working
Group (EWG) to maximize the energy sector’s contribution to economic and social well-being while
mitigating the environmental effects of energy supply and use.

2. Outcome

The APEC Workshop on Cleaner and More Efficient Operation of the Fossil Energy Industry was held
on 3 and 4 December 2025 at the Shinagawa Prince Hotel in Tokyo, Japan. It was designed as an in-
person workshop to facilitate knowledge sharing and policy-relevant discussions on improving energy
efficiency and reducing emissions across the fossil energy value chain. The workshop featured industry
experts as speakers from the coal, gas, and oil sectors, and was attended by policymakers and other
relevant officials from APEC member economies, who engaged in discussions to exchange experiences,
best practices, and analytical perspectives.

The methodology combined structured thematic sessions with interactive discussions. On the first day,
the workshop featured keynote and scene-setting presentations followed by sector-specific sessions
focusing on the coal, gas, and oil industries. Each sectoral session consisted of expert presentations
highlighting industry trends, current challenges, technological options, and operational practices,
followed by moderated discussions and Q&A to encourage dialogue among participants.

On the second day, discussion sessions were conducted to synthesize key messages from the coal, gas,
and oil sessions. These discussions were informed by the background research report prepared by the
Asia Pacific Energy Research Centre (APERC), which was made available to participants in advance.
Guided by structured discussion guidelines, the sessions aimed to confirm the completeness and
relevance of the technical topics covered in the draft APERC background research report. The
discussions also sought to gather expert inputs to complement and refine the report, while reviewing
sector-specific technical issues and operational characteristics and identifying potential next steps for
regional cooperation.

In addition, participants visited the Idemitsu Chiba Complex as a technical site visit. It was organized
to provide participants with practical insights into real-world industrial operations and energy efficiency
measures. Through this combination of presentations, discussions, and site-based learning, the
workshop aimed to promote actionable understanding and support capacity building within the APEC
region.



A total of 37 individuals attended the workshop, including speakers and participants from 11 APEC
economies: Australia; Brunei Darussalam; Canada; Chile; China; Japan; Malaysia; Papua New Guinea;
the Philippines; the United States and Viet Nam.

Speakers, moderators and participants (policymakers and other relevant officials from the APEC
member economies): Low Emission Technology Australia (LETA) (Australia); Department of Energy
at the Prime Minister’s Office (Brunei Darussalam); Petroleum Technology Alliance Canada (PTAC)
(Canada); Ministry of Energy (Chile); Petro-CyberWorks Information Technology Co., Ltd. (PCICT)
(China); Directorate General of Oil and Gas (Indonesia); Indonesian Coal Mining Association (APBI-
ICMA) (Indonesia); INPEX Corporation (Japan); Asia Pacific Energy Research Centre (APERC)
(Japan); ENEOS Explora Inc. (Japan); Komatsu Ltd. (Japan); Agency for Natural Resources and Energy,
Ministry of Economy, Trade and Industry (METI) (Japan); Institute of Applied Energy (Japan); Ministry
of Energy Transition and Water Transformation (Malaysia); National Energy Authority (Papua New
Guinea); Department of Energy — Energy Resource Development Bureau (The Philippines); HSB
Solomon Associates LLC (The United States); Binh Son Refining and Petrochemical JSC (BSR) (Viet
Nam); Department of Oil and Gas, Ministry of Industry and Trade (Viet Nam); and Ministry of Industry
and Trade (Viet Nam).

3. Workshop Summary
3-1.Day 1

3-1-1. Opening session
a) Opening Remarks

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

Summary

In his opening remarks, Dr Kazutomo Irie, Chairman and President of APERC, welcomed speakers and
participants to Tokyo and expressed his appreciation for their participation in the APEC Workshop on
Cleaner and More Efficient Operation of the Fossil Energy Industry. He emphasized that the
participation, knowledge, and experience of the attendees are essential to achieving a sustainable and
secure energy system in the APEC region. He also expressed gratitude to the Japanese Ministry of
Economy, Trade and Industry (METI), as well as to APERC researchers, staff, and the Institute of
Applied Energy for their continued support and contributions to the organization of the workshop.

Dr Irie noted that while APEC economies have been committed to expanding renewable energy supply
and advancing energy transitions, fossil fuels remain a significant part of the energy mix and are
expected to continue playing this role in the coming decade. According to the recently published APEC
Energy Demand and Supply Outlook, this situation reflects differences in domestic energy resources,
renewable energy potential, and the challenges associated with integrating variable renewable energy
sources into energy supply systems.

He stressed that it is imperative for the fossil energy industry in the region to operate as sustainably as
possible. Improving energy efficiency and reducing fugitive emissions were highlighted as key
measures to mitigate the environmental impacts of fossil fuels while maintaining energy security. Dr
Irie further pointed out that although the fossil energy industry in the APEC region has substantial
potential to reduce its environmental impact and support the energy transition, gaps remain in technical
knowledge regarding the most effective solutions.



He explained that the workshop aims to provide essential technical knowledge and to identify practical
solutions across the coal, oil, and gas industries. The insights and experiences shared during the
workshop are also expected to guide APEC in defining next steps and focus areas for capacity building
needed to drive meaningful improvements in the fossil energy industry throughout the region. He
concluded by reaffirming that the workshop aligns with the objectives of the APEC Energy Working
Group and by encouraging continued collaboration among APEC economies toward a sustainable
energy future.

b) Keynote Speech

Ms Yuna Natsumi, Deputy Director, International Affairs Division, Agency for Natural Resources
and Energy, Ministry of Economy, Trade and Industry (METI), Japan

Summary

Ms Yuna Natsumi, Deputy Director, International Affairs Division, Agency for Natural Resources and
Energy, METI, presented Japan’s policy direction and practical approaches for decarbonizing the fossil
energy sector while maintaining energy security. She introduced Japan’s international cooperation
framework under the Asia Zero Emission Community (AZEC), outlined the Japan’s enhanced
Nationally Determined Contribution (NDC), and highlighted ongoing efforts in carbon capture,
utilization and storage (CCUS) as a key enabler for hard-to-abate sectors. The presentation also
showcased Japanese progress in hydrogen and ammonia utilization for thermal power generation,
emphasizing their roles in emissions reduction and energy security.

Ms Natsumi began her remarks by noting that while APEC economies are expanding clean energy
supply and advancing energy transitions, fossil fuels are expected to remain an important part of the
energy mix for the next two to three decades. This reflects differences in resource endowments and
stages of economic development. In this context, she emphasized that improving energy efficiency and
reducing fugitive emissions are practical measures to enhance sustainability while maintaining energy
security.

She explained that the Japanese energy policy framework is based on the “S+3E” principle, with safety
as the top priority, alongside energy security, economic efficiency, and environmental considerations.
Ms Natsumi also outlined three key messages include in the triple-breakthrough concept guiding
Japanese international energy cooperation: achieving energy security, economic growth, and emissions
reduction simultaneously; pursuing a common net-zero goal through various pathways suited to
respective circumstances; and contributing to global emissions reductions through the deployment of
Japanese technologies.

The keynote further described the AZEC, established in 2022 under Japanese leadership, as a framework
for promoting realistic and inclusive energy transitions in Asia. Ms Natsumi highlighted Japanese
updated NDC, which sets targets to reduce greenhouse gas emissions by 60% in FY2035 and 73% in
FY2040 compared to FY2013 levels, aligned with the global 1.5°C goal.

Turning to coal and clean coal technologies, Ms Natsumi explained that Japanese Seventh Strategic
Energy Plan positions in thermal power as a transition energy source while promoting its
decarbonization through hydrogen, ammonia, and CCUS. She noted that CCUS, including carbon
capture and storage (CCS), is indispensable for decarbonizing hard-to-abate sectors, and that Japan is
supporting advanced CCS projects to accelerate early commercialization and future business
deployment.



She also presented concrete progress in hydrogen and ammonia utilization for power generation,
including demonstrations of hydrogen co-firing, development of hydrogen single-fuel-firing turbines,
and large-scale ammonia co-firing technologies that enable stable combustion and reduced NOx
emissions. Ms Natsumi concluded that these practical demonstrations illustrate the Japanese approach
to reducing emissions from thermal power while maintaining energy security, and reflect its intention
to share scalable solutions with APEC economies.

¢) Scene Setting

Mr Rodrigo Martinez, Researcher, APERC

Summary

The session opened with an overview of the analytical background and objectives of the workshop,
presented by Mr Rodrigo Martinez, Researcher at APERC. He emphasized that enhancing energy
efficiency and managing fugitive emissions across fossil fuel supply chains are important for preparing
the industry to operate in an increasingly challenging environment during the energy transition.

As part of the Scene-setting Session, Mr Martinez explained the analytical context for the workshop by
introducing the APEC Energy Demand and Supply Outlook (9th Edition, Volume I). The Outlook
examines future energy trends in the APEC region under two scenarios. These include a Reference
Scenario based on historical trends and recent developments, and a Target Scenario representing a
hypothetical pathway in which each economy achieves its stated energy- and emissions-related policy
targets, regardless of cost-effectiveness. Where implementation details are not specified, modelling
assumptions are inferred from the targets themselves.

According to the Outlook, final energy demand in the APEC region is projected to continue growing
for approximately the next 15 years in both scenarios, before stabilizing after around 2040. In the
Reference Scenario, final energy demand remains relatively flat thereafter due to improvements in
energy intensity and slightly slower economic growth. In contrast, in the Target Scenario, stronger
energy efficiency gains—driven mainly by electrification in the transport sector—lead to a gradual
decline in energy demand, with final energy demand in 2060 returning to a level similar to that of the
2022 baseline year.

Despite these differences in demand trajectories, fossil fuels are projected to remain a dominant
component of the APEC energy mix over the long term. In the Reference Scenario, fossil fuels are
expected to account for more than 65% of primary energy supply in 2060, while even in the lower-
carbon Target Scenario they are projected to represent around 51%. Natural gas, in particular, is
expected to retain an essential role in power generation, while natural gas and, to a lesser extent, coal
continue to support renewable energy integration by addressing short-term supply—demand imbalances
and enhancing grid stability.

In this context, the Outlook underscores that improvements in energy efficiency and reductions in
fugitive emissions are increasingly important for enabling the fossil energy industry to adapt to an
energy transition in which requirements for efficiency, competitiveness, and emissions management are
expected to become more stringent.

Mr Martinez also outlined the structure of the workshop. A total of nine experts were invited to share
their experience and respond to questions across the three main fossil fuel industries—coal, gas, and
oil—covering key stages such as production, processing, and transportation. The discussions on the
following day were based on a background research report prepared by APERC and provided to
participants in advance. The discussion guidelines were designed to confirm the completeness and
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relevance of the technical topics included in the report, while encouraging speakers and participants to
share practical experiences, raise questions, and expand the scope of discussion where appropriate.

Against this background, the workshop aims to provide participants with practical knowledge on
technologies and practices that enhance efficiency and reduce emissions across the production,
processing, transportation, and storage of fossil fuels, while helping to bridge technology and policy
perspectives.

3-1-2. Session 1: Coal Industry
Session Moderator: Dr Atsushi Kurosawa, Executive Research Fellow, The Institute of Applied
Energy (IAE), Japan

a) Indonesia’s Coal Sector in the Energy Transition Era

Mr Ignatius Wurwanto, Vice Chairman, ESG and Mining Governance, Indonesian Coal Mining
Association (APBI-ICMA), Indonesia

Summary

Mr Ignatius Wurwanto discussed how the coal sector in Indonesia is addressing the challenges of the
energy transition while continuing to support domestic energy needs and economic development. He
emphasized the need to balance energy security, affordability, and environmental sustainability, noting
that coal remains an important component of Indonesia’s electricity system during the transition period.
He outlined the corporate decarbonization approach of APBI-ICMA structured around three pillars—
Reduction, Removal, and Green New Business—and highlighted coal mine methane (CMM) emissions
as a key technical concern due to data limitations and higher emissions from underground mining.
Within Indonesia’s climate policy framework, he referred to Indonesia’s NDC and presented four coal-
sector emission reduction strategies: coal production control, improvement of CMM monitoring and
reporting, further study and deployment of carbon capture and methane mitigation technologies, and
facilitation of a just transition in coal-producing regions.

He began by introducing APBI-ICMA, which was established in 1989 and today represents coal mining
companies and supporting industries across the Indonesian archipelago. The association acts as a key
partner to the government in policy dialogue and implementation, covering a substantial share of
Indonesia’s coal production. Indonesia possesses large coal reserves of varying quality, which allow
coal to continue underpinning electricity generation and industrial activity for several decades under
current production levels.

In discussing electricity supply, Mr Wurwanto referred to the National Electricity Supply Business Plan
(RUPTL) of Indonesia, under which electricity demand is expected to continue rising in line with
economic growth and industrial development. Coal-fired power plants remain a central component of
the generation mix, as they currently provide a cost-effective and stable source of baseload power. While
the government is advancing cleaner energy options, coal is expected to retain an important role during
the transition period.

Mr Wurwanto framed the energy transition challenge in Indonesia through the lens of the energy
trilemma, highlighting the need to balance energy security, energy affordability, and environmental
sustainability. He noted that efforts to rapidly reduce emissions without due consideration of reliability
and cost could undermine economic and social outcomes. Accordingly, the approach adopted in
Indonesia emphasizes gradual transition pathways supported by technological improvement and
realistic investment planning.



Within this context, APBI-ICMA has articulated a corporate decarbonization approach structured
around three pillars: Reduction, Removal, and Green New Business. The Reduction pillar focuses on
improving operational efficiency, optimizing energy use, and replacing part of fossil fuel consumption
with lower-carbon alternatives. Examples include enhanced energy management systems, logistics
optimization, and the use of biofuels, with Indonesia currently implementing the B40 program and
planning to advance to B50 in the coming years.

The Removal pillar centers on carbon sequestration and offset measures, particularly through mine
reclamation and revegetation. Given that many coal mining operations are located in forested areas,
post-mining land rehabilitation is considered a critical opportunity to improve carbon management
while also restoring ecosystems and supporting local livelihoods. These activities may also provide a
foundation for future participation in carbon markets.

The Green New Business pillar reflects efforts by coal companies to diversify into more
environmentally friendly business areas. Mr Wurwanto noted that some companies are exploring
biomass production, renewable energy projects, and other low-carbon activities on or near former
mining sites. While many of these initiatives remain at the study or pilot stage, they illustrate the sector’s
intent to adapt its business models over time.

Mr Wurwanto further explained that several member companies are conducting feasibility studies and
pilot projects involving low-carbon technologies. These include carbon capture, utilization and storage
(CCUS), underground coal gasification, and renewable energy applications such as solar, hydro, and
wind power. Some companies are also considering downstream diversification into sectors such as
mineral processing and battery-related industries, although these initiatives are still under evaluation.

A major technical challenge highlighted in the presentation was CMM emissions. Mr Wurwanto
stressed that accurate data are essential for effective emission reduction, yet current reporting does not
fully reflect actual emission levels. Only a limited number of companies systematically measure and
report methane emissions, and available data suggest a significant gap between estimated and reported
figures.

He noted that methane emissions from underground mining operations are substantially higher than
those from open-pit mines. As underground mining activities expand, the importance of improving
methane measurement, reporting, and mitigation becomes increasingly critical. APBI-ICMA is
therefore encouraging greater adoption of monitoring practices consistent with international guidelines,
including those of the Intergovernmental Panel on Climate Change (IPCC), while recognizing that
methodological differences and geological conditions remain challenges.

At the policy level in Indonesia, Mr Wurwanto referred to Indonesia’s Enhanced NDC, submitted in
2022, which sets greenhouse gas emission reduction targets of 31% unconditionally and up to 43%
conditionally by 2030. He emphasized that emissions from the energy sector, including fugitive
emissions, are already incorporated into this framework.

He highlighted that the forestry and other land use (FOLU) sector provides the largest contribution to
the overall emission reduction target in Indonesia. As a result, reforestation, afforestation, and post-
mining land reclamation are regarded as especially important components of Indonesia’s mitigation
strategy, alongside technological measures in the energy sector.

In this context, Mr Wurwanto outlined four key strategies for reducing emissions from the coal sector.
These include controlling coal production in line with long-term planning, improving CMM monitoring
and data accuracy, further studying and deploying carbon capture and methane mitigation technologies,
and facilitating a just transition in coal-producing regions through coordination between central and
regional governments.



He concluded by emphasizing that the success of the energy transition in Indonesia will depend on close
collaboration among government, industry, and international partners. By combining improved data
quality, technological development, nature-based solutions, and social transition measures, the coal
sector in Indonesia aims to contribute constructively to Indonesia’s climate objectives while continuing
to support energy security and economic development during the transition period.

b) Upstream Clean Coal Technologies

Mr Ben Rice, Head of Government Relations and Media, Low Emission Technology Australia
(LETA), Australia

Summary

Mr BenRice, Head of Government Relations and Media at Low Emission Technology Australia (LETA),
delivered a presentation focusing on what happens at the very start of the coal supply chain—where
coal is mined—and how upstream clean coal technologies can be used to reduce fugitive emissions
from coal mining, particularly methane. He emphasized that addressing methane emissions at the mine
site is one of the fastest and most cost-effective ways to reduce the overall climate impact of coal supply
chains, as emissions can be tackled before coal even leaves the pit. He highlighted the role played by
LETA in working with the Australian coal industry to abate methane at mine sites, noting both the
challenges involved and the opportunities created by technological innovation and supportive policy
settings. At the same time, he stressed the importance of this work for Australia’s trading partners in the
Asia-Pacific region, as lowering emissions at the point of extraction reduces the embedded carbon
footprint of exported coal.

Mr Rice introduced LETA as an industry-funded organization supported by black coal producers in
Australia, whose members account for approximately 92% of Australia’s coal production, most of
which is exported overseas. LETA aims to help coal miners and heavy industries reduce emissions while
remaining productive and competitive by investing in scalable technologies.

He also noted that Australia and its Asia-Pacific partners have built deep and long-standing energy
relationships over several decades, and that as economies across the region pursue carbon neutrality,
they face a shared challenge of maintaining affordable and reliable energy and materials while rapidly
reducing emissions across the value chain.

A central theme of the presentation was that methane emissions from coal mining represent both a
significant climate risk and a near-term opportunity. Methane is naturally present in coal seams and
surrounding rock strata and is released during mining, traditionally being ventilated to the atmosphere
for safety reasons. In the Australian context, methane from coal mining accounts for around 6% of
Australia’s total greenhouse gas emissions. Mr Rice noted that methane has a much higher warming
impact than carbon dioxide—around 28 times on a 100-year basis—but a much shorter atmospheric
lifetime of approximately 10 to 12 years, meaning that cutting methane emissions now can deliver rapid
and noticeable climate benefits.

Mr Rice explained that upstream clean coal technologies refer to measures deployed at the mine site to
reduce the emissions intensity of coal before it leaves the mine, including detecting and sealing methane
leaks, pre-draining gas from coal seams, improving ventilation efficiency, and oxidizing
low-concentration methane in ventilation air, and generating electricity from higher-concentration gas
that would otherwise be vented.

As an investor in emissions-reduction technologies, the current focus of LETA is on ventilation air
methane (VAM) abatement. Mr Rice outlined two main technological pathways, beginning with
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regenerative thermal oxidizers, which divert mine ventilation air containing very low concentrations of
methane through a system of ducts into a chamber with a heated ceramic bed at a temperature of around
1000 degrees Celsius. In this process, methane is oxidized into carbon dioxide and water, and the heat
released is captured and reused to preheat incoming air, improving overall energy efficiency. He
emphasized that deploying regenerative thermal oxidizers in Australian coal mines requires careful
engineering and robust safety systems.

Recognizing the practical limits of regenerative thermal oxidizer technology, particularly in mines with
very low methane concentrations, Mr Rice described catalytic oxidation systems as a complementary,
next-generation solution. These systems use catalysts to trigger methane oxidation at much lower
temperatures, typically around 300 to 500 degrees Celsius, which is well below the auto-ignition point
of methane and most mine dusts. This lower-temperature operation reduces ignition risk, lowers energy
requirements, and widens the range of mine conditions under which ventilation air methane can
potentially be abated.

A major initiative supporting this work is the CATCH4 (Catalytic Oxidation of Methane) program, led
by the Australian organization Mining3. Mr Rice explained that CATCH4 is a research and development
initiative structured in four phases, moving from laboratory testing through to full-scale mine
deployment. Phase 1 demonstrated consistent methane oxidation at temperatures below approximately
550 degrees Celsius under simulated mine conditions, while Phase 2 is now underway and involves
installing a pilot catalytic oxidizer at an operating underground coal mine to treat approximately one
cubic meter per second of ventilation air. He noted in his remarks that the CATCH4 program represents
an industry investment on the order of around AUD 100 million, with the aim of delivering a
commercially viable catalytic VAM system before 2030.

Mr Rice also highlighted the role of policy and economic drivers in enabling methane abatement. The
strengthened Safeguard Mechanism in Australia places declining emissions baselines on large facilities,
including coal mines, and creates financial incentives for emissions reductions through carbon credit
markets. In the first compliance year, Australian coal mines collectively surrendered an estimated three
to four million metric tons of carbon credits, representing costs well in excess of AUD 100 million at
prevailing carbon prices. He noted that on-site methane abatement can therefore reduce future
compliance costs while delivering environmental and reputational benefits.

In concluding, Mr Rice emphasized that methane from coal mining is a significant yet actionable source
of greenhouse gas emissions and that upstream clean coal technologies can reduce emissions without
compromising safety. He stressed that the technologies being demonstrated in Australian mines can be
adapted and applied across other APEC economies to reduce the emissions intensity of existing coal
supply chains while maintaining reliable energy supply.

¢) Energy Efficiency in Mining Machinery

Mr Hisashi Asada, General Manager, Solution Department, Mining Business Division, Komatsu
Ltd., Japan

Summary

Mr Hisashi Asada of Komatsu Ltd. presented a comprehensive overview of the company’s approach to
improving energy efficiency and reducing greenhouse gas (GHG) emissions in mining machinery, with
particular emphasis on coal mining operations. Komatsu is a global manufacturer of construction,
mining, and industrial machinery supplying equipment and integrated solutions for both surface and
underground mining worldwide. Recognizing that energy efficiency is central to sustainable mining and
that there is no single solution to achieving decarbonization, Komatsu has set a target of achieving
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carbon neutrality by 2050 through step-by-step technological innovation. Mr Asada explained that the
company’s strategy integrates product development, digital solutions, automation, and human
performance improvement into a unified framework. This approach aims not only to reduce emissions
from mining equipment, which account for the majority of Komatsu’s lifecycle emissions, but also to
optimize entire mining operations. By combining smarter and greener machinery, data-driven
operational optimization, and automation technologies such as autonomous haulage, Komatsu seeks to
improve productivity, safety, and environmental performance simultaneously. Collaboration with
mining customers plays a critical role in aligning equipment development with site infrastructure and
operational requirements, ensuring that energy efficiency and GHG reduction measures are practical,
scalable, and economically viable.

Mr Asada began by introducing the mining business scope of Komatsu and product offerings. Komatsu
provides a wide range of mining machinery for both surface and underground operations, including
haul trucks, hydraulic excavators, electric mining shovels, dozers, drills, and underground equipment.
In addition to machinery, Komatsu offers mining solutions that support operational optimization, safety
enhancement, and workforce development. These solutions are designed to address the increasing
complexity of mining operations and to improve energy efficiency across the entire mine process.

The corporate vision of Komatsu is to be a collaborative partner committed to optimizing safe,
productive, and clean workplaces. To realize this vision, the company pursues two strategic axes:
enhancing the value of products by making mining equipment smarter and greener, and enhancing the
value of solutions by improving efficiency across mining processes. Mr Asada explained that
automation, electrification, and low-carbon power technologies such as batteries, trolley systems, and
hydrogen are central to reducing emissions, while digital solutions enable visualization, optimization,
and integration of mining operations on a mine-wide scale.

Addressing changes in the mining industry, including deeper mines, remote locations, and labor
shortages, Mr Asada outlined three major challenges faced by mining customers: improving safety and
productivity through automation, reducing GHG emissions through green machinery, and maximizing
efficiency through integrated solutions. He emphasized that achieving carbon neutrality requires
coordinated efforts across products and processes. The Komatsu Decarbonization Ecosystem Strategy
was introduced as a framework developed through close collaboration with customers, particularly
through the GHG Alliance, to align machinery development with infrastructure planning and
operational needs.

A key technical focus of the presentation was the electrification of mining machinery. Mr Asada
introduced the Power-Agnostic Truck concept, which is designed to operate using multiple power
sources, including diesel-electric systems, trolley lines, batteries, and hydrogen fuel cells. This
flexibility allows mining operations to select appropriate power configurations based on site conditions
and infrastructure readiness. The concept reflects Komatsu’s use of bridging technologies to transition
toward zero-emission mining equipment.

Automation represents another core component of Komatsu’s strategy. Mr Asada described the
Autonomous Haulage System (AHS), which integrates haul trucks with fleet management systems,
communication networks, and centralized control to enable fully unmanned operation. Deployed since
2008, AHS has expanded globally and is currently operating mainly in coal mines in regions such as
Oceania and North America. By eliminating inefficiencies associated with manual driving, AHS enables
consistent 24-hour operation, reduces fuel waste, improves safety, and contributes to lower GHG
emissions.

Komatsu’s digital solutions include fleet management systems, asset health monitoring, payload
optimization, dispatching, and operational analytics. These technologies collect and analyze real-time
data from mining equipment to improve utilization, reduce idle time, and optimize energy consumption.
Mr Asada emphasized the importance of connecting individual solutions through a common digital
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platform, enabling broader mine-wide optimization by linking planning, operation, and performance
analysis.

In addition to equipment and digital technologies, Mr Asada highlighted the importance of human
performance improvement. The group company of Komatsu, Immersive Technologies, provides
simulator-based training, virtual reality, and e-learning programs to improve operator skills and reduce
variability in machine operation. Case studies from coal mining operations demonstrated that simulator-
based training can reduce fuel consumption by more than 6%. Regular and repeated training helps
sustain these efficiency gains while maintaining safety and operational consistency.

In conclusion, Mr Asada reiterated that achieving carbon neutrality in mining requires an integrated
approach that combines smart and green equipment, digital optimization solutions, automation
technologies, and workforce development. By continuously refining this integrated mining value chain
in collaboration with customers, Komatsu aims to improve energy efficiency, reduce greenhouse gas
emissions, and support the sustainable transformation of mining operations.

d) Discussion and Q&A

Key Points of the Discussion

® In Indonesia, complex coal seam geology, brittle fault conditions, and unfavorable stripping ratios
make underground coal mining technically challenging, leading policy frameworks to continue
favoring open-pit operations despite increasing mining depth.

® Underground coal mining generally generates higher methane emissions than surface mining,
while economically viable and widely deployable methane mitigation technologies remain limited
in availability.

® Ventilation air methane abatement technologies, including regenerative thermal oxidation, are
commercially available internationally, but their deployment is constrained by low methane
concentrations, stringent safety requirements, long lead times, and site-specific cost structures.

® Emerging methane abatement options, such as catalytic oxidation technologies, are still under
development, with broad commercial deployment expected around 2030.

® Regulatory frameworks requiring near-term emissions reductions often lead operators to rely on
carbon offsets, as major mitigation projects require several years to develop and implement.

® FElectrification of mining equipment is technically feasible in terms of motor performance, but
battery weight, charging frequency, and payload reduction continue to limit large-scale
applications in surface mining.

® Battery-electric equipment is being adopted more rapidly in underground mining, where smaller
machinery and lower power and payload requirements are better aligned with current battery
technology.

® No single decarbonization pathway is applicable across all mining sites, as technology choices
depend on site-specific geological, operational, and emissions conditions.

Questions and Answers

QUESTION: Dr Atsushi Kurosawa to Mr Ignatius Wurwanto

Could you explain Indonesian experience in coal mining and the future outlook, particularly the
potential shift from surface mining to underground mining? Given the complex geological structure of
coal seams in Indonesia, what difficulties do you foresee in improving efficiency and reducing fugitive
emissions under underground mining operations?

ANSWER: Mr Ignatius Wurwanto
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Indonesian coal seam geology is indeed complex, particularly with respect to seam thickness and
structural conditions, which makes underground mining technically challenging. This is one of the main
reasons why underground coal mining is still limited in Indonesia. From a policy perspective, the
government continues to favor open-pit mining because of the stripping ratio and brittle fault conditions.
In addition, underground mining tends to generate higher methane emissions than surface mining. This
raises concerns regarding fugitive emissions management. At present, studies are ongoing on
underground coal gasification as a potential option to enhance resource recovery while addressing
emissions, but the associated costs and technological readiness remain significant barriers. This session
provides an opportunity to share perspectives on future technologies that could support underground
mining by both optimizing resource recovery and managing fugitive emissions.

QUESTION: Dr Atsushi Kurosawa to Mr Ben Rice

You explained methane abatement measures in coal mining; however, you did not elaborate on energy
efficiency measures in mining operations, transportation, and processing. What technologies are
currently applied in the Australian coal industry to improve energy efficiency across the value chain?

ANSWER: Mr Ben Rice

In Australia, our efforts extend beyond methane abatement to include broader scope 1 and scope 2
technologies. We are investing in carbon capture, utilization, and storage, as well as in COz liquefaction
and transportation technologies across the coal value chain, including the steel and cement sectors. We
are also working closely with Asia-Pacific economies on hydrogen production, including coal-to-
hydrogen pathways, as an alternative for thermal power generation that still utilizes coal resources.

QUESTION: Dr Atsushi Kurosawa to Mr Hisashi Asada

You mentioned that combining hardware, software, and human capital development can improve
operational efficiency. Are low-carbon certification systems, such as Japan’s Green Transformation
(GX) certification framework for machinery, applicable to mining machinery? Are there any
international certification schemes for mining equipment efficiency?

ANSWER: Mr Hisashi Asada

At present, the main challenges lie in timing, cost and functionality. While battery-powered trucks and
low-emission machinery are technically feasible, current battery systems are heavy and reduce payload
capacity. Mining customers would also need to modify their operations and infrastructure to
accommodate new technologies. There is no single optimal solution applicable to all customers, as
operational conditions and emission-reduction priorities differ significantly across sites. We continue to
engage in detailed discussions with customers to identify feasible pathways for adopting next-
generation machinery.

QUESTION: Dr Atsushi Kurosawa to Mr Hisashi Asada

In the construction sector, the Japanese government has introduced a GX-certified machinery system.
Could a similar or internationally harmonized standard be applied to mining machinery in order to
facilitate the global diffusion of such equipment?

ANSWER: Mr Hisashi Asada

Although this point was not elaborated in detail during the presentation, battery technologies based on
GX and Digital Transformation (DX) have already been introduced for construction and smaller
machinery. In principle, these technologies could be extended to mining machinery as well. However,
applying them to mining equipment remains challenging, as achieving an appropriate balance between
new technologies and the operational requirements of mining sites is considerably more difficult.

QUESTION: Dr Atsushi Kurosawa to Mr Ben Rice

Under the safeguard mechanism in Australia, facilities must reduce emissions immediately following
investment. Given that CCUS projects often require long lead times, how does the coal industry address
short-term compliance challenges?
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ANSWER: Mr Ben Rice

The safeguard mechanism sets declining emissions baselines for the top 200 emitters in Australia,
requiring annual reductions of approximately 4.9%. Since many mitigation technologies, such as
ventilation air methane abatement and carbon capture and storage, require several years to develop and
deploy, companies often rely on purchasing carbon offsets in the interim to remain below their emissions
baselines.

QUESTION: Mr Allan Fogwill, to Mr Ben Rice
What is the current price of offsets under the safeguard mechanism, and is it sufficient to drive emissions
reductions?

ANSWER: Mr Ben Rice

Offset prices are indexed to inflation and currently stand at approximately AUD 35 per metric ton. This
level is designed to balance compliance incentives with economic feasibility. Costs for methane
oxidation technologies vary by site, with estimates ranging from approximately AUD 30 to around AUD
75, and in some cases approaching AUD 100 per metric ton.

QUESTION: Dr Kazutomo Irie to Mr Ben Rice
Can you provide examples of coal mines in Australia that have adopted advanced upstream methane
abatement technologies?

ANSWER: Mr Ben Rice

Anglo American’s steelmaking coal operations in Queensland represent one of the most advanced cases,
particularly in deploying ventilation air methane abatement technologies. In addition, Kestrel Coal in
Queensland has been actively developing these technologies, and several other companies are working
in collaboration with the New South Wales State Government.

QUESTION: Dr Kazutomo Irie to Mr Hisashi Asada

Regarding electrification of mining machinery, opinions differ on whether electric systems can match
diesel engines in power output. From your perspective, what is the general technological trend in this
area? Could you clarify the technical distinctions between tethered electric, battery-electric, and diesel-
electric systems?

ANSWER: Mr Hisashi Asada

From a technical standpoint, electric motors are capable of delivering sufficient power for mining
applications. However, the main challenge lies not in the motor itself but in the power source and its
management. Tethered electric systems, such as trolley-assisted or cable-connected solutions, are
effective for equipment with limited movement, such as loading machines operating in fixed locations.
Battery-electric systems, while promising, currently face constraints related to re-charging frequency,
battery size, and payload reduction. Diesel-electric systems represent a transitional configuration but
still rely on fossil fuels. Fuel-cell technologies, including hydrogen-based systems, are under active
research and development, but battery technology for large-scale surface mining equipment has not yet
reached sufficient maturity.

QUESTION: Mr Alvaine Ibarrola, the Philippines’ Department of Energy, to Mr Hisashi Asada
In the Philippines, we operate several surface coal mines. If mine operators were to introduce fully
battery-powered heavy equipment, how long would such equipment be able to operate compared with
conventional diesel-powered machinery? In addition, do you have a comparative assessment or matrix
outlining the advantages and disadvantages of battery-powered equipment relative to conventional
systems, particularly for surface mining applications?

ANSWER: Mr Hisashi Asada
At present, battery-powered mining equipment is still deployed on a limited scale, although the number
of applications is gradually increasing each year. Battery-electric trucks, wheel loaders, and similar
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equipment are technically available; however, operational performance depends heavily on battery size
and site conditions. Extending the operating range requires installing larger batteries, which in turn
significantly reduces payload capacity. This trade-off makes it difficult to achieve performance
equivalent to diesel-powered equipment, especially for long haul distances, uphill transportation, and
continuous heavy-duty operations typical of surface mining. Balancing operating time, payload, and
charging frequency remains one of the key technical challenges.

As shown in my presentation, current electrification initiatives in Japan under the GX framework have
primarily focused on small-scale construction equipment, such as three-ton-class machines, which
typically operate for only a few hours per charge. For larger equipment, including mining loaders and
haul trucks, battery installation is still at an early experimental stage. Research and development are
ongoing for fuel-cell technologies, such as hydrogen-powered systems for 20-ton-class excavators, but
these technologies have not yet reached full commercial maturity. Overall, electrification is progressing
incrementally, starting with smaller equipment, while large-scale mining applications require further
technological advancement.

QUESTION: Mr Alvaine Ibarrola to Mr Hisashi Asada
Looking ahead, is battery-powered equipment also feasible for underground mining operations? Could
such technologies be applied effectively in underground coal mines?

ANSWER: Mr Hisashi Asada

Battery-powered equipment is already being introduced more rapidly in underground mining than in
surface mining. Underground operations generally use smaller machinery, such as battery-powered
haulage trucks and loaders, which are better suited to current battery technology. In fact, several battery-
electric machines are already in operation in underground mines. Compared to surface mining, where
large-scale equipment dominates, battery technology is expected to mature faster in the underground
mining context due to lower power and payload requirements.

QUESTION: Mr Phung Quoc Huy, APERC, to Mr Ignatius Wurwanto

Indonesia has traditionally relied on open-pit coal mining; however, in recent years mining activities
have moved progressively deeper, with increased consideration of underground operations. Could you
provide an overview of the current status of underground coal mining in Indonesia? In addition, as
mining depth increases, are there plans to introduce methane mitigation or recovery measures for
underground coal mines, particularly with respect to managing methane emissions from ventilation
systems?

ANSWER: Mr Ignatius Wurwanto

Managing methane emissions remains a significant challenge for Indonesia, particularly given the
predominance of large-scale open-pit coal mines that are now extending to greater depths. At present,
suitable technologies for capturing methane from deep open-pit operations are still limited. As a result,
government policy has focused on accelerating land reclamation and rehabilitation, including replanting,
as a practical approach to mitigating methane-related risks. While methane emissions cannot be
completely avoided, these measures aim to reduce their potential impact. With respect to underground
mining, expansion remains constrained because effective and economically viable methane
management technologies have not yet been fully established. This challenge is not unique to Indonesia
and is shared by many coal-producing economies.

QUESTION: Mr Phung Quoc Huy to Mr Ben Rice

Ventilation air methane represents a major source of methane emissions from underground coal mines,
even though methane concentrations are often below 1% due to the large volume of airflow.
Regenerative thermal oxidation has been proposed as a mitigation option. Could you comment on
whether this technology is already commercially available and how soon it could be deployed more
widely? In addition, what is the outlook for the commercialization of catalytic oxidation technologies?
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ANSWER: Mr Ben Rice

Regenerative thermal oxidation technology is already commercially available and has been deployed in
several economies and other jurisdictions, including China; the United Kingdom and United States.. In
Australia, however, wider deployment is constrained by typically low methane concentrations and
stringent safety regulations, which require robust fail-safe mechanisms to prevent methane blowback
into mine shafts in the event of an explosion. In parallel, catalytic oxidation technologies are being
developed in collaboration with industry partners in Australia. Based on current development timelines,
commercial deployment of catalytic oxidation systems is expected around 2030.

3-1-3. Session 2: Gas Industry
Session Moderator: Mr Rodrigo Martinez, Researcher, APERC

a) How Canada Reduced Upstream Oil And Gas Methane Emissions by More Than 50%

Mr Allan Fogwill, Chief Operating Officer, Petroleum Technology Alliance Canada (PTAC), Canada

Summary

Mr Fogwill provided an overview of Canada’s experience in achieving substantial methane emissions
reductions in upstream oil and gas operations. Canada has already achieved a reduction of more than
50% in methane emissions from this sector, demonstrating that significant emissions reductions are both
technically feasible and economically manageable. This progress has been driven by clear federal and
provincial policy direction, robust regulatory frameworks, collaborative research initiatives, and the
rapid deployment of proven mitigation technologies. A transition from site-level estimation to
equipment-level measurement has enabled more precise management of emissions from key sources,
including pneumatic devices, storage tanks, compressors, and engines. Comprehensive monitoring
approaches—integrating on-site sensors, vehicle-based surveys, airborne detection, and satellite
verification—have supported accurate identification of fugitive emissions and super-emitters. Low-cost
and in many cases cost-negative, measures such as Leak Detection and Repair (LDAR), low-bleed and
no-bleed pneumatic devices, vapor recovery systems, and improvements in compressor and engine
performance have played a central role, delivering both emissions reductions and energy-efficiency
gains. Field demonstrations and technology consortia have further accelerated adoption by reducing
operational risks. Overall, Canada’s experience illustrates how coordinated policy, technological
innovation, and practical field implementation can achieve large-scale methane reductions while
improving operational efficiency and supporting long-term environmental objectives.

Mr Fogwill explained that Canada’s efforts to reduce methane emissions from upstream oil and gas
operations began in the early 2000s, when the climate impacts of methane and the relatively low cost
of abatement became widely recognized. Early work focused on detailed field measurements of
emissions from pneumatic controllers, compressor vents, storage tanks, and fugitive leaks. These efforts
produced the first consistent datasets, enabling regulators and operators to better understand emission
sources and identify practical mitigation options. The studies demonstrated that a relatively small
number of equipment types accounted for a disproportionate share of emissions, providing a strong
analytical foundation for subsequent policy development and technology deployment. As provinces
such as Alberta, British Columbia, and Saskatchewan began developing methane-related guidance
around 2006-2007, they accumulated substantial experience with monitoring methods and best
practices in advance of federal regulation. This early work also highlighted the economic benefits of
reducing leaks and venting through improved energy efficiency and the retention of saleable gas,
reinforcing the understanding among operators that methane mitigation could be aligned with
production efficiency and operational reliability.
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Mr Fogwill further explained that a major policy milestone was reached in 2016, when Canada
committed to reducing methane emissions from the oil and gas sector by 40—45% relative to 2014 levels.
While implementation efforts slowed in some other jurisdictions, Canada proceeded with domestic
action. Federal regulations under the Canadian Environmental Protection Act entered into force in 2020,
establishing performance standards for venting, flaring, LDAR programs, and the operation of key
equipment such as compressors and pneumatic devices. Equivalency agreements allow provinces to
implement their own regulatory approaches, provided they achieve comparable emissions reductions,
thereby enabling region-specific solutions while maintaining consistency at the federal level. British
Columbia has committed to a 75% reduction target by 2030, while Alberta and Saskatchewan have
aligned with a 45% reduction pathway. Provinces with limited oil and gas activity focus primarily on
methane emissions from landfills. This multi-level regulatory framework has supported coordinated
and effective implementation across diverse operating environments.

Mr Fogwill noted that Canada no longer develops standalone dry-gas fields, as gas production is now
largely associated with liquids production. This characteristic allows mitigation technologies to be
applied across integrated oil and gas systems. Studies have consistently identified key sources of
emissions, including high-bleed pneumatic devices, reciprocating compressors and stationary engines,
storage tanks without adequate vapor control, and gas releases during well completion and
decommissioning. To address these sources, Canada has transitioned from site-level emission factors to
equipment-level quantification, enabling more accurate reporting and more targeted mitigation
strategies. A layered monitoring approach has emerged, in which on-site sensors and handheld
instruments support routine LDAR activities, vehicle-mounted and airborne systems are used to survey
large areas and identify super-emitters, and satellite observations provide independent verification of
regional trends. While satellite data enhance transparency and public accountability, Mr Fogwill
emphasized that they cannot replace high-resolution field measurements for the design and validation
of mitigation solutions.

Mr Fogwill explained that mitigation technologies have evolved rapidly in response to these insights.
LDAR remains the most cost-effective mitigation measure, particularly when implemented through
structured maintenance programs and timely repair protocols. Several operators in western Canada have
reported that gas recovered through LDAR programs and minor equipment improvements has allowed
them to recover their investments within a year. Pneumatic devices have increasingly shifted from high-
bleed designs to low-bleed and no-bleed alternatives, including electric actuators and systems powered
by compressed air or nitrogen. New production facilities are now commonly designed around these
technologies, eliminating continuous venting and improving operational reliability. Storage tanks,
which historically posed challenges due to inadequate vapor handling, are being retrofitted with vapor
recovery units, improved seals, and updated operating procedures, resulting in significant reductions in
episodic emissions. For reciprocating compressors and stationary engines, field studies in Alberta and
other provinces have quantified real-world methane slip and identified opportunities for improved
tuning, maintenance, and component upgrades. Pilot projects testing high-temperature oxidation
devices have demonstrated their potential to destroy unburned methane and volatile organic compounds
in exhaust streams, contributing to emissions reductions and improved combustion efficiency.

Mr Fogwill also highlighted well decommissioning as a major long-term challenge, noting that more
than 500,000 wells are expected to be retired in Canada. Many older wells exhibit surface casing vent
flows, requiring remedial interventions to restore long-term integrity. Current research efforts focus on
alternatives to carbon-intensive Class G cement, including new Portland-cement blends and innovative
barrier materials that can enhance sealing performance and reduce the need for repeated remediation.
International collaboration, particularly with Australia, is accelerating the testing and deployment of
these solutions. Mr Fogwill emphasized the role of organizations such as Petroleum Technology
Alliance Canada (PTAC) and the Canadian Emissions Reduction Innovation Consortium in reducing
risks for operators by supporting field demonstrations and transparent evaluation of technologies under
real operating conditions. These initiatives have documented a wide range of mitigation technologies
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applicable to upstream operations, providing operators with clear guidance on technology readiness and
suitability.

In concluding, Mr Fogwill emphasized that Canada’s experience offers several lessons for APEC
economies. Clear and stable regulatory frameworks are essential for driving sustained investment and
operational change. Many effective mitigation options—such as LDAR, pneumatic device replacement,
and vapor recovery—are low-cost or cost-negative when avoided gas losses are taken into account,
making them well suited for large-scale deployment. Coordinated action among federal and provincial
governments, regulators, and industry stakeholders helps build confidence and maintain long-term
commitment. Finally, an active innovation ecosystem that integrates research, field trials, transparent
measurement, and international cooperation can support continuous improvement in methane
mitigation and energy efficiency across the oil and gas sector.

b) Upstream Greenhouse Gas Reduction in Malaysia (Introducing BIGST Project)

Mr Yoshihiko Enokido, Head, COO Office, Business Division 1, ENEOS Explora Inc., Japan

Summary

Mr Yoshihiko Enokido presented on the BIGST Project as well as its technical, economic, and
environmental implications. The BIGST Project aims to develop five high-CO: gas fields offshore
Peninsular Malaysia by combining upstream gas production with integrated CCS. The project responds
to Malaysia’s rising gas demand and declining local production, providing up to 30% of Peninsular
Malaysia’s supply between 2029 and 2050. Because CO: concentrations range from 3 to 70%, advanced
separation technologies and new CCS solutions are essential to ensure both economic viability and
emissions reduction. BIGST incorporates CO: capture at the production platform, dedicated CO:
transport pipelines and injection at a nearby geological structure, helping minimize Scope 1 and 2
emissions. The project highlights the importance of energy-efficiency measures, including optimized
gas processing and reduced flaring or venting through improved system design. It also illustrates
challenges such as complex geology, high development costs and uncertainties around long-term CCS
performance. As a joint initiative between PETRONAS Carigali and ENEOS Explora, the BIGST
Project demonstrates a practical pathway for monetizing high-CO: resources while supporting
Malaysia’s National Energy Transition Roadmap and contributing to regional greenhouse gas
reductions.

Mr Enokido began by outlining the context for upstream greenhouse gas reduction in Malaysia and the
strategic importance of the BIGST Project. The five gas fields—Bujang, Inas, Guling, Sepat and
Tujoh—are located approximately 180 kilometers offshore Peninsular Malaysia. These fields contain
exceptionally high CO: concentrations, ranging from 3 to as much as 70%, presenting a major technical
challenge. Historically, such fields were considered uneconomical or environmentally unacceptable due
to the need to separate and dispose of large CO: volumes. However, advances in separation technology
and the maturation of CCS options have created a feasible development pathway.

The project concept involves producing natural gas at an offshore platform, transporting the sales gas
to Peninsular Malaysia, and capturing CO- for injection at a dedicated offshore storage site. This
integrated approach enables the project to expand domestic energy supply while reducing greenhouse
gas emissions. According to Mr Enokido, Malaysia’s gas demand has increased steadily, while
production from existing fields has declined. Without new developments, demand is projected to exceed
supply, increasing reliance on imports. BIGST therefore offers a significant contribution to domestic
energy security and energy efficiency, as producing local gas reduces the lifecycle emissions and energy
losses associated with long-distance Liquefied Natural Gas (LNG) transport.
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Mr Enokido explained that the project could supply up to 30% of Peninsular Malaysia’s domestic gas
supply between 2029 and 2050. The ability to monetize high-CO: resources also opens opportunities
for other similar fields in the region. CCS plays a central role in this value proposition. By installing
CO: capture equipment at the production platform and constructing an additional injection platform,
the project can significantly reduce Scope 1 and 2 emissions. These efficiency gains align with
Malaysia’s National Energy Transition Roadmap, which plans an increase of gas in primary energy mix
and targets a 32% reduction in Malaysia’s emissions relative to 2019 levels.

Technical challenges remain substantial. Mr Enokido highlighted three main risks: geological
complexity, extremely high CO: content and CCS performance uncertainty. The geological structure
requires detailed subsurface analysis to confirm injectivity and long-term containment. High CO:
concentrations demand advanced materials and process designs that resist corrosion and maintain
compression efficiency. CCS uncertainty concerns long-term monitoring requirements, injection
pressure management and regulatory approvals. Each of these factors influences the project’s capital
and operating costs, and engineering studies are ongoing to refine the concept.

The project partners, PETRONAS Carigali and ENEOS Explora, are also designing a optimum
Measurement, Monitoring, and Verification (MMV) plan to support reliable CCS performance.
Continuous pressure and temperature monitoring of the reservoir, fiber-optic sensing and periodic
seismic surveys may be deployed to verify that CO: remains safely contained. These methods are
aligned with international CCS best practices and contribute to reducing long-term uncertainty. Mr
Enokido also noted that because the project is still in the study phase, specific numerical estimates
cannot yet be disclosed, but engineering teams are working to refine the technical and economic models.

Mr Enokido concluded by noting that BIGST demonstrates a pathway for resource-rich economies to
reduce greenhouse gas emissions while sustaining upstream development. By applying CCS, improving
processing efficiency and managing fugitive emissions, high-CO: gas fields can become viable
contributors to domestic supply. He stressed that the combination of technological progress, strong
partnership between operators and supportive policy frameworks will be crucial for realizing BIGST
and similar projects across the region.

¢) Efforts to Reduce GHG Emissions in Ichthys LNG Project

Mr Shinya Konno, General Manager, Oceania Projects Division, Oceania Projects Unit, INPEX
Corporation, Japan

Summary

Mr Konno delivered a presentation on the Ichthys LNG Project, describing INPEX integrated approach
to reducing greenhouse gas emissions. The Ichthys LNG Project, operated by INPEX, is implementing
a portfolio of measures to reduce greenhouse gas emissions across its offshore and onshore assets while
maintaining stable LNG supply. The project’s GHG profile is dominated by reservoir COz, fuel gas use
in power generation and compression, and fugitive methane emissions. Operational initiatives include
Advanced Process Control to optimize LNG train efficiency, reductions in flaring and venting,
improved compressor availability and tuning of fuel gas systems to lower specific energy consumption.
A structured methane-management program combines LDAR using optical gas imaging, drone-based
surveys for hard-to-access areas and progressive alignment with Oil and Gas Methane Partnership 2.0
(OGMP 2.0) reporting requirements. INPEX is also assessing options to import renewable electricity
from large-scale solar and battery systems to displace gas-fired power at the onshore plant. Looking
further ahead, the Bonaparte CCS Project aims to provide large-scale CO: storage for Ichthys and other
regional sources, creating a potential hub for long-term decarbonization. Together, these measures
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illustrate how a large LNG project can integrate energy-efficiency improvements, methane abatement,
low-carbon power and CCS into a coherent pathway for reducing GHG emissions.

Mr Konno began by introducing the Ichthys LNG Project as one of the largest resource developments
operated by INPEX, linking offshore gas and condensate reserves off the northwest coast of Australia
with an onshore liquefaction plant in Darwin. The value chain comprises subsea wells, a Central
Processing Facility for gas treatment, a floating production, storage and offloading (FPSO) for
condensate stabilization and storage, and a long subsea pipeline delivering feed gas to the onshore LNG
plant. This integrated system allows Ichthys to supply LNG, LPG and condensate to global markets,
but it also creates a diverse set of greenhouse gas emission sources. These include CO: contained in the
reservoir gas, combustion-related CO: from turbines and other fuel gas users, and methane emissions
arising from leaks, vents and equipment upsets across offshore and onshore facilities.

Against this background, INPEX has set long-term climate goals and identified Ichthys as a key
platform for operational decarbonization. Mr Konno explained that the project’s strategy focuses first
on improving energy efficiency and reducing routine emissions before turning to larger capital-intensive
projects such as CCS. Fuel gas consumption at the LNG plant and offshore facilities is a major driver
of Scope 1 emissions, so the project team has introduced Advanced Process Control on critical units to
keep operation as close as possible to optimal conditions. By stabilizing temperatures, pressures and
flow rates, advanced process control (APC) reduces energy losses associated with process variability,
improves LNG train throughput per unit of fuel and minimizes the frequency of flaring during start-up
and turndown events.

Mr Konno highlighted several examples of how these control and optimization measures translate into
emissions reductions. On the onshore plant, improved coordination between gas turbines, compressors
and refrigeration systems has reduced the specific energy consumption per ton of LNG produced.
Offshore, fine-tuning compression systems and improving off-gas recovery has lowered continuous
flaring rates. In addition, reliability upgrades that increase compressor availability help avoid process
upsets and unplanned shutdowns, which can otherwise lead to large flaring events when systems are
restarted. Each of these steps contributes incrementally to lowering both CO: emissions from fuel gas
and methane slip from combustion equipment.

A second major pillar of the Ichthys program is methane management. Mr Konno noted that while
methane volumes are smaller than CO: in absolute terms, their high global warming potential means
that even modest reductions can have a significant climate impact. The project has therefore rolled out
a structured LDAR program across offshore platforms and the onshore plant. Trained technicians use
optical gas imaging cameras to scan valves, flanges and other potential leak points on a regular schedule,
logging and repairing leaks according to defined thresholds. To complement these ground-based surveys,
Ichthys has also trialed drone-based methane measurements, which are particularly useful for inspecting
elevated structures, confined racks and offshore topsides where access is challenging. These campaigns
help identify so-called super-emitters and provide data for refining emission factors.

In parallel, INPEX is working towards alignment with the OGMP 2.0 framework, which encourages
operators to replace generic emission factors with source-level measurements and transparent reporting.
Mr Konno explained that this approach not only improves the accuracy of emission inventories but also
supports better prioritization of mitigation actions. For example, if measurements show that a small
number of components are responsible for a large share of emissions, maintenance schedules and retrofit
plans can be adjusted accordingly. Over time, this data-driven method is expected to reduce both routine
fugitive emissions and the risk of unexpected releases.

The project is also exploring the introduction of low-carbon power to the onshore LNG plant. Because
liquefaction and associated utilities require substantial electricity, much of which is currently generated
from gas turbines, INPEX is studying the feasibility of connecting large-scale solar photovoltaic
facilities combined with battery storage. Mr Konno described a concept in which a dedicated
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transmission line could bring renewable power to the plant, reducing the need to burn fuel gas for
electricity and freeing that gas for higher-value uses. This option becomes even more important when
considering future CCS deployment, since CO: capture and compression will increase power demand
unless offset by efficiency gains or external renewable supply.

Looking further ahead, the Bonaparte CCS Project is expected to form a central component of the
Ichthys decarbonization pathway. Mr Konno outlined the ongoing technical studies, including seismic
surveys, appraisal wells and reservoir modelling for offshore formations located roughly 200 kilometers
from Darwin. The objective is to confirm that these formations can safely and efficiently store large
volumes of CO: over many decades, creating a storage hub that could serve Ichthys and potentially
other industrial sources in northern Australia. Key issues under evaluation include injectivity, pressure
management, long-term containment and monitoring plans that meet regulatory and stakeholder
expectations.

Mr Konno stressed that major projects such as Ichthys LNG can only achieve sustained GHG reductions
if large-scale initiatives are combined with continuous efforts in day-to-day operations. INPEX
promotes a working culture in which site personnel are encouraged to propose ideas for fuel savings,
process optimization and leak prevention. Such bottom-up initiatives, aligned with corporate climate
targets and supported by appropriate tools and training, help ensure that energy-efficiency
improvements and emission reductions are embedded in routine decision-making. He concluded that
the Ichthys LNG Project provides a practical example of how an LNG value chain can integrate
operational efficiency, methane abatement, renewable energy options and future CCS into a single,
coherent strategy for reducing greenhouse gas emissions while maintaining secure and reliable energy

supply.

d) Discussion and Q&A

Key Points of Discussion

® (lear policy targets backed by regulation, financial incentives and a cooperative ecosystem were
essential for Canada’s success in reducing methane emissions while maintaining a competitive oil
and gas sector.

® High-CO: gas field development with integrated CCS in Malaysia can be economically competitive
in comparison with LNG imports, but requires supportive regulation, emerging carbon pricing and
careful design of multi-user storage hubs.

® Methane management in upstream operations relies on practical solutions such as LDAR, drone-
based surveys, data-driven prioritization and, where possible, productive use of captured gas instead
of routine flaring.

® [arge LNG projects are exploring renewable power imports and, in some cases, battery storage to
complement gas-fired power and future CCS operations, although economic and operational
feasibility are still under active study.

® Well decommissioning, carbon dioxide—enhanced oil recovery (CO2-EOR) economics and long-
term CCS performance remain technically and financially challenging, highlighting the importance
of incentives, robust monitoring and international cooperation.

Questions and Answers

QUESTION: Mr Rodrigo Martinez to Mr Allan Fogwill

Several technological solutions for methane reduction in Canada appear already applicable and cost-
effective. Why has Canada succeeded in implementing these measures while other oil and gas producers
seem to be lagging behind?
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ANSWER: Mr Allan Fogwill

The key factor was not that Canada is inherently more capable but that it had a clear target accompanied
by supporting measures. When the federal government announced methane reduction objectives, it also
introduced regulations and funding mechanisms. Over about twenty years, a broader ecosystem
developed combining policy, regulation, public finance and industry action. Canada moved early, but
economies such as Japan or Indonesia could achieve similar results over time.

QUESTION: Mr Rodrigo Martinez to Mr Allan Fogwill

Did the Canadian oil and gas industry fully support these methane reduction policies from the
beginning? A common concern in the sector is that stringent methane regulations or new taxes might
undermine competitiveness and, by extension, energy security.

ANSWER: Mr Allan Fogwill

Industry prioritizes competitiveness. Canada’s relatively low production costs allowed companies to
allocate cash flow to emissions reduction. The government also provided tax credits, incentives and
capital cost-sharing arrangements. Effective policy requires matching ambition with resources; if
non-economic requirements rely solely on industry financing, the sector may suffer. Canadian royalty
systems mean governments depend on a healthy oil and gas industry, so policy makers balanced
environmental goals with economic viability and reliability. Recent international events had reinforced
the view that oil and gas will continue to play a significant role up to 2050, and that the priority should
be to make the existing industry part of the solution rather than to attempt to phase it out entirely.

QUESTION: Mr Rodrigo Martinez to Mr Yoshihiko Enokido

In high-CO: gas field development in Malaysia, CO: is typically separated and vented because it is
cheapest. Without disclosing specific cost figures, is an integrated gas-plus-CCS development in
Malaysia still economically competitive compared to importing LNG?

ANSWER: Mr Yoshihiko Enokido

High-CO: gas fields involve higher costs, but the relevant comparison is domestic development with
CCS versus LNG imports. The project’s assessments indicate that developing gas with CO: capture and
storage remains cheaper than importing LNG.

QUESTION: Mr Rodrigo Martinez to Mr Yoshihiko Enokido
Is the primary driver for CO: capture in Malaysia regulatory requirements linked to Malaysia’s climate
targets?

ANSWER: Mr Yoshihiko Enokido
Malaysia has GHG reduction targets, and the project must align with those policies and regulations. The
decision to capture CO: is aligned with Malaysian policies and regulations aimed at lowering emissions.

QUESTION: Mr Rodrigo Martinez to Mr Shinya Konno

Ichthys LNG Project’s technology roadmap considers integration of renewable energy. Are there
existing examples of renewable power being integrated into liquefaction, and how can variability from
solar or wind be managed given the need for stable energy supply?

ANSWER: Mr Shinya Konno

Ichthys is considering importing renewable power generated outside the project area. Large-scale solar
developments are being assessed, and imported renewable electricity may meet future demand
including potential CCS operations. Initial imports would be limited and expanded if successful.

QUESTION: Ms Nurnadia Nabillah PG HJ Saiful Rizal to Mr Yoshihiko Enokido
Does the BIGST Project operate under a carbon pricing framework, and can the CO- injection platform
accept CO:2 from other industries beyond the associated gas production facilities?
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ANSWER: Mr Yoshihiko Enokido

Malaysia is expected to introduce carbon pricing, though it is not yet formalized. Gas producers will
likely face carbon pricing in the future. BIGST currently focuses on storing CO2 from the project itself.
Malaysia is also developing a broader CCS strategy that includes the establishment of three CCS hubs.
If the selected storage site proves sufficiently large, Malaysia would consider utilizing it to store CO2
from other regions and industries. Japan and Malaysia are currently discussing CCS cooperation, and
governmental dialogue on this topic is ongoing.

QUESTION: Dr Kazutomo Irie to Mr Allan Fogwill

As oil and gas are often produced together, and even within gas production there is a distinction between
dry gas and wet gas with condensate. Across the spectrum from pure liquid hydrocarbons to pure
gaseous hydrocarbons, are there differences in the difficulty of controlling methane emissions?

ANSWER: Mr Allan Fogwill
Natural gas production usually has gathering systems allowing use of captured methane. Many oil
operations lack such infrastructure, so associated gas is often flared.

Forthcoming Canadian regulations aimed at achieving a 75% reduction in methane emissions are
expected to require operators to make productive use of captured gas—for example, generating heat or
producing synthetic liquid fuels—rather than simply flaring it without utilizing its energy content.

Canada no longer produces dry gas on a significant scale because it is not economically attractive.
Current gas production is driven largely by the value of natural gas liquids and condensate, which are
needed as diluents for transporting heavy oil from the oil sands by pipeline.

QUESTION: Dr Kazutomo Irie to Mr Allan Fogwill
Does Canada face similar challenges managing emissions from oil sands production, particularly flaring
and methane control?

ANSWER: Mr Allan Fogwill

Canada has two main oil sands methods. Surface mining is capital-intensive and no new mines are
expected. Steam-assisted gravity drainage, which is the dominant production method, does not
necessarily generate large amounts of methane, although it does result in substantial CO. emissions due
to the steam requirements. Both conventional oil and oil sands share issues such as surface-casing vent
flows, which must be addressed during operations and at decommissioning.

QUESTION: Mr Phung Quoc Huy to Mr Yoshihiko Enokido
For CO:-EOR projects, can additional oil revenue offset CO: storage costs?

ANSWER: Mr Yoshihiko Enokido

In this CO2-EOR project, CO: is sourced from a nearby coal-fired power plant. Following injection, oil
production increased by a factor of approximately 30—40 compared to pre-injection levels; however,
overall profitability remains challenging. Incntives in the United States, such as Section 45Q), play an
important role in supporting the economic viability of similar projects.

QUESTION: Mr Allan Fogwill to Mr Shinya Konno
Battery energy storage systems for managing renewable variability are expensive. What is the economic
rationale for considering batteries at Ichthys?

ANSWER: Mr Shinya Konno
INPEX is evaluating multiple options to reduce GHG emissions at Ichthys. Renewable power import is
in an early study stage, and battery storage is still being assessed for economic and operational feasibility.
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3-1-4. Session 3: Oil Industry
Session Moderator : Mr Nabih Matussin, Senior Researcher, APERC

a) Refinery Production Efficiency, Challenges and Off-Gas Emissions in the APEC Region

Mr Kevin Henke, Senior Advisor, HSB Solomon Associates LLC, the United States

Summary

Mr Kevin Henke presented insights from Solomon Associates’ global refinery benchmarking, which
covers over 85% of global capacity. He emphasized that off-gas emissions cannot be sustainability
addressed as an isolated environmental issue., Off-gas emissions controls must be integrated into the
core business objectives of refineries, particularly net cash margin, return on investment, and long-term
survivability. He noted that leading refineries achieve lower emissions and higher efficiency through
strong asset management, reliability, and continuous benchmarking.

Reducing total energy demand, rather than pursuing efficiency in isolation, delivers the greatest impact
on emissions. Benchmarking data showed that refinery age is not a key factor—older plants often
outperform newer ones when maintenance and reliability are prioritized. Major inefficiencies stem from
oversized steam systems, waste heat losses, and unplanned shutdowns, which elevate flaring and off-
gas emissions. Amid declining margins, uncertain fuel demand, and rising costs, Mr Henke underscored
the need for policies aligned with operational realities, supporting electrification, risk-based inspection,
and data-driven management to ensure refineries enhance efficiency, cut emissions, and sustain
competitiveness during the energy transition.

Mr Henke opened his presentation by emphasizing that refinery success is fundamentally measured by
financial performance, particularly net cash margin and return on investment. Off-gas emissions, he
argued, must not be treated as a standalone environmental issue. Off-gas emissions reductions need to
be embedded within normal refinery operations. Leading refineries integrate emissions reduction into
day-to-day decision-making rather than managing it through separate task forces.

He highlighted the importance of a strong operational foundation, including asset lifecycle management,
planning, and optimization. Without high reliability as a priority, sustainable energy efficiency and
emissions reduction are not achievable. Mr Henke stressed that reducing overall energy demand is more
impactful than incremental efficiency gains, as demand reduction inherently lowers emissions and
simplifies process operations.

Drawing on Solomon Associates’ global benchmarking database, which covers over 85% of global
refining capacity, he explained the company’s role in identifying best-performing refineries and
translating their practices into actionable insights. Solomon conducts biannual global benchmarking
studies, enabling refiners to “benchmark, copy, and catch up” rather than reinventing solutions.

Addressing refinery survivability, Mr Henke presented distribution curves of break-even production
costs, noting that around 90% of costs are driven by crude oil feedstock, while operating expenses
account for much of the remainder. Refineries in APEC economies generally show lower break-even
costs than the global average, yet significant variability remains. High-cost refineries face closure risks,
and refinery rationalization is already occurring in several economies.

Reliability was identified as a decisive factor for both energy efficiency and emissions performance.
Using data on crude distillation units, Mr Henke demonstrated that refinery age does not determine
reliability. Some units over 100 years old operate with minimal shutdown days, while newer units may
suffer frequent downtime. Unplanned shutdowns and startups increase flaring, energy losses, and safety
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risks. High performers maintain reliability through disciplined maintenance, clear targets, and a
continuous improvement culture.

Waste heat rejection was presented as another major inefficiency indicator. Mr Henke compared cooling
tower plumes to flares, noting that both visibly represent wasted energy. Oversized steam systems were
identified as a primary driver of inefficiency, accounting for roughly 50% of excess energy use. Leading
refineries reduce steam system size. One technique mentioned is to directly integrate gas turbines with
process heaters, and avoid unnecessary heat recovery steam generation.

He further highlighted resource inefficiency, noting that approximately 19% of crude processed in
APEC refineries leaves as low-value products priced below crude input cost. Measuring and managing
this loss is essential, as performance improves once waste is quantified and reduced.

Mr Henke observed that more than half of global refining capacity has not improved energy efficiency
since 2018, with APEC economies performing slightly below the global average. Initiative overload,
risk aversion, and narrow project justification were cited as key barriers. In contrast, leaders adopt a
future-state vision and holistic economic evaluation.

He concluded by discussing policy implications, emphasizing electrification to reduce steam
dependency and emissions, and warning that rigid inspection regulations may unintentionally increase
flaring by forcing unnecessary shutdowns. Aligning policy frameworks with operational realities and
technological progress is essential to support refinery competitiveness while advancing emissions
reduction goals.

b) Intelligent Transformation in the Petrochemical Industry: Insights and Practice

Dr Jiahang Han, Director of Al Key lab, Research and Development Center, Petro-CyberWorks
Information Technology Co., Ltd. (PCICT), China

Summary

Dr Jiahang Han presented on intelligent transformation at China Petroleum & Chemical Corporation
(SINOPEC), emphasizing how digitalization and artificial intelligence (Al) can enhance efficiency,
safety and emissions management across the petrochemical value chain. Confronting pressures from
energy transition, decarbonization goals and stricter safety rules, SINOPEC treats intelligent
transformation as central to high-quality growth. Its framework rests on three pillars—enterprise-wide
management, end-to-end operational optimization and advanced manufacturing integrating Al, data and
first-principles models. The company has evolved from rule-based systems to deep learning and
generative Al, enabling real-time, data-driven decision-making. Applications include intelligent
diagnostics for oil wells, predictive maintenance of compressors and furnaces, and real-time
optimization of refining and polymer production. Robotics, drones, fifth-generation (5G) mobile
communication systems, and Internet of Things (IoT) further strengthen safety, inspection and leak
detection. These technologies have yielded measurable benefits—higher control precision, lower
energy use, greater yields of high-value products and fewer process alarms. Dr Han concluded that
combining Al with scientific principles builds trust in intelligent systems and ensures lasting gains in
operational efficiency, emissions reduction and resilience.

Dr Han stated that the petrochemical industry is at a critical crossroads, facing increasing pressure from
the global energy transition, rapid electrification, decarbonization targets, and stricter safety
requirements. In response, SINOPEC has initiated a comprehensive intelligent transformation to move
from traditional manufacturing toward more efficient, data-driven, and resilient operations. The
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4. Appendix

4-1. Agenda
MC: Mr Yoshiaki Imaizumi, Deputy General Manager, APERC
Day 1: (3 December 2025)

8:30-9:00 | Registration (Emerald Room, 28th Floor)

9:00-9:10 | Opening Remarks
Dr Kazutomo Irie, Chairman & President, Asia Pacific
Energy Research Centre (APERC)

9:10-9:25 | Keynote Speech
Ms Yuna Natsumi, Deputy Director, International Affairs
Division, Agency for Natural Resources and Energy, Ministry
of Economy, Trade and Industry (METI), Japan

9:25-9:40 | Scene Setting-

Mr Rodrigo Martinez, Researcher, APERC

Session 1: Coa

1 Industry

Session Moderator
Dr Atsushi Kurosawa, Executive Research Fellow, The
Institute of Applied Energy (IAE), Japan

9:40-10:00 | Indonesia’s Coal Sector in the Energy Transition Era
Mr Ignatius Wurwanto, Vice Chairman, ESG and Mining
Governance, Indonesian Coal Mining Association (APBI-
ICMA), Indonesia

10:00-10:20 | Upstream Clean Coal Technologies

Mr Ben Rice, Head of Government Relations and Media, Low
Emission Technology Australia (LETA), Australia

10:20-10:40

Energy Efficiency in Mining Machinery
Mr Hisashi Asada, General Manager, Solution Department,
Mining Business Division, Komatsu Ltd., Japan

10:40-11:00

Discussion and Q&A

11:00-11:15

Coffee Break

Session 2: Gas

Industry

Session Moderator
Mr Rodrigo Martinez, Researcher, APERC

11:15-11:35

How Canada Reduced Upstream Qil And Gas Methane
Emissions By More Than 50%

Mr Allan Fogwill, Chief Operating Officer, Petroleum
Technology Alliance Canada (PTAC), Canada

11:35-11:55

Upstream Greenhouse Gas Reduction in Malaysia
(Introducing BIGST Project)
Mr Yoshihiko Enokido, Head, COO Office, Business

Division 1, ENEOS Explora Inc., Japan
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11:55-12:15

Efforts to Reduce GHG Emissions in Ichthys LNG Project
Mr Shinya Konno, General Manager, Oceania Projects
Division, Oceania Projects Unit, INPEX Corporation, Japan

12:15-12:35

Discussion and Q&A

12:35-14:00

Lunch (Pearl Room, 26th Floor)

Session 3: Qil Industry

Session Moderator
Mr Nabih Matussin, Senior Researcher, APERC

14:00-14:20

Refinery production efficiency, challenges and off-gas
emissions in the APEC region

Mr Kevin Henke, Senior Advisor, HSB Solomon Associates
LLC, USA

14:20-14:40

Intelligent Transformation in the Petrochemical
Industry: Insights and Practice

Dr Jiahang Han, Director of Al Key lab, Research and
Development Center, Petro-CyberWorks Information
Technology Co., Ltd. (PCICT), China

14:40-15:00

Energy saving improvements and Fuel Gas flaring
reduction in Dung Quat Refinery

Mr Le Hai Tuan, General Manager, Production Division, Binh
Son Refining and Petrochemical JSC (BSR), Viet Nam

15:00-15:20

Discussion and Q&A

15:20-15:30

Group Photo

17:00-19:00

Dinner Reception (Pearl Room, 26th Floor)

Day 2: (4 December 2025)

Discussion Session
(Emerald Room, 28th Floor)

9:00-11:10

1. Coal Session (Moderator: Dr Atsushi Kurosawa, IAE)
2. Gas Session (Moderator: Mr Rodrigo Martinez,
APERC)

3. Oil Session (Moderator: Mr Nabih Matussin, APERC)
4. Next Step

11:10-11:15

Closing Remarks
Dr Kazutomo Irie, Chairman & President, APERC

11:15-12:15

Lunch (Pearl Room, 26th Floor)

12:35-17:00

Site Visit
Idemitsu Chiba Complex
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4-2. List of Acronyms

4G - Fourth-generation mobile communication system
5G - Fifth-generation mobile communication system

Al — Artificial Intelligence

APC — Advanced Process Control

APEC — Asia-Pacific Economic Cooperation

APERC - Asia Pacific Energy Research Centre
APBI-ICMA - Indonesian Coal Mining Association (Asosiasi Pertambangan Batubara
Indonesia)

AHS — Autonomous Haulage System

AUD - Australian Dollar

AZEC — Asia Zero Emission Community

BSR - Binh Son Refining and Petrochemical Joint Stock Company
CCS - Carbon Capture and Storage

CCUS - Carbon Capture, Utilization and Storage

CHP - Combined Heat and Power

CMM - Coal Mine Methane

CO; - Carbon dioxide

DX - Digital Transformation

EIl — Energy Intensity Index

EOR - Enhanced Oil Recovery

FPSO - Floating Production, Storage and Offloading
FOLU — Forestry and Other Land Use

GHG - Greenhouse Gas

GX — Green Transformation

IAE — Institute of Applied Energy

[oT — Internet of Things

IPCC - Intergovernmental Panel on Climate Change

ISO — International Organization for Standardization
LDAR - Leak Detection and Repair

LETA — Low Emission Technology Australia

LNG - Liquefied Natural Gas

METI - Ministry of Economy, Trade and Industry (Japan)
NDC - Nationally Determined Contribution

OGMP 2.0 - Oil and Gas Methane Partnership 2.0
PCICT - Petro-CyberWorks Information Technology Co., Ltd.
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PETRONAS - Petroliam Nasional Berhad

PTAC — Petroleum Technology Alliance Canada

RFCC — Residual Fluid Catalytic Cracking

RBI - Risk-Based Inspection

RTO - Real-time optimization

RUPTL - Indonesia’s National Electricity Supply Business Plan
SAF — Sustainable Aviation Fuel

SINOPEC — China Petroleum & Chemical Corporation
SMS - Safety Management System

SPM - Single-Point Mooring

VLCC - Very Large Crude Carrier

VOC - Volatile Organic Compounds

VAM - Ventilation Air Methane
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4-3. Presentation Materials

1. Scene setting: APEC Workshop on Cleaner and More Efficient Operation of the Fossil
Energy Industry

2. Indonesia’s Coal Sector in the Energy Transition Era

3. Upstream Clean Coal Technologies

4. Energy Efficiency in Mining Machinery

5. How Canada Reduced Upstream Oil And Gas Methane Emissions By More Than 50%
6. Refinery production efficiency, challenges and off-gas emissions in the APEC region

7. Energy saving improvements and Fuel Gas flaring reduction in Dung Quat Refinery
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Refineries with Energy Efficiency Improvement since 2018
2024 Study

Percent Improvement

Percentile

>50% of worldwide refining capacity has not improved energy efficiency since 2018

conmonnaison 4 soromon | 1



7. Energy saving improvements and Fuel Gas flaring reduction in Dung Quat Refinery

CONTEN
PETROVIETNAM
BSR

BINH SON REFINING &PETROCHEMICAL JSC

INTRODUCTION TO DUNG QUAT
REFINERY AND BSR

APEC WORKSHOP ON CLEANER AND MORE EFFICIENT
OPERATION OF THE FOSSIL ENERGY INDUSTRY

ENERGY SAVING IMPROVEMENT AND FUEL GAS FLARING REDUCTION
IN DUNG QUAT REFINERY i ENERGY SAVING IMPROVEMENT &

FUEL GAS FLARING REDUCTION

KEYNOTE TAKEWAY

I. INTRODUCTION TO DUNG QUAT REFINERY AND BSR !2 1. INTRODUCTION TO DUNG QUAT REFINERY AND BSR !2
BSR BSR

# Location: Quang Ngai Province — Center of Viet Nam Vision ©
5
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leading integrated sustainable energy company through the refinery optimization, diversification and innovation
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Il. ENERGY SAVING IMPROVEMENT & FUEL GAS
FLARING REDUCTION

Refinery Hydrocarbon Flaring and CO2 Emission From 2018 To 2025

REFINERY HYDROCARBON FLARING

¥ Dung Quat Refinery has significantly

reduced hydrocarbon flaring over the
years, with clear downward trends to
~ 4500 tons/year (0.05%) despite
turnaround periods, reflecting strong
operational performance and effective
implementation  of flare-reduction

Il. ENERGY SAVING IMPROVEMENT & FUEL GAS
FLARING REDUCTION

BSR Integrated Energy &
Emission Management System

ENERGY PLANNING PROCEDURE

PROCEDURE FOR IMPLEMENTING IMPROVEMENT IDEAS

PROCEDURE-
INSTRUCTION PROCEDURES FOR MANAGING ELECTRICITY AND WATER USAGE

IN ADMINISTRATIVE BUILDINGS

IMPROVEMENT INITIATIVE MANAGEMENT PROCEDURE
1SO 50001
MANAGEMENT

SYSTEM GUIDELINES FOR FLARE DISCHARGE MONITORING

initiatives. Its target is to achieve

. - g ENERGY GUIDELINES FOR ESTABLISHING, MONITORING, AND OPTIMIZING
{ensness  ANNUAL CO2e EMISSION OF THE REFINERY (AT 100% CAPACITY) zero flaring” by 2030. Mé‘gﬁﬁﬁ“ﬂEET ENERGY VARIABLES
1800000
180000 ¥ Total CO,e emissions have steadily [TECHNICAL STANDARDS, OPERATING S P AU
i declined from 2018 to 2025 thanks to PARAMETERS HANDBOOK, AND ENERGY-
1200000 N T X INFLUENCING VARIABLES
o continuous energy optimization, fuel MANUAL OF OPERATIONAL LIMIT
#0000 -~ - PARAMETERS
500000 switching, and advanced emission- ENERGY EFFICIENCY AND EMISSION

400000
200000

reduction
refinery.

measures  across  the

REDUCTION STRATEGY
¥ By implementing a comprehensive 1ISO 50001 energy management system with clear policy, strategy,

procedures, guidelines, and technical standards, It has strengthened operational excellence, enabling
sianificant reductions in Ell. internal enerav consumnotion. and CO2 emission.

Il. ENERGY SAVING IMPROVEMENT & FUEL GAS :2

FLARING REDUCTION o

Principles of Energy Optimization and Gas Flaring Emission Reduction
Maintain effectively ISO 50001 Energy Management System

Il. ENERGY SAVING IMPROVEMENT & FUEL GAS !2
FLARING REDUCTION =
Operational Optimization & Energy Efficiency Improvement Solutions

i | st |

Encourage internal innovation, energy-saving & gas emission reduction
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Il. ENERGY SAVING IMPROVEMENT & FUEL GAS !2
FLARING REDUCTION o
Fuel Gas Flaring Reduction Solutions And Ongoing Projects

= 1,500 tons FO/year Install 2" pipeline to

Il. ENERGY SAVING IMPROVEMENT & FUEL GAS !2
FLARING REDUCTION ]

Ongoing & Upcoming Key Energy Improvement Projects

m“ Improvement solutions Objectives I"Vt's;‘;‘e
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Il. ENERGY SAVING IMPROVEMENT & FUEL GAS :!
FLARING REDUCTION

Changing operation mode of boiler system: Switched two boiler firing FO and one

boiler firing FG into 2 FG boilers and 1 FO boiler

Orignal operation mode: Boiler
system operated 2 boilers firing
FO and 1 boiler firing FG
— Frequently FG vented to flare.

Boiler | Boiler
(FG) (FO)

Implementation steps

Calculated and evaluated the Fuel Gas and Fuel Oil
network balance of the Refinery.

Conducted the risk assessment and implement a
MOC.

Issued steam load shedding guidelines and other
related procedures for abnormal situations of the
refinery fuel gas network. Carried out training
program and operational drills for operators.

Il. ENERGY SAVING IMPROVEMENT & FUEL GAS :!
FLARING REDUCTION

Dual-firing Boiler Solution: Operated two burners firing FO and one burner firing FG.
Implementation steps

Conducted trial test the boiler operating with two
burners using FO firing and one burner fuel gas (FG)
firing, adjust the optimal fuel-to-air ratio.

Orignal Design: Boiler can firing
only one fuel type (FG or FO or DO)
as the same time.
Norrmal operation mode:
- 02 Boiler: FG firing
- 01 Boiler: FO firing Collected data and developed a new operating curve
— Frequently FG vented to flare. for dual-fuel combustion, with two burners firing fuel
oil and one burner firing gas fuel.

e Y —
Designed a new control logic to enable stable and
safe dual-fuel operation

Changed the boiler operation mode into 2 FG
Boilers and 1 FG boiler in 2014 to maximize FG

consumption.
p R

Saved approximately 3 — 4 tons of Fuel Gas per
hour, equivalent to 27,000 — 36,000 tons per year.

Il. ENERGY SAVING IMPROVEMENT & FUEL GAS !z
FLARING REDUCTION i

Benefits of Dual-firing of Boilers

per year.

Save/reduce approximately 6.128 tons of Fuel Oil consumption

Develop an operating procedure for boilers in dual-fuel mode
firing and handle abnormalities in case of incidents.

No investment cost, the benefits amount to approximately
USD 3.7 million per year.

Reduce CO, emissions at Dung Quat Refinery by approximately
19,082 tons per year.
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Results of the solution
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Burner 2 -

(FO) Developed procedures, operating guidelines, and

Burner 3 instructions for this application.
(FG) t o —

Selected an appropriate boiler operating mode since

2017 to prevent excessive FG being flared.
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Change of control principle: Switch from split range controller to independent dual
control (couple controller) and adjust the pressure setpoint values of valve A&B
controllers to minimize the amount of hydrocarbon gas and sour gas flared.

21 Controlllers

Hydrcacbon (HC) (Split range)
from Process units

Main Flare

_‘k m gas emissions
e I T !”'
i Reduced 0,12+0,15 t/hr .

Sour Gas I

Il. KEYNOTE TAKEAWAY 3

Dung Quat Refinery has delivered remarkable energy performance
improvements and substantial hydrocarbon flaring & CO2 emission reduction.
Creativity and Innovation Targeting to Ell < 95%, zero flaring by 2030 and Net-Zero in 2050.

Uy

BSR’s integrated energy & emission management system with clear
policies, strategies, procedures and KPI's ensure successfully disciplined
governance and continuous improvement across all operation.
Strong technical innovation enable BSR to successful energy transition
and deeper decarbonization. In addition, strengthening cooperation with
ASIA energy companies (ENEOS, COSMO, SK, PETRONAS...),
licensors, vendors, and consultants to aim sustainable development.

a _—

BSR is committed to a long-term low carbon transition aligned with global
energy trends. Its 2050 roadmap integrates energy efficiency, renewable &
clean energy, CCUS, afforestation and carbon credits.
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