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Few challenges are more important than transforming the global economy to achieve 
Paris Agreement climate commitments. Governments and experts recognize this requires 
accelerated investment in lower carbon and near-zero emissions technologies of all types 
across all sectors. About 80 percent of the world’s emissions currently come from the industrial, 
power generation and commercial transportation sectors, each of which will take at least 
several decades to transition to lower emitting technologies. Carbon capture and storage 
(CCS) can be an effective solution to help manage the carbon dioxide (CO2) emissions in hard-
to-abate sectors. As a result, CCS projects are being proposed in many parts of the world.

The Asia-Pacific region hosts many of the most dynamic economies in the world. In 2023 this 
region contributed to 60 percent of global economic growth. Its geographic and socioeconomic 
circumstances also make Asia highly vulnerable to climate change. The Asia Development 
Bank (ADB) assesses that climate change under a high emissions scenario could impose gross 
domestic product (GDP) losses of 24 percent in developing Asia. The emission intensity of 
Asian economies is currently 41 percent higher than the rest of the world. Historical emissions 
from this region were low. But because of the rapid migration of global manufacturing to Asia, 
Asian emissions have grown faster than the global average, doubling from 22 percent in 1990 
to 44 percent in 2019, and are projected to hold at this level until mid-century under current 
policies. If this trend is not altered, the region itself will exhaust the remaining global carbon 
capacity consistent with emissions budget required to limit warming to 1.5 degrees Celsius by 
2040.1

CCS as Asia’s Growth Enabler 
in a Decarbonizing World

1 Asia in the Global Transition to Net Zero: Asian Development Outlook 2023 Thematic Report  
(April 2023) - Afghanistan | ReliefWeb



Asian governments have made ambitious climate pledges, but country and sector-specific 
decarbonization plans and policies are not yet well developed or aligned with these pledges, 
especially in the hard-to-abate industrial and power generation sectors. The potential for 
CCS-based abatement in the region thus is enormous. In McKinsey’s “achieved commitments” 
scenario, more than 60 percent of the world’s future CCS abatement would have to come 
from the Asia-Pacific region, constituting more than three gigatons per annum of abatement 
by 2050.2  However, unlocking the region’s CCS potential is challenged by disparate access 
to viable underground geologic storage, immature domestic regulatory frameworks, and 
the need to develop cross-border CCS policies and infrastructure. If these challenges can be 
successfully addressed, cross-border CCS will enable the Asia-Pacific region to become the 
world’s low-carbon manufacturing hub.

CCS as Asia’s Growth Enabler in a Decarbonizing World

2 The CCUS carbon capture potential in Asia-Pacific | McKinsey



CCS is the process of capturing, separating, and treating CO2 from industrial activity or power 
plants, which would otherwise be released into the atmosphere. The CO2 is then transported 
to a storage location, generally by pipeline or by ship, and then injected deep underground 
for safe, secure and permanent storage. Due to trapping mechanisms, the stored CO2 will 
stabilize and stop migrating over time.  If suitable geology exists, it can begin to combine with 
other minerals to become a solid.

Carbon capture and utilization (CCU) differs from CCS in that it does not aim or result in the 
permanent geological storage of CO2. Instead, CCU seeks to convert the captured CO2 into 
more valuable substances or products, such as concrete, plastics, or low emissions fuels, 
while retaining the carbon neutrality of the production process. This paper focuses on the 
permanent storage of CO2.

CCS is not a new technology. CCS projects have been operating around the world for decades. 
According to the United Nations Intergovernmental Panel on Climate Change (IPCC) 1.5 special 
report, achieving net zero emissions by 2050 is not possible without scaled deployment of 
CCS and other carbon dioxide removal technologies. With increased collaboration between 
industry, governments and communities – along with supportive policies and regulations 
– CCS can be deployed at scale to help reduce the carbon intensity of industrial processes 
that enable modern society. However, the contribution of CCS to a lower carbon future will 
largely be determined by government support, regional coordination and enabling policy and 
regulatory frameworks.

Carbon Capture and Storage



More than two-thirds of energy-related emissions originate from single-point sources, like a 
refinery or manufacturing facility, where CCS can play an important role. Although renewable 
energy has enduring value in reducing emissions in the power generation sector, and electric 
vehicles can help address transportation emissions, neither can address the emissions 
associated with industrial processes, such as in the manufacturing, power generation, refining, 
petrochemical, steel, and cement industries. These industries also produce nearly two-thirds 
of the world’s energy-related CO2 emissions.3  Every ton of cement that is produced emits 
nearly an equal amount of carbon dioxide,4  and every ton of steel produced emits almost 
double the amount of CO2.5  CCS as an application can have an immediate significant impact 
in these critical sectors. According to the Center for Climate and Energy Solutions, CCS can 
capture more than 90 percent of emissions from power plants and industrial facilities.6

3 Global energy-related CO2 emissions by sector – Charts – Data & Statistics - IEA
4 Cement CO2 Emissions | Global Greenhouse Warming (global-greenhouse-warming.com)
5 OUR INDICATORS | worldsteel
6 Carbon Capture | Center for Climate and Energy Solutions (c2es.org)
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A wide range of studies have examined well managed CO2 storage projects and found it a safe 
practice. A 2015 Carnegie Mellon University study assessed, “geologic carbon storage remains 
a safe option to mitigate anthropogenic climate change,” and “properly sited and managed 
CO2 storage sites are unlikely to induce seismicity.” The IPCC’s sixth assessment report (2022) 
stated, “if the geological storage site is appropriately selected and managed … the CO2 can be 
permanently isolated from the atmosphere.” 7

Well managed and regulated CO2 storage sites are carefully selected after undergoing rigorous 
analysis to ensure they are geologically suitable. The CO2 is typically stored over two thousand 
meters underground at land or in the seabed under the sea.  At such depth, the CO2 becomes 
a dense phase liquid that does not move around much and is stored below any sources of 
drinking water. The injected CO2 is held in place by thick, impermeable seal rocks, which are 
similar to the rocks that have kept oil, natural gas, and naturally occurring CO2 underground 
for millions of years.

Industry has been safely injecting CO2 around the world for decades, successfully demonstrating 
there are no technical barriers that prevent permanent and secure CO2 storage. Once stored, 
the storage sites are constantly monitored for any potential geologic changes. Generally, 
a three-tier system of technologies is used to monitor sites for any potential leaks at the 
atmospheric, near-surface, and deep sub-surface levels. Examples include sample well logs, 
optical laser sensors, pressure-monitoring transponders and 4D seismicity technology.

Safety of Transporting 
and Storing CO2

7 IPCC_AR6_WGIII_SummaryForPolicymakers.pdf, p. SPM-37



The potential risks associated with geological storage of CO2 – such as seismicity and storage 
security – have proven to be minimal if properly regulated and managed. Underground 
geological storage of CO2 has been a naturally occurring process for hundreds of millions 
of years.8  CO2 is not explosive or flammable.  Every CO2 storage project is different, and the 
conditions of each site will determine how risks are defined and managed.  

Industry has been safely moving CO2 via pipelines for decades. There are more than 5,000 miles 
of CO2 pipelines in the United States alone, transporting about 80 million metric tons of CO2 per 
year. For more than 30 years, the U.S. Pipeline and Hazardous Material Safety Administration 
(PHMSA) has regulated the safe transportation of CO2 in pipelines. This includes oversight 
of pipeline design, construction, pressure testing, operations, and maintenance. As CO2 
infrastructure expands, the companies represented by ANGEA support enhanced oversight, 
regulations and standards to manage continued safe operations.

Safety of Transporting and Storing CO2

8 TECHNICAL REPORT TEMPLATE AND USER GUIDE (doe.gov), p. 1



The costs of specific CCS projects vary significantly, but overall, they are in line with many 
other climate solutions. The National Petroleum Council’s 2019 CCS report, Meeting the Dual 
Challenge, found about 350 million metric tons of CO2 could be captured every year with CCS, 
with an initial incentive of $100/metric ton of CO2. If incentives grew to $175/metric ton, 1.4 
billion metric tons of CO2 could be captured annually from both concentrated and the harder-
to-decarbonize diluted streams – more than half of all U.S. emissions from stationary sources.9 

In the United States, current subsidies for electric vehicles can reach the equivalent of more 
than $450/metric ton of CO2, which includes the emissions associated with charging the 
vehicles from the electricity grid. If the grid were to be completely decarbonized, subsidies for 
electric vehicles would still be equivalent to roughly $200/metric ton of CO2. Since CO2 in the 
atmosphere is much more dilute than the exhaust gas from a power plant or industrial facility, 
the International Energy Agency reports that direct air capture (DAC) uses more energy and 
could be significantly more expensive than other CO2 capture technologies. Cost estimates 
can approach $1,000/metric ton.10

The cost per ton of CO2 for wind and solar has dropped significantly since the early days 
of widespread deployment of those technologies. Similar incentives for the widespread 
deployment of CCS could have a similar impact on reducing CCS capture, transport, and storage 
costs. Therefore, CCS has the potential to be a highly scalable and cost-effective solution in a 
portfolio of solutions that are needed to decarbonize the electric grid and numerous emissions-
intensive, but also hard-to-abate, industrial sectors.

Cost Comparison 
of Alternatives

9 https://dualchallenge.npc.org/files/CCUS_V1-FINAL.pdf, p. 21
10 Direct Air Capture – Analysis - IEA



Economic 
Benefits 

of CCS

Commercial-scale deployment of CCS 
could create a new industry, resulting 
in job creation and economic growth. 
According to the 2019 NPC CCS report, 
jobs associated with CCS investment in 
the United States could grow from about 
10,000 per year initially to more than 
200,000 per year by 2050. In addition to 
new jobs being created, thousands of 
existing jobs at industrial facilities would 
be maintained even as governments 
implement low carbon policies.

To put it another way, the IPCC’s fifth 
assessment report estimated the cost of 
achieving a 2°C outcome would increase 
by 138 percent if CCS were not included in 
the set of decarbonization solutions.11 

11 IPCC Fifth Assessment Report



The IPCC and the IEA agree that CCS is one of the most important low-carbon technologies 
required to achieve society’s climate goals at the lowest cost. The IPCC’s sixth assessment 
report assessed that net-zero industrial CO2 emissions are “challenging but possible” using 
low-carbon “electricity, hydrogen, fuels and carbon management.” It added that CCS must be 
part of any future net-zero CO2 energy system as a “critical mitigation option.”12  The report 
specifically singled out the cement industry, stating, “until new chemistries are mastered, 
deep reduction of cement process emissions will rely on … the availability of CCS.”13  The IPCC 
identified seven “mitigation pathways” that can limit climate change to 1.5 to 2 degrees Celsius. 
CCS is a critical component in six of those scenarios. The only one in which it is not included 
is the scenario that requires global energy demand to fall in half in the next 30 years – a 
highly unlikely outcome. The IPCC also explains that CCS technology can help societies achieve 
several of the United Nations’ sustainable development goals.14 

According to International Energy Agency’s 2020 carbon capture, utilization and storage 
technology roadmap report, “reaching net-zero (emissions) will be virtually impossible without 
CCUS.”15  In its 2021 CCUS report, the IEA stated, “CCUS technologies will play an important 
role in meeting net-zero targets, including as one of the few solutions to tackle emissions from 
heavy industry and to remove carbon from the atmosphere.”16  The IEA estimates CCS could 
mitigate 1.6 billion metric tons of CO2 by 2030 and 7.6 billion metric tons of CO2 annually by 
2050.17  The IEA concludes that carbon capture and storage is “the only group of technologies 
that contributes both to directly reducing emissions in critical economic sectors and to 
removing CO2 to balance emissions that cannot be avoided – a balance that is at the heart of 
net-zero emission goals.”18

What International 
Organizations say about CCS

   12 IPCC_AR6_WGIII_SummaryForPolicymakers.pdf, p. SPM-37
  13 IPCC_AR6_WGIII_SummaryForPolicymakers.pdf, p. SPM-38

14 IPCC_AR6_WGIII_SummaryForPolicymakers.pdf, figure SPM-8, p. SPM-54
  15 CCUS in Clean Energy Transitions – Analysis - IEA

  16 Carbon capture, utilisation and storage - Fuels & Technologies - IEA
  17 Net Zero by 2050 - A Roadmap for the Global Energy Sector, p. 80

  18 The world has vast capacity to store CO2: Net zero means we’ll need it – 
Analysis - IEA



Policy 
Principles

Ten general conditions are required for the 
deployment of CCS at scale: 

1.	 Government commitment to the deployment 
and scale of CCS

2.	 Access to land and pore space for 
underground geologic storage

3.	 A carbon market or financial incentive 
mechanism

4.	 Regulatory and legal frameworks
5.	 Energy infrastructure to transport, inject and 

permanently store CO2
6.	 Cross-border transport considerations
7.	 Long term liability
8.	 Public acceptance
9.	 International cooperation on technical and 

policy matters
10.	Support for financing of CCS projects and 

incentives

Government commitment to supporting CCS as 
part of its overall climate mitigation strategy is 
the key first step to encouraging investment. 
Governments across the Asia-Pacific region will 
need well-designed domestic financial incentives 
and regulatory frameworks to encourage direct 
investment in CCS. 



A market-based price on carbon to establish market incentives is needed to accelerate 
deployment of CCS. Durable, predictable, market-driven policies will produce the greatest 
emissions reductions at the lowest cost to society. In the absence of a strong carbon market, 
providing initial policy support for CCS is likely to facilitate the development of an effective 
marketplace, driving down costs and spurring additional investment. 

Governments across Asia also will need well-designed domestic financial incentives and 
regulatory frameworks to encourage direct investment in CCS, in the same way they have 
accelerated growth for wind, solar and electric vehicles. Financial mechanisms to motivate 
early investments can be provided through a variety of mechanisms, such as contracts-for-
difference or long-term tax credits, depending on the structure of the economy. In addition, 
countries with storage options should consider how to leverage their resources by selling 
storage services to other countries to underpin the cost of storage provision.

Widespread deployment of CCS technology will also require sufficient government regulatory 
support. Well-designed policies should provide adequate incentives and implement a durable 
regulatory and legal environment to drive additional industry investment. CCS regulatory 
frameworks should:

•	 Clearly define the regulatory authority for CCS;
•	 Once secure geologic storage for CO2 is demonstrated, establish mechanisms to transfer 

long-term oversight of secure, geologic CO2 storage to governments;
•	 Provide appropriate standards, including fit-for-purpose CO2 injection well-design 

standards, to manage safe, secure, and permanent CO2 storage;
•	 Provide legal clarity for pore space ownership;
•	 Allow access to land for development of necessary energy infrastructure to support CCS;
•	 Ensure a streamlined permitting process for CCS facilities; and
•	 Provide access to CO2 storage capacity owned or controlled by governments.

Policy Principles



In the Asia-Pacific region, cross-border transport of CO2 for CCS is key to success of the 
technology. Many countries that are willing to pay for mitigation options and have a 
concentration of hard-to-abate industrial activity do not have access to storage within their 
borders. For these countries, CCS will require storage to be located and operated in another 
country. Because of the cross-border nature of this model, governments must also address 
cross-border topics for CO2 transport, including:

•	 Standards for cross border transport, including measurement, monitoring, reporting, and 
verification (MMRV);

•	 Agreements on how to regulate cross-border transport, including addressing accidental 
releases;

•	 Agreements on how to certify CO2 reductions of sequestered carbon in another jurisdiction, 
including standards for measurement and criteria for certification; and

•	 Accounting standards for cross-border reductions applying to Nationally Determined 
Contributions.

Policy choices will determine private sector investment in CCS as policies and regulations will 
inform business models, determine risk-reward for investors, and reduce uncertainty. Policy 
and regulatory frameworks should provide structure and terms that are appropriate on a risk-
reward basis to the government and value chain participants across a range of outcomes and 
market conditions. The share of value should reflect the party’s contributions to create economic 
value and achieve decarbonization outcomes, and profit potential should be commensurate 
with the risk the party bears. Laws and regulations should promote a common understanding 
among government and value chain participants, including with respect to: decarbonization 
objectives, funding, risk allocation, operations oversight, regulatory structures, compliance, 
and resolution of disputes. Regular consultation between government and potential and 
existing investors is essential in developing new legislation and regulation.

In addition to government policy and regulations, public consultation during the development 
of CCS is crucial to success. Protecting the environment of the communities where CCS projects 
operate must be a top priority in project design, engineering, construction, and operations. 
Appropriate regulations and standards must be designed to promote safe operations and to 
be protective of the environment and the communities where CCS projects operate.

Policy Principles



Our Members



Established in 2021, the Asia Natural Gas And Energy Association (ANGEA) has an important 
mission: to work with governments and industry to help Asian nations reach their environmental, 
economic, and social objectives, and to help ensure the critical role of gas alongside renewables 
in Asia Pacific’s energy mix.

Our membership comprises large global energy companies covering the 
entire gas supply chain for Asia, from production, to transportation and 
consumption. Those members are at the forefront of global efforts to 
develop low carbon energy solutions that will help drive Asia (and the 
world) towards a net zero future.

ANGEA works constructively with governments, the energy industry 
and financial institutions in Asia Pacific to build effective and integrated 
energy policies, with an aim to support each country’s climate objectives 
while promoting sustainable national and regional economic growth.

About ANGEA 

Meet our CEO

ANGEA’s inaugural CEO Paul Everingham is a highly-
regarded leader, with a strong track record of working 
collaboratively and successfully with a wide range of 
stakeholders, including government, industry and 
local communities. Paul has a passion for advocacy 
that achieves practical outcomes for all stakeholders 
and is skilled in communications, marketing and 
brand awareness.

Prior to joining ANGEA in August 2022, Paul was Chief 
Executive of the Chamber of Minerals and Energy of 
Western Australia, a well-respected and influential 
industry representative body in his native Australia.  

Paul previously worked for an extended period in the 
Australian Federal Government, including roles with 
the Federal Treasury and the Federal Minister for 
Finance.



angeassociation.com

Bringing together global companies 
to deliver affordable, reliable and 
sustainable energy in Asia.


