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chairman's message
“It was my pleasure welcoming you
all to the first International Carbon
Capture, Utilization and Storage (iCCUS)
Conference, held on February 25 to 26,
2020, in Riyadh, under the patronage of
the Minister of Energy of the Kingdom of
Saudi Arabia, and the Minister of Oil of
the Kingdom of Bahrain.

With over a thousand people requesting
attendance, and space for only 600
participants from 25 countries attending,
we had to work hard to deliver the right
content to the right audience, and I thank
you for the discussions that we had
before, during, and since.

iCCUS in

Numbers
Conference
Delegates

Expert
Speakers

Exhibiting
Companies

Participating
Countries

657
24

back to index

70

25

This post-show report highlights the key
discussion points raised, and I believe we
all fully realize the value CCUS brings,
and also the key challenges that need to
be overcome: overall costs need to be
reduced, global storage capacity needs to
be consolidated, and appropriate policy
instruments need to be implemented.
The achievement of these goals will
ensure widespread deployment of CCUS
technology, and meet our global climate
change ambitions.

Let’s be clear, our world continues to
be faced with the dual challenge of
providing access to clean and affordable
energy to billions of people, while
ensuring environmental sustainability
and stewardship. CCUS is part of the
toolkit needed to achieve deep emissions
reduction across the economy. CCUS
deployment has been lagging behind
because of a lack of effective policies,
finance, and value recognition. This
conference contributed to addressing
this deployment challenge by bringing
together select world energy leaders from
governments, industry, and the finance
sector, to discuss options for accelerating
CCUS deployment at a scale consistent
with the goals of the Paris Agreement.
I hope the report continues to act a key
reminder of how far we have come and
how far we have still to go. I thank you all
for your contribution and look forward to
meeting you all again soon.”

Ahmad O. Al Khowaiter
Chairman, iCCUS
CTO, Saudi Aramco
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HRH Prince Abdulaziz bin Salman bin Abdulaziz Al-Saud,
Minister of Energy, Kingdom of Saudi Arabia

"Given that energy is a key input for both
economic and social development, we need
to develop and deploy energy solutions that
effectively address the emissions while also
powering prosperity now and in the future.
Therefore, we must accelerate the adoption
of high impact solutions such as carbon capture,
utilization and storage, CCUS, and do so urgently.
I strongly believe that CCUS can and will serve
as a cornerstone for the global energy and
environmental system of tomorrow."
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HE Shaikh Mohammed bin Khalifa Al-Khalifa
Minister of Oil, Kingdom of Bahrain

"We share the international community's
interest in finding effective solutions to the issue
of carbon emissions, by enabling the Circular
Carbon Economy, CCE, through Carbon Capture,
Utilization, and Storage, CCUS, benefiting
from Article 6 of the Paris Agreement."
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51 large-scale CCS facilities:

"The world faces a dual challenge: meeting growing
energy demand while reducing greenhouse gas emissions
We are leveraging 4IR technology solutions to work on the
4Rs of reduce, reuse, recycle, and remove as part of our
climate and sustainability efforts. High impact technological
solutions, such as CCUS, can address this dual challenge
while contributing to economic development."

19 in operation (17 industrial, 2 power)
4 under construction
28 in various stages of development
Over 260 million tonnes of anthropogenic
CO2 captured and stored to date
Total capture and storage capacity up 34% since 2017

Amin H. Nasser
President and CEO, Saudi Aramco

On February 25 to 26, 2020, 600+
government officials and leading private
sector professionals — working on CCUS
project development and climate change
initiatives — from over 16 countries, came
together for Saudi Arabia’s inaugural
iCCUS Conference at the Four Seasons
Hotel in Riyadh, Saudi Arabia.
Held under the kind patronage of HRH
Prince Abdulaziz bin Salman bin Abdulaziz
Al-Saud, Saudi Arabia’s Minister of
Energy, and H.E. Shaikh Mohammed bin
Khalifa bin Ahmed Al Khalifa, Bahrain’s
Minister of Oil – and supported by Saudi
Aramco, the conference brought together
world leaders to discuss the role of CCUS
in enabling a circular carbon economy.

iCCUS 2020 was officially opened by HRH
Prince Abdulaziz bin Salman bin Abdulaziz
Al-Saud, Minister of Energy, Kingdom of
Saudi Arabia, to an audience of government,
ministers, industry CEOs, and decision
makers.
The iCCUS Conference brought together
world energy leaders, including ministers,
senior executives from major energy and
industry organizations, policy makers,
financiers, and renowned scientists, to discuss
the role of CCUS in enabling a Circular
Carbon Economy. Experts shared ideas on
how public and private cooperation can help
unlock the potential of CCUS technology, to
address deep reductions in carbon dioxide
emissions across the economy.

Large-scale CCS facilities in operation and construction
Large-scale CCS facilities in advanced development
Large-scale CCS facilities completed

Large-scale = >400,000 tonnes of CO2
captured per annum
Pilot and demonstration scale facility in operation and
construction
Pilot and demonstration scale facility in advanced
development
Pilot and demonstration scale facility completed
Test center
Source: Global CCS Institute.
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ministers, ceos & global business leaders shaping the future of ccus
HRH PRINCE ABDULAZIZ BIN SALMAN
BIN ABDULAZIZ AL-SAUD

HE SHAIKH MOHAMMED BIN
KHALIFA AL-KHALIFA

HE ENG. SUHAIL MOHAMED
AL MAZROUEI

Minister of Energy
Kingdom of Saudi Arabia

Minister of Oil
Kingdom of Bahrain

Minister of Energy & Industry
United Arab Emirates

AMIN H. NASSER

CEO
Saudi Aramco

DR SULTAN AHMED AL JABER

LOU HRKMAN

Minister of State United Arab Emirates Deputy Assistant Secretary for
and CEO ADNOC Group
Clean Coal, Carbon Management
US Department of Energy
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and Water Resources
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Secretary General
OPEC

Chief Scientific Adviser
Department for BEIS, UK

President
Zero Carbon Partners

Director of Strategic Planning &
Economic Services OPEC Fund

Chief Technology Officer
Linde

Chief Technology Officer
Haldor Topsoe
Denmark

HE FATIMA AL FOORA AL SHAMSI

AHMAD O. AL KHOWAITER

FAHAD AL-SHEREHY

OVAIS SARMAD

OMAR ABDULHAMID

SUE-ERN TAN

DARIO TRAUM

Assistant Undersecretary
Ministry of Energy
and Industry, UAE

Chief Technology Officer
Saudi Aramco

VP Energy Efficiency and
Carbon Management
SABIC

Deputy Executive Secretary
UNFCCC

Manager Environment Protection
Department
Saudi Aramco

Group Carbon Relations
Royal Dutch Shell

Head of Policy - Europe,
Middle East, Africa
Bloomberg

PIERRE-ETIENNE FRANC

MICHAEL RYAN

BETH HARDY

SEIFI GHASEMI
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ANDREW PURVIS

JEROME SCHMITT CHAIRMAN
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Vice President, Air Liquide and
Hydrogen Council Secretary

Vice President
CCUS, OGCI-CI

Vice President, Strategy &
Stakeholder Affairs International
CCS Knowledge Center

Chief Executive Officer
Air Products

Vice President Carbon
Management
BP

Director, Safety, Health and
Environment
World Steel Association

Executive Committee
OGCI

3D Project Manager
IFPen, France

Chief Technologist,
Carbon Management
Saudi Aramco

Advisor Business Development
Carbon Engineering, UK

KHADIJA AL DAGHAR

WILLIAM MCDONOUGH

SAMIR J. SERHAN

OLIVIER LE PEUCH

BRAD PAGE

JULIO FRIEDMANN

KEITH BURNARD

TAKEO TANEI

ESPEN MEHLUM

CARLOS DUARTE

Vice President Research and
Technology
ADNOC

CEO
McDonough Innovation

Executive Vice President
Air Products

CEO
Schlumberger

CEO
Global CCS Institute

Senior Research Scholar
Center for Global Energy Policy,
Columbia University

Senior Technology Analyst
IEAGHGT

Deputy General Manager
JX Nippon Oil and Gas Exploration
Corporation

Head of Knowledge
Management and
Integration WEF

Professor
KAUST

LASZLO VARRO

PRATIMA RANGARAJAN

TAKASHI OMOTE

JOHN LOUGHHEAD

KAMEL BENNACEUR

HUSSAIN MAKKI

JUHO LIPPONEN

ASHRAF TAHINI

ELI MITCHELL-LARSON

PETER TERIUM

Chief Economist
IEA

CEO
Oil and Gas Climate Investment

Deputy Commissioner for
International Affairs of ANRE
METI, Japan

Chief Scientific Adviser
Department for BEIS
UK

CEO
Nomadia Energy Consulting

Advisor
NOGA

Co-Ordinator
Clean Energy Ministerial CCUS
Initiative

Manager
EXPEC ARC,
Saudi Aramco

Environmental Change
Institute
University of Oxford

Head of Energy Sector
NEOM

ADAM SIEMINSKI

TIDJANI NIASS

JENNIFER STEWART

LEILA BENALI

CINDY YEILDING

PETE TRELENBER

BASHIR M. DABBOUSI

KJETIL WILHELMSEN

NATALIA KULICHENKO-LOTZ

JOHN DEFTERIOS

President, King Abdullah
Petroleum Studies and
Research Center

CCUS Lead Technology Strategy
& Planning
Saudi Aramco

Director of Methane
Management
Gaffney Cline & Associates

Chief Economist, Energy
Economics Strategy &
Sustainability, APICORP

Co-Chair, USNPC CCUS Study,
Senior, VP
BP America

Manager, Environmental Policy
and Planning
ExxonMobil

Director Technology
Strategy & Planning
Saudi Aramco

New Business
Development Director
Northern Lights CCS

Lead Energy Specialist
World Bank Group

Business and Emerging Markets
Editor and Host, CNN’s Global
Energy Challenge, CNN

VOLKER SICK

JARAD DANIELS

STIG SVENNINGSEN

ANDREI MARCU

KHALID ABULEIF

DAN MURPHY

JEFF ERIKSON

ANDY LANE

WOLFGANG HEIDUG

Director
Global CO2 Initiative

Director, Office of Strategic
Planning
US-DOE

Deputy Director General
Ministry of Petroleum
and Energy, Norway

Exec Director of the European
Roundtable on Climate Change
and Sustainable Transition, Brussel

Chief Negotiator for
Climate Agreements
Ministry of Petroleum, KSA

CNBC
Correspondent

General Manager
GCCSI

Head of Business Development,
Gas Value Chains
BP Exploration

Senior Research Fellow
KAPSARC
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conference
The first day of the conference
highlighted the important role of Carbon
Capture Utilization and Storage (CCUS) in
climate and energy strategies, discussing
International and regional perspectives,
and providing the views of thought
leaders on the climate. Moreover, the
speakers and delegates discussed the
role CCUS can play in the Circular Carbon
Economy (CCE) and the importance of
CCUS to enable the hydrogen economy.

Keynote: HRH Prince
Abdulaziz bin Salman
bin Abdulaziz Al-Saud
Energy is needed for societal and
economic development; population
growth and higher living standards will
increase energy demand and put more
pressure on the climate. The industry will
be facing the dual challenge of securing
an affordable and equitable energy supply
while addressing climate concerns. There
is a need to accelerate research and find
timely high impact solutions.
While noncarbon options exist in
certain industries, many sectors would
be relying on fossil fuels and would
require decarbonization. CCUS would
be instrumental in supporting such
industries reaching the climate targets:
IPCC recognizes that CCUS is crucial and
needed to combat climate change.
CCUS is an integral part of the Circular
Carbon Economy as it is front and
center in two of the 4Rs: The 4Rs (reuse,
recycle, remove, and reduce) need to be
incorporated into the economy. It is a
concept that requires global engagement
and collaboration, considering its
significant scale and tight time frame to
reach the climate targets. The Kingdom
of Saudi Arabia is now embracing the
CCE concept and developing a national
roadmap.

back to index

Collaborations would be key to remove
investment barriers, drive costs down,
build infrastructure and identify
commercial models. The Kingdom is
open for collaboration and knowledge
sharing to tackle CCUS and the climate
challenge. CCUS is a cornerstone for
an environmental global system, and is
already making a positive impact. CCUS is
worth doing.

CCUS in Climate and
Energy Strategies
There is a need to find technical solutions
for hard to abate sectors in an emission
constrained world. While energy
efficiency and renewable energy are
crucial, and will play a significant role in
reducing CO2 emissions, this approach
alone cannot meet the ambitious targets
set out the Paris Agreement. CCUS will
be crucial set out reducing emissions in
hard to decarbonize sectors, including:
cement, iron and steel, chemicals and
many others.
While CCUS is important, alone it cannot
tackle the whole challenge. CCUS's
potential increases significantly when
embedded in a CCE that brings into the
energy system renewables and hydrogen.
CCUS is not on track for delivering its
climate goals, and there is a need to
figure out how to scale it up. Globally,
around 50 CCUS projects (some in the
GCC) are ongoing, with 19 in operation,
and the remaining projects at various
stages of development. Governments
and industry need to mobilize the
banking sector in support of widespread
deployment of CCUS, and put it at the
heart of the decarbonization effort.
The lack of public acceptance is part of
the slow adoption of CCUS, so there is
the need of a global effort to engage

“CCUS is an important technology in the toolkit, like many
other initiatives that are out there. In the United Nations, we
believe that all technologies, and all actions, are needed to
address the impacts of climate change going forward,
because the challenge is huge.”
Ovais Sarmad, Deputy Executive Secretary, United Nations Climate Change Secretariat
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and educate all stakeholders about the
necessity and urgency of CCUS, so proper
policies can be put in place to facilitate
its development and deployment.
Article 6 of the Paris Agreement needs
to be finalized and actioned, to foster
intergovernmental collaborations enabling
CCUS deployment.

International and
Regional Perspectives
CCUS is essential in achieving net zero
emissions for countries like the U.K. While
ingenuity and necessity might provide
out of the box solutions, technology and
innovation will still be key to reducing
emissions and tackling the climate
change challenge for countries like the
U.S. and Japan. The emphasis should be
on the whole supply value chain from
CO2 capture to recycling/reuse,
and storage.
In addition to technology, regulations
and taxation will play a significant role in

adopting CCUS. There is a need to scale
up CCUS with the right business model.
The right tax mechanism can support
further the development of CCUS as is
the case of the 45Q tax credit in the U.S.
The objective is to create business models
to incentivize the private sector to utilize
CCUS technology.
CCUS cannot be adopted alone and
should be part of the solutions available.
IEA sees CCUS as still playing a role in the
power sector in countries like China, to
decarbonize coal power plants (about 600
power plants in Asia — worth $2 billion
— are expected to operate for decades
to come).
Considering the significant amount of
CO2 in play in the CCUS industry, storage
would be the main CO2 outlet. Largescale utilization of CO2 for concretes and
aggregates, fuels, chemicals, or enhanced
oil recovery would help in creating the
right market conditions and accelerate
CCUS adoption and deployment.

“Something special did happen over the last two days.
I think there was a sense of the change that was occurring,
a real difference in the mood around this technology
and its potential.”
Ahmad O. Al-Khowaiter, Chief Technology Officer, Saudi Aramco

Different countries have different
resources, so collaborations to secure
energy supply and address the climate
challenge become more prominent:
fossil fuels with CCUS would tackle these
challenges simultaneously.

Keynote: HE Shaikh
Mohammed bin
Khalifa Al Khalifa
Hydrocarbons are playing an important
role in human development; they are the
most scalable sources and would be part
of the future energy mix. Nevertheless,
hydrocarbons should be utilized with
clean solutions to address the climate
challenge: CCE and CCUS would be
the way to go, securing affordable and
cleaner usage of hydrocarbons.
Taxes, bans, and aggressive approaches
to reduce hydrocarbon demand is not the
way to go, as it is regressive in nature,
and could be costly for many economies.
Collaboration and market mechanisms are
necessary to secure a clean future. Article
6 of the Paris Agreement is important
and carbon needs a commercial value.
Global collaboration is needed, and
developed countries should be supporting
developing nations to reach global climate
targets.

Thought Leaders’ Views
on the Climate
The oil and gas industry is reducing its
emissions by adopting energy efficiency,
flare minimization measures, deploying
renewables, pilot demonstrating CCUS
and adopting nature-based solutions that
are believed to be part of the solution to
climate change.
iCCUS 2020 Official Inauguration
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The oil and gas industry have the good
expertise and knowledge — in reservoir
management and below surface
science — needed for CO2 EOR or CO2
storage applications. CCUS is embracing
artificial intelligence in the 4th Industrial
Revolution, paving the way for cost
reduction and new business models.

a major role in lifting people out
of poverty, and therefore, are
playing a significant role in societal
development. Quality of life is
correlated to energy use: carbon
is powering the economy, and
hydrocarbons still have a lot
to offer.

Many businesses, including oil and gas
companies, have ambitions not to exceed
the limit set in international agreements,
and have pledges to reach net-zero by
2050. Oil and gas companies can provide
affordable and reliable energy, while
meeting climate obligations. Technology
would certainly create and find solutions,
but the help of regulators is needed to
support the hydrocarbon industry (i.e.,
regulation supporting renewables and
battery electric vehicles).

The CCE is a holistic approach; all
sides of the energy system can come
together under one framework. It
has to have a business case with
opportunities to remove commercial
barriers. It must engage all aspects
of the supply value chain. Carbon as
a material, and as an energy vector,
is an integral part of the CCE, and is
supported heavily with CCUS.

We have created a world that is so global
and interconnected that solutions for
climate change should be the same:
global and interconnected. Finding
inclusive solutions and multilateral
frameworks are essential in reducing
greenhouse gas emissions, as everyone
should be doing their part to reach our
climate goals.
There is a gap between the skepticism
and what individual companies are doing
to tackle the climate challenge, and
awareness is the key. The United Nations
Framework Convention on Climate
Change is working on bridging this gap,
and ensure the world is handed over in
good shape to future generations.

CCUS and CCE
Carbon is an energy vector and a material
vector in the CCE. Hydrocarbons played

Climate challenges are here:
Biological (nature-based solutions)
and technical systems are required
to address them. Technological
solutions have to be funded at a
small-scale until they become selfsufficient at a larger scale. Investing
capital would then be needed to
seed and start the deployment of
CCUS at a larger scale.
CCUS is needed to solve the climate
challenge with about 3 gigatons
of CO2/year removal over the
next two to three decades. It is a
global need beyond the oil and
gas industry. Therefore, there is a
necessity for all governments to
include CCUS in their nationally
determined contributions for COP26:
Governments have to commit to
emissions reduction incentives
and policies.
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“The Oil and Gas Climate Initiative has five
CCUS hubs on the map today, and we are working
on many more with governments, in order to bring
an industry with 20 million tons of CO2 removed
annually where it is today, to the required
3 billion tons, where it should be by 2040.”
Jerome Schmitt, Chairman, Executive Committee, Oil and Gas Climate Initiative (OGCI)

Beyond the government’s commitment
to CCUS, key requirements for its
deployment include:
• A proper regulatory framework to
incentivize this industry.
• Putting a value for carbon across the
value chain.
• Collaborating globally, considering the
scale of the problem and solutions.
• Building trust and confidence by working
together, and changing the narrative to
tackle emissions and not energy sources.
This approach is the key to address the
climate challenge effectively, and promote
CCUS and CCE. CCUS is not seen as
trustworthy while CCE is — thus the
narrative needs to be revised.

Hydrogen and CCUS
Hydrogen is a promising energy carrier
that can help decarbonize many
industries. There is no need to engage
in a competition between gray, blue, or
green hydrogen, but rather focus on the
molecule, and create the market and
incentives for the hydrogen economy to
take off.
There are several pathways commercially
available today to produce hydrogen. Low
carbon hydrogen production from fossil
fuels is essential in fostering the hydrogen
economy. Technological solutions exist
today, and have been demonstrated at
scale, nevertheless, the challenge is the
deployment on a larger scale, considering
current finance mechanisms and policy

back to index

schemes: 70% of policies are in 18
countries only; that is not enough.
There is a need to tackle projects
more seriously and at a scale to
foster the hydrogen economy. To
stimulate investments in hydrogen,
improvements in CAPEX and OPEX
(innovation) along sustainable business
models are required.
A sustainable business case requires
current scale and stimulation from
policies; a value for carbon might
help the hydrogen economy take off.
It is difficult to drive transformation
without a good business case; there
might be a need to connect various
sectors together (mobility, industry,
and residential) to create synergies and
a sustainable and economical business
case. Clustering hydrogen in industrial
sectors, and growing infrastructure
could be a possible solution.
In addition to public-private
partnerships, countries on the supply
and demand sides need to collaborate
together to create a sustainable
market, and demand. While more
technology advancement can come
later, building the infrastructure and
creating the demand should
start today.
While hydrogen demand in the
short-term is driven by low carbon
footprint technologies, hydrogen
demand is foreseen to be carbon free
in the future and can be combined
with CO2 to create synthetic chemicals
and fuels.

“Cost and lack of infrastructure are the main
obstacles, but these will become non-factors as
CCUS technology becomes integrated in our world.”
Professor John Loughhead, Chief Scientific Advisor, UK Department for Business
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Opening Ceremony Keynote Speakers
Photos from the Evening Reception hosted by
HRH Prince ABDULAZIZ BIN SALMAN BIN ABDULAZIZ AL-SAUD, at Janadriyah Village, Riyadh

AHMAD AL-KHOWAITER
Chief Technology Officer Saudi Aramco
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H.E. Mohammad Sanusi Barkindo
Secretary General, OPEC
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His Excellency opened by reiterating
OPEC’s dedication to solving climate
change, as demonstrated in the
coauthorization of the Kyoto, Paris, and
UNSDG agreements. The oil and gas
industry can and must be part of the
solution. With the world’s population
projected to reach 10 billion by 2040,
lack of access to energy for 0.8 billion,
and no access to the internet for half of
the world’s population, all types of energy
are needed. He termed energy poverty
and climate change as sides of the same
coin, highlighting that no one should be
left behind.
His Excellency presented KSA as an
example for reforming its energy
ecosystem. CCUS, he emphasized, plays
a pivotal role to displace CO2 from fossil
fuels. Through innovation, CCUS is a costeffective solution that can be retrofitted
to current infrastructure. He shared global
examples of CCUS applications, such
as ‘Uthmaniyah in KSA, Al Reyadah in
the UAE, Salah gas field in Algeria, and
CO2 storage in saline aquifers in Angola.
He also shared examples of industrial
enterprises committing to neutrality
by 2050, such as Microsoft and BP,
demonstrating that addressing climate
challenges can be a business opportunity.
His Excellency was cognizant of the
hurdles for mass CCUS deployments,
such as financing and private sector
engagement. The OGCI Climate
Investment and the Green Climate
Fund are examples where financial
solutions and funding can be available to
materialize CCUS.

CCUS Emerging
Business Models
Today, the 19 large-scale CCS facilities in
operation have a capture/storage capacity

back to index

Saudi Aramco stand
exhibiting mobile carbon capture

conference
Keynote: HE Mohammad
Sanusi Barkindo

report

of ~40 million tons of CO2 per annum.
These CCS facilities are largely located in
the United States and span six different
applications areas:
• Natural gas processing (10)
• Hydrogen production (3)
• Power generation (2)
• Fertilizer production (2)
• chemical production (1)
• Iron and steel production (1)
In recent years, we have made progress,
but to meet climate mitigation targets,
an estimated 2,000+ large-scale CCS
facilities will need to be deployed by
2040. This will require hundreds of billions
of dollars in investments.
Regulatory, policy, and business model
considerations are required to accelerate
CCS deployments.
• Regulatory uncertainties need to be made
clear at the country, state, and local levels,
to kickstart CCS projects. Local delivery
and storage of CO2 has been an area with
high uncertainty with regards to
ownership of any potential long-term
environmental liability. In addition, crossborder delivery of CO2 for geological
storage in partner countries have barriers
that need to be addressed at the country
level. Collaborating with governments
early is required to ensure an
understanding of key legislation that may
impact deployment of CCS projects.
• Some countries have created a policy
agenda to support R&D and provide
incentives to initiate new CCS projects.
For example, the United States, through
its low carbon fuel standard in California,
and its 45Q federal tax credit for CO2
sequestration and/or reuse, has stimulated
interests from both industry and investors
for select CCS projects. The scalability of
CCS projects in the U.S. continues to be a
challenge, in part due to a perceived

imbalance in risk/return for the projects.
Enhancements to the 45Q incentive,
which currently has a 12-year time horizon
and $35-$50 per ton for CO2 credit, may
stimulate additional interest in CCS
projects within the U.S. With scalability
being a global issue, policy makers and
project proponents agree that practical,
well-defined legislation, and a strong
global regulatory framework are
necessary for CCS to reach its potential.
• Recent successes in Europe are linked to
business models that leverage hub and
cluster infrastructures. These facilities take
advantage of the fact that many emissionintensive facilities (both power and
industrial) tend to be in a concentrated
area. Hubs and clusters significantly
reduce the unit cost of
CO2 storage through economies of scale,
and offer commercial synergies that
reduce investment risk. Employing the
right business model is vital to mass
deployment of CCS technology;
unfortunately, there is no “One Size
that Fits All” business model that
has emerged.

Key characteristics of
hubs and clusters:
• Multiple industrial point sources of CO2
connected to a CO2 transport and storage
network.
• Access to large geological storage
resources with the capacity to store CO2
from industrial sources for decades.
• Economies of scale deliver lower unit
costs for CO2 storage.
• Synergies between multiple CO2 sources
and the storage operator reduce crosschain risks and support commercial
viability.

Other key business model
success factors include:
Engage stakeholders early and secure
buy-in:
Local and state government 		
(incentives and subsidies)
Technology partners across the
value chain (research and operators)

Financial and risk sharing partners
(investment and industry 		
government)
NGOs and other community
organizations
• Design an economic model with
attractive returns, inclusive of publicprivate investment, subsidies, tax
incentives, and liabilities. Leverage
benefits of a stack policy approach
(e.g., coupling 45Q with other
incentives) and secure multiple revenue
streams to lower investment risks.
• Design risk sharing approach between
government and industry, to address
cross-party risk in value chain and
assumption of liability on the balance
sheet.
• Proven leadership in executing
complex, multi-stakeholder CCS
projects across the vertical. Industrials
lack experience with CCS projects, and
need to leverage others to get
comfortable with key aspects of the
project:
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“It is time for concrete action around CCUS. There are
technologies available. They will get better. There are dollars
to be invested, there is no shortage of money; there is only
a shortage of policy.”

Transport and offtake agreement 		
(access to right of ways for pipeline).
Storage and delivery (regulations and 		
securing long-term contract).
Liability and credit ownership.
Total project benefits/economics.
Additional opportunities to accelerate CCS
deployment may occur with the inclusion
of revenue streams from CO2 utilization in
business models that emerge in the future.

Financing CCUS
Emerging and industrial economies have
different needs, and require different
structures or development mechanisms.
The value proposition for CCS in an emerging
economy may be strong; however, energy
security is a higher priority and consumes
large sums of investment capital. For industrial
economies, there is no lack of funding
for CCS projects. But there is a lack
of attractive business models to stimulate
capital deployment.
To date, early-stage investors (e.g.,
development banks, sustainable venture
funds) have been willing to provide gap
financing for CCS projects. The funding from
these sources will not be sufficient to scale or
mass deploy CCS projects. Scaling will require
financiers with the ability to deploy large sums
of risk capital.
Engaging larger pools of risk capital will
require support from stronger policy
structures to help mitigate financial,
infrastructure, and technology risks.
Momentum behind Environmental
Sustainability Goals investing may create
an opportunity to form a consortium of
influential investors willing to advocate for
additional CCS policy support.
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Regulatory and policy discussion items to
support CCS deployment:
• In general, there are financial/commercial
and de-risking policy requirements for
CCS.

Pratima Rangarajan, CEO, OGCI Climate Investments

Implementation of the capture 			
technology.

solution is implemented, especially for the
highest emitting CO2 sectors. CCS is the
de-carbonization solution to industries
that do not currently have a green energy
substitute for the reliability and security
that fossil fuels provide.

Policy agenda items that are important to
the investor community include:
• Technology risks
• National champion support (guarantees)
• Price stabilization mechanism (carbon
pricing)
• Natural monopoly structural issues
(pipelines)
• Leverage business models familiar to
investors
• Political risk (e.g., change in government
leadership)
Engaging large financiers is extremely
important to achieving the climate
target; however, it is also important
to continue deploying CCS to further
develop investment mechanisms, and
build confidence in the viability of CO2
sequestration and utilization for large
scale solutions.

CCUS Regulatory and
Policy Frameworks
Although regulations and policies differ
from country to country, common
objectives should be established to
address the global climate challenge:
(1) promote CO2 reduction technologies
for all emitting sources, (2) promote
technology scale up, and (3) reduce
project risks.
Today, many countries prioritize
renewable energy (wind and solar)
generation over fossil fuel-based
generation. But renewable supply sources
are not a replacement solution for high
emitting sectors, such as dispatchable
power generation and heavy industrials.
With energy demand anticipated to
increase over the next 20 years, it is
important that a viable de-carbonization

• Develop a common language, narrative,
and solicit advocates to make CCS
relatable and easy to understand for all
stakeholders, including community
organizations.
Current narrative, “if you 		
encourage renewables, you 		
encourage the future. If you 		
encourage CCUS, you encourage
the past.”
• Develop interlocking regulations
(domestic and international) that promote
CCS as a retrofit option for existing

operations and promote renewables
for new deployments.
• Promote basic R&D and initial
deployment of new technologies (e.g.,
CCS) that provide large-scale solutions
in the highest emitting sectors.
• Promote infrastructure development to
enable access to storage.
• Promote lower GHG projects over
higher GHG projects. For example,
dispatchable generation with CCUS as
opposed to dispatchable generation
without CCUS.
• Design procurement requirements to
include annual minimums for low
carbon content (e.g., electricity,
cement).
• Include renewables and CCS in
Article 6 of the Paris Agreement.
• Other policy frameworks to
benchmark:
• Regulatory or policy requirement
(learnings from Norway)

report

• Carbon tax (learnings Norway)
• Tax credit for emissions capture
(learnings 45Q)
• Partial government ownership
and grants (learnings from Brazil,
Canada, U.S.)

Strengthening PublicPrivate Cooperation
Public-Private Partnerships (PPP) can
play a pivotal role in advancing the
CCUS agenda. There are significant
opportunities to establish new
partnerships and build coalitions across
the value chain. The way PPPs can help
advance the CCUS agenda include:
• Joint R&D programs
• Policy support
• Risk sharing, shared financial burden
• Technology road mapping
• Societal acceptance
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“A critical mass of stakeholders is coming together to
solve the CCUS problem. I am more optimistic than I have
ever been about climate change solutions and the
contribution of CCUS in particular.”
Laszlo Varro, Chief Economist, International Energy Agency

For technology areas that require
R&D (e.g., marine storage), early
stage funding support would be
extremely beneficial to advance the
CCUS agenda. Funding models should
consider risk sharing for fundamental
research through the deployment of
commercial applications. For example:
• Fundamental R&D — 100%
government funded
• Applied R&D — 80% government,
20% private
• Commercial applications — 50%
government, 50% private
Societal acceptance is largely an
educational exercise and PPPs can
also play a significant role in this
process. Based on information from
local government, PPPs can execute
educational campaigns supported
by experts from universities, national
labs, industry, government to bring
people along and prevent a “not in
my backyard mentality” that will delay
or prevent CCUS deployment. Proven
societal outreach and educational
models should be identified, and
if possible, leveraged locally and
regionally. Ultimately, large-scale
CCUS deployment hinges on coalition
building, and NGOs advocating for the
technology to be deployed.
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Reinforcing
Intergovernmental
Collaborations
The climate challenge is daunting. It
was highlighted that over the next 50
years, there is a need to inject into the
ground the quantity of CO2 that has
been removed over the last 100 years.
The circumstances, capabilities,
and endowments of each nation is
different; and progress starts with
understanding. Therefore, each nation
should evaluate their circumstance,
and based on their situation, find the
ideal partner country to help meet
their objectives.
Clear objectives at the national level
need to be communicated. Each
nation, including Saudi Arabia, needs
to answer the question, “Where do
we want to be in the next 3-5 years?”
And then we should focus on getting
agreement on Article 6, hopefully,
this year.
One other thing, There is a need to
engage with the consumer side. It will
be very difficult to meet our climate
targets without participation from the
consumer side.

report
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In a unique global gathering
encompassing different industries, policy
makers, financing sectors, The 2020
International Carbon Capture Utilization
and Storage (iCCUS) discussed CCUS
technologies in the context of the circular
carbon economy (CCE), to address the
climate challenge and create new business
opportunities. The sessions deliberated
the value of CCUS in the low carbon
economy, the need for CCUS in energy
intensive industries, CO2 reuse and recycle,
lessons learned from large scale CCUS
demonstrations, and next generation CO2
capture directly from the air.

Keynote: HE Mohammad Sanusi
Barkindo

All sessions agreed to the essential role
CCUS technologies play in meeting the
dual challenge of satisfying growing
energy demand and climate stewardship.
The main enablers that were discussed

Keynote: HE Mohammad
Sanusi Barkindo

by the panel are changing the narrative
of carbon, technology selection and
development, regulation, and public
engagement and business
model development.

CCUS Value for the Low
Carbon Economy
Respective Panel members from the U.S.,
the U.K., and KSA described how their
respective industries view CCUS as an
essential suite of technologies to reducing
emissions. They reiterated the message
that no single solution can address the
climate challenge and emphasized that
adoption of CCUS technologies is crucial
to meeting this goal. CCUS technologies
constitute three parts (reuse, recycle, and
remove) of the 4Rs (in addition to reduce)

"It is our firm belief that a well-coordinated and balanced
approach with the participation of global stakeholders across
the value chain will be essential to effectively addressing the
complex issue of climate change, while also meeting the unique
energy requirements of those in developing nations. It was truly
encouraging to hear leading energy ministers, CEOs of major
companies and bankers prioritizing CCUS."
Tidjani Niass,
CCUS Lead, Saudi Aramco

— the pillars of CCE. Practically, there’s no
means to address scope 1, 2, and 3 emissions,
without the adoption of CCUS technologies.
Beyond achieving climate goals, CCUS can
be used to satisfy growing customer demand
for carbon neutral products and services.
Additionally, CCUS can present opportunities
for market and job creation. This should be
highlighted to investors, who are holding funds
in the fossil-based industry. The panel shared
goals for CO2 reduction, as well as previous
CCUS experience that can be scaled up to
meet future needs. The panel highlighted that
the CCUS configuration and market enablers
differ and should account for geographical
challenges (e.g., water scarcity, energy mix, sink
availability, market, and finance options).
Although having come a long way, lack of
understanding of CCUS is still a problem
influencing and limiting funding of the
technologies. Currently, specific industries
(such as fossil-based) are perceived as the
problem. Such industries, enabled by more
inclusive policies, should use large-scale
CCUS deployments and social engagement,
to demonstrate the opportunities offered by
CCUS for and beyond meeting climate targets.
Many industries are on the verge of licenseto-operate mandates and CCUS can offer the
mechanism to satisfy such requirements.
The oil and gas industry has demonstrated
its ability to turn challenge into opportunity
before. It enabled the power and chemical
sectors around the associated gases flaring
challenge. The question now is, “Can this
industry do the same, turning CO2 emissions
into a feedstock at scale?”
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The need for a new “language.” A
language that refrains from pointing
to carbon as the problem; rather (as
history proves) a vehicle for growth and
prosperity. Carbon in the wrong place
(fugitive carbon) is what is causing the
problem. Singling-out specific industries
(such as the fossil industry) as the cause
of the problem should be refrained
from, as those same industries can offer
the solution, if enabled through policy
and funding. In the H2-based economy,
CO2-free H2 should be the vehicle rather
than color specific only (green, blue, or
gray). Policy makers and financiers should
be color blind (technology agnostic) as
long as the main objective of CO2-free
products and services is realized.

CCUS in Energy
Intensive Industries
Panel members from the chemicals,
steel, industrial gases, and energy
industries discussed the importance of
CCUS to achieve climate targets, satisfy
growing customer demand, and enable
the CCE framework.
Policy development was identified as one
of the first enablers for transitioning CCUS
to wider market adoption. Along with
policy, partnership can help encourage/
incentivize the first movers. The panel
agreed to the current lack of public
education on CCUS and how they enable
the CCE framework. They identified early
engagement as an area of improvement,
emphasizing the need to highlight the
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“CCUS is an essential requirement to get us to
where we need to go.”
Julio Friedmann, Senior Research Scholar, Columbia/SIPA Center on Global Energy Policy

indirect benefits of CCUS, including
market and job creation.
To address the scale challenge of CO2
emissions, secured geological sinks
are essential. On the business side,
establishing equity across geographies
was identified by the panel to mitigate the
risk of business leaks across geographies.
CCUS should essentially be treated as a
business opportunity and not as a liability.
Transforming CCUS to a profit generator
would convince and bring along the
market.
Coming from different industries, the
panel debated whether CCUS is to be
demonstrated or rolled out at scale. At
the center of this discussion is technology
readiness; whether technology is
available or still to be developed. The

panel agreed that CCUS technologies
are commercially available and that
large-scale deployments will reduce
their cost. This has to be enabled by
policy to avoid disadvantaging the first
movers. R&D is still needed to bring in
both (to be demonstrated) disruptive
innovations and as well as deployable
incremental improvements.

Hub ١

Net Zero Teesside in UK, potential of ٦ million
tons per year by ٢٠٣٠. Potential emitters include
gas-power, petrochemicals, hydrogen, fertilizers,
biomass-power, and CO٢ import.

Hub ٣

Hub ٢

Northen Lights in Norway, potential of ٥ million tons
per year by ٢٠٣٠. Potential emitters include cement,
waste incineration, hydrogen, biomass, steel,
refineries across Europe.

Rotterdam, Netherlands, potential of ١٠ million tons
per year by ٢٠٣٠. Potential emitters include
refineries, hydrogen production, and possibly CO٢
import from northern Europe.

Hub ٤
Xinjiang in China, potential of ٣ million tons
per year by ٢٠٣٠. Potential emitters include
refineries, chemicals, and power.

Hub ٥

Gulf of Mexico in the US, potential of ٢٠٠
million tons per year across ٣-٢ defined
hubs in Texas and Lousiana. Potential
emitters include power plants, refineries,
chemicals, fertilizers, and hydrogen.

Keynote: Ahmad O.
Al-Khowaiter
It was highlighted how hydrocarbons
enabled the humanity transformation,
raising quality of life and lifting more
than 1 billion people out of poverty.
Hydrocarbons continue to be essential
to meeting energy needs in an
affordable manner.

Source: OGCI (https://oilandgasclimateinitiative.com)

He emphasized that the old linear
economy approach, which assumes
infinite resources and sinks, is not
sustainable. A circular economy
approach (one that mimics nature),
is more sustainable, and offers many
opportunities in greenhouse gas
reduction and market and job creation.
The whole suite of CCUS technologies,
nature-based solutions, large-scale
deployments, and renewables have
to be implemented to enable the CCE
framework. He closed by highlighting
the importance of policy to provide a
level playing field for all solutions.

CO2 Reuse and Recycling
Panel members from the UAE, Bahrain,
the U.S., and KSA discussed the role
of CO2 utilization and conversion
in the context of CCE. They agreed
that of the 4Rs, reduce progressed
the most in all sectors, while reuse,
recycle, and remove lagged behind.
This is particularly applicable to hard
to decarbonize sectors, such as metal,
refining, cement, and transport. To
turn CO2 to a commodity, the panel
discussed a number of enablers,
including governmental policies,
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market development, awareness, and
acceleration of the R&D cycle from lab
to plants.
The framework that allows the 4Rs
to synergistically work together
and balance carbon emissions is
CCE, which mimics nature’s circular
approach. Human activities that
destroy and suppress natural cycles
and sinks (deforestation, reef
destruction, etc.) should be eliminated.
The initiatives that reinstate and enable
nature-based solutions (such as
1 trillion tree and mangrove plantation
initiatives) should be part of the
solution.
Currently, technologies that use CO2
as a feedstock to produce valuable
products exist at a small-scale, to serve
existing markets. More importantly,
R&D needs to be accelerated to
produce novel products from CO2.
New markets need to be created to
enable CO2 utilization at a larger scale.
Deployment of CCUS technologies
at scale demonstrate their feasibility
and reduce their cost. This also puts
markets at ease and attracts funding,
showing CCUS as a viable business.

Examples include IBM’s commitment
to remove CO2 emissions equivalent to
company operations since inception.
The Red Sea Project, West Coast, Saudi
Arabia pledge to remove CO2 emissions
equivalent to travel contribution from
tourists, and NEOM’s commitment to
removing CO2 emissions associated
with the construction of the region.
Considering the viability of creating
value from CO2 Reuse and Recycle,
the panel argued that solely going
after the CO2 Removal (e.g., through
geological sequestration) component is
a sign of market failure.

Lessons from Large-Scale
Demonstration Projects
The challenge is needing large scale
deployment of CCUS technologies
to remove and utilize 1 gigaton of
CO2 per year, while we are currently
removing no more than 40 million tons
of CO2 per year. Panelists represented
different industries that deployed CO2
capture for enhanced oil recovery
(EOR) applications, and shared the
lessons learned from turning CO2
emissions into an opportunity.
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Considering the complexity of CCUS,
where different entities are needed to
capture, transport, and convert, or store
CO2, partnership was identified by the
panelists as a key to success. Al Reyadah
EOR is an excellent example bringing
stakeholders from different industries
(capturing 0.8 million tons of CO2/year
from a steel plant for EOR applications
in the UAE) with plans to expand the
capacity by six times. This expansion
was enabled by the adoption of a CO2
hub in the business model, to reduce
risks and costs of CCUS deployments.
Considering the uniqueness of each
application, adoption of a proper
business model/proposition is essential
to economic deployments. Seeking
and securing government support for
CCUS applications was also emphasized
to enable large-scale deployments.
This was key in the case of the Petra
Nova project (capturing 1.2 million
tons of CO2/year for EOR in the U.S.),
where government incentives helped
realize the project. To ensure success,
proper selection of technologies is
essential to continue de-risking CCUS
applications. In the case of the Boundary
Dam (coal power capture and EOR of
1 million tons of CO2/year in Canada),
the panelist highlighted that proper
selection and design of the CO2 capture
component resulted in a reduction
of 67% in cost. Rigorous monitoring
is crucial to assure the regulator and
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public of the effectiveness of CCUS
in achieving permanent sequestration
targets. Knowledge generated and
shared from CCUS deployments is also
a major contribution of first movers to
the scientific and industrial community,
ensuring success of projects to come. This
particularly applies to the ‘Uthmaniyah
EOR demonstration (0.8 million tons of
CO2/year in Saudi Arabia), where next
generation monitoring and surveillance
technologies were applied to understand
the full potential of EOR.

Carbon Removal from the Air
With a future goal of net zero emissions,
the session focused on one of the
negative emissions technologies, direct
air capture (DAC) of CO2. The adoption of
a CCE framework, in particular, enables
future technologies such as DAC. There
was a debate between panelists of the
utilization of DAC in either synthetic fuels
or storage. The panel urged technology
developers to drive down the cost of
CO2 capture through DAC — to less than
$100/ton CO2 — to offer economical
solutions.
The panel agreed that the immediate
action for point sources of CCUS
technologies is scale up and deployment.
Panel representatives from both industry
and academia emphasize the need to
pursue DAC CCUS technologies to reach
net neutrality.
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