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The cement industry accounts for about 7% of global greenhouse gas (GHG) emissions,
making it one of the largest industrial emitters in the world'. With demand for cement
continuing to grow, the sector must increase efforts to decarbonise to get on track for
net-zero emissions by 20502.

Carbon capture and storage (CCS) will be critical to this effort; however, its value chain
is complex. In particular, transporting captured carbon dioxide (CO,) from asset to
final storage (or utilisation) site poses a unique set of challenges for cement producers
—yet the challenges of transport are discussed less often, compared to the attention
given to CO, capture and storage.

Here, we at Decarb Connect seek to redress this balance by drawing on a survey of 43
cement industry professionals and interviews with selected industry experts to examine
and offer preliminary insights into the status of transporting CO, within the cement
industry. Specifically, this report will examine:

How ready cement producers are to transport CO,;

Challenges to designing and implementing a CO, transport project; and
What steps cement producers can take to better understand and action CO,
transport strategies.

CO; transportis the critical link between CO, captured at a cement plant and the final
storage or utilisation site; however, few people are talking about CO; transportation.
Instead, the conversation tends to focus on carbon capture and storage.

Few people are focusing enough on CO,transportation.
Instead, we hear more about their focus on opportunities and
business models around the capture or storage elements.”

Alex Cameron, Founder & CEO, Decarb Connect &
Decarbonisation Leaders Network
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Transport of
CO,

A critical link
in the Carbon
Capture and
Storage Value
Chain

Indeed, almost 40% of cement producers surveyed stated that they have
not yet performed a CO, transport feasibility study (Fig. 1), despite 95% of
total respondents agreeing that CO, transportation isimportant or very
important to the industry’s ability to meet decarbonisation goals (Fig. 2).

So, why is this? One reason may be that many producers want to see what
others do first and are reluctant to allocate time and money for a feasibility
study. Alternatively, some companies may think that they have more time.
Regardless, it is clear that all producers will need to evaluate their transport
options sooner rather than later, especially those located in more remote
regions that lack existing infrastructure.

Fig 1: Has your company conducted a
CO, transport feasibility study?

Fig 2: How important is CO,
transportation to the cement
industry’s ability to meet its
decarbonisation goals?

Very B Important Somewhat
Important Important
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Pipeline is popular, but is it the only These include®:

solution? . . :
« Capacity Scalability: CO, ships enable

transport capacity to be scaled with the
changing needs of producers such that more,
or less, CO, can be accommodated over
time. Pipelines, however, may suffer capacity
limitations or underutilisation as market
demand changes.

Of those respondents who have already
conducted a feasibility study, all stated that they
have evaluated the feasibility of CO, pipeline. This
comes as no surprise: the 41 CCS projects currently
in operation and under construction, globally, all
use pipeline as the method of transporting CO,>.

Alternative
« Route Flexibility: Unlike pipelines, ships can

change routes and delivery locations depending methOdS Of
on circumstances. For example, should a trdnsporting

storage site become unavailable because of
maintenance or operational reasons, CO, can Co COUId
2

be transported to alternative storage sites.
[ ] [ ]
add critical

But what about future projects, where pipeline
transport may not be an option, or where pipeline
can only cover part of the journey? This may be the
case for facilities located in remote regions away
from existing or planned pipeline infrastructure, or
where underground storage sites are unavailable.

Pipeline Alternatives + Storage Access: In addition to route flexibility, on one
There is emerging interest in alternative methods CO, shipping can provide access to CO, fle)“b'hty
of transporting CO,, such as ships, barges, road markets and storage sites around the world.
and rail, which add critical flexibility to the CCS This is particularly important for facilities to the CCS
value chain and facilitate greater access to lacking access to local or regional markets and/ I hai
storage opportunities for cement producersin a or storage. vaiue cnain.
range of geographical, economic and geopolitical
contexts. To leverage the upside of CO; shipping,

facility owners need to evaluate (through
For example, 11 shipping projects, and 28 others feasibility studies) factors such as regulatory
which use a combination of transport methods, opportunities (e.g. incentives or subsidies),
are currently in development around the world“. In proximity to a suitable port and, if there is
particular, shipping has several unique advantages sufficient capacity and availability to handle
over pipeline-only and other transport methods. CO; collection, loading and temporary storage.
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When asked when they plan to implement CO; transport in their business
operations, 78% of producers surveyed said within the next 10 years (Fig. 3).
But are companies moving fast enough if —according to the International
Energy Agency’s Net Zero Emissions by 2050 Scenario —annual CO, intensity
declines of 4% through to 2030 are required for the sector to get on track?¢

Fig 3: What is your organisation’s timeline to incorporate CO,
transportation into its business operations?

Some No Plans/Not Aware 11%

1-5 Years

companies
are making 10- 20 Years 11%

progress,

‘ ‘ Investment in CO, transport (and CCS) will only happen

if it makes financial sense. Today, provision of funding is

b ut a re th ey not the main issue; the key problem is whether companies

can generate a return on investment. Longer term, given
. the huge capital costs involved, provision of funding in
m OVI n g fa St development economies may also be a challenge.”
e n O u g h ? lan Riley, CEO, World Cement Association
n
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Roadblocks to Progress

Many producers say that they are moving as fast
as they can, but the pace at which the industry
can implement CO, transport (and broader CCS)
strategies is not solely a function of company
ambition. Rather, as our survey suggests, there are
other, often external, factors at play.

For example, survey respondents have identified
three key roadblocks to progress (Fig. 4):

« Financial Viability: Most respondents point to
unclear business models and the lack of clear
return on investment. Indeed, companies will
only invest if there is a strong financial case to
do so.

«  Weak Policy: AlImost two thirds of respondents
highlight uncertainty caused by the lack of a
clear, consistent governmental policy signal.
Without long-term policy, companies are
reluctant to invest in expensive CCS and CO,
transport projects.

Technical Feasibility: Just over half of
respondents identify technical feasibility as a
potential barrier to progressing CO; transport
solutions. It is important to note that such
challenges will differ from asset to asset as the
length and complexity of the CCS value chain
varies.

Other potential barriers identified include:

Social Licence: Without local support, the
delivery of CO, transport projects may be
slowed or even halted, particularly land-based
projects that intersect with local communities.

Awareness: Some cement producers may not
be aware of different transport solutions that
may be available, either as an interim solution
before a pipeline can be built, or where a
pipeline is not an option.

Fig 4: What barriers does the cement industry face in transporting CO,?

Technical Feasibility

56%

Government Regulation & Policy

Return on Investment
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Clearing
roadblocks

To get on track for net-zero emissions by 2050, Decarb Connect believes it
is crucial that industry stakeholders accelerate the conversation and action
around CO; transport and how it integrates with the wider CCS system.

Analysing survey and interview responses, six key areas have been
identified that will be vital to progress: (1) developing pilot projects; (2)
stronger regulatory policy; (3) financial incentives; (4) viable business models;
(5) taking a holistic, full-value-chain approach; and (6) building awareness
and social licence.

Pilot projects are needed to demonstrate CO, transport viability
and integration

CO, transport pilot projects are a prerequisite for any investment and

can help accelerate the design and deployment of technologies and best
practices. Moreover, pilot projects can help build awareness of different
transport options and how they integrate with other parts of the CCS value
chain.

In Europe, CO, transport and storage projects such as Northern Lights” and
Aramis®, are leading the development and integration of transport solutions,
including shipping and intermediate floating storage.

Crucially, these projects are advancing the development of innovative
technologies. For example, Shell is helping to develop ships and barges
specifically designed to transport liquefied CO, to consolidation and final
storage sites (see Box 1 on the next page for more detail).
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Box 1: CO, shipping: Vessel
innovation and development

Leveraging its shipping and
maritime expertise, Shell and its
partners are developing specialised
vessels needed to ship captured
CO,.

Currently, Shell is piloting the
development of CO, vessels for

the Northern Lightsand Aramis
projects in Northwest Europe, which
are due online in late 2024 and
2028 respectively. Other projects in
Europe and the Asia-Pacific region
will follow from 2029 onward.

By developing larger vessels
capable of holding up to 70,000 m?3
of CO, under low-pressure carriage
conditions, Shell hopes to maximise
economies of scale and reduce the
cost of transporting CO, by ship for
longer distances to destinations
like Asia-Pacific.

Additionally, Shell is actively
working to develop industry
standards for CO, transportation
by ship and is cooperating with

the International Organization

for Standardization (ISO) and
Society of International Gas Tanker

and Terminal Operators industry
bodies.

Vessels will need to be tailor-made for each project and
integrate seamlessly with connecting parts of the CO,

transport value chain, such as ports, CO, consolidation
points and temporary storage. By taking an integrated
approach, Shell makes sure that all parts of the puzzle

work together.”

Steven Burthom, Manager, Fleet Management
Shell Shipping and Maritime
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CO, transport

pilot projects are a
prerequisite for any
investment and can
help accelerate the
design and deployment
of technologies.
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Industry needs clear, consistent
long-term policy

The cementindustry needs a clear

policy signal from governments to give
producers the confidence to invest in CCS
and CO; transport solutions. Example
policy mechanisms include putting a
price on carbon that is high enough to
make CCS projects economically viable
in the long term.

Additionally, restrictions on cross-border
transport of captured CO, - which is
classified as a waste product’- could limit
potential access to international storage
sites and CO, markets, particularly for
companies located in remote regions

or without access to in-country storage
sites.

To counter this, London Protocol member
countries are encouraged to ratify the
amendment to Article 6, which allows for
sea-based and cross-border transport
and storage of CO,. There also needs

to be clear agreement on how liability
for stored CO, will be managed when
CO, captured in one country is stored

in another. Furthermore, planning and
permitting processes for CO, transport
projects need to be streamlined as they
are not designed for the speed and

urgency of the decarbonisation task at
hand.

Financial incentives are crucial for
early movers

For early movers, financial incentives,
such as grants, subsidies, and tax
credits, will be key in helping to kick-start
projects that enable economies of scale
and cost reductions over time. Indeed,
with such large investments needed,
having a government pay a part of that
could be hugely beneficial for producers.

To enable and scale pilot projects in
Europe and around the world, continued
investment from outside the cement
industry is needed from public and
private stakeholders. Indeed, when
asked, almost 50% of respondents say

it is unlikely that such projects can be
funded by the industry alone (Fig. 5).

Producers need viable business
models

Securing areturn on investment is
crucial for producers, so they need viable
business models that can scale and
adapt to evolving market and regulatory
environments.

One business model growing in
popularity and potential is “CCS as-
a-service”, which aims to offer cement
producers the solutions they need to
capture and sequester facility CO,
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emissions. This would otherwise be
too complex and expensive for most
producers.

A core part of CCS-as-a-service is
providing CO, transport solutions and
services, including logistics, planning
and permitting, which can significantly
reduce costs, risk and uncertainty for
producers.

Fig 5: How likely is the cement industry
able to fund research and pilot projects
for CO, transportation without
outside funding?

14%%

Not Likely

Likely
B Somewhat Likely
B Very Likely
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A holistic approach is needed

Developing CO, transport solutions should be done within the
context of the whole CCS value chain, with seamless integration
between capture, transport and storage systems.

However, each cement plant is different and there is no one-
size-fits-all solution.

Cement producers should consider taking a holistic
approach and explore different scenarios for each
plant...This might include mapping out accessible
CO, storage sites and different CO, transport
options, evaluating the potential for creating

consortiums to aggregated CO, transport demand
and de-risking carbon capture technologies.”

Haitham Sedik, Shell’s Global Decarbonisation
Manager for Cement

Assessing the carbon footprint of different solutions and ways
to reduce overall emissions is equally important. For example,
“substituting fuels with lower-carbon alternatives, such as
decarbonised hydrogen or renewable natural gas, can help
reduce the number and size of capture units and the capacity
needed for transport,” says Haitham.
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Developing awareness and social licence

Enhancing awareness of CO, transport challenges and solutions
can help the producers make better-informed decisions.

This can be done by developing and engaging with industry
consortiums and solutions experts to exchange knowledge and
best practices.

Furthermore, setting up community engagement programmes
early in the planning process can help build trust and a social
licence with local communities living near planned CO,
transport infrastructure.

But what if CO, transportation is not an option?

There may be examples where transporting CO, for storage or
utilisation is not viable, now or in the future. Nonetheless, there
are still some options for producers to explore.

For example, carbon capture and utilisation (CCU) may be
an option whereby producers sell their CO, as a chemical
feedstock. The global demand for CO, is steadily rising and is
estimated to reach about 272 MtCO,/y by 2025. For most
petrochemical and chemical companies, CCU is the only way
that they can get the CO, at the scale they need.

Alternatively, cement producers may explore options to develop
their own sequestration sites within or close to their plants. CO,
mineralisation is also a possibility. Finally, if it is technically and
economically viable, producers may opt to relocate facilities
closer to a storage site — though this will likely be a last resort.

As the cement industry progresses the conversation on CO,
transport, many producers may be left asking, “what are my
next steps?”. Indeed, knowing where to start and what direction
to head in can be daunting.
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Charting

a course:
Cement
producers’
next steps

Although external stakeholders, such as governments, will have a major
influence on the direction and speed of progress, there are some key actions
that cement producers can undertake to help them drive the narrative and

make more informed decisions.

1) De-risking with feasibility
studies

If a producer has not already done
so, conducting a CO; transport
feasibility study should be a priority
to determine which solutions best

fit the specific needs of their facility.

Through performing a feasibility
study, producers can:

« identify and reach out to CO,
storage providers to map out
potential CO, transport routes
and scenarios;

« model the economic viability
of different scenarios and
determine possible return on
investment; and

« identify challenges and de-risk
technologies.
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2) Engage with industry and
other stakeholders

No producer can implement a
CO, transport strategy alone,

so engaging with other industry
players and external stakeholders
early on is vital. For example,
producers can:

« create orjoin industry
consortiums to build awareness
through sharing knowledge,
experiences and best practices;

« reach outto local industries to
determine potential demand for
aggregated CO,; transport;

« work with industry partners to
advocate for the right policies
and incentives; and

« start speaking with local
communities to forge early

relationships and trust.
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3) Selecting the right partners

CO, transport is one part of a complex supply chain and requires solutions
that integrate seamlessly with upstream (capture) and downstream
(storage) parts of the system. As a result, producers should seek partners
that can:

« offer deep expertise in service integration, who can design and
implement transport solutions that integrate with the whole CCS value
chain; and

« design and implement emission reduction solutions that integrate lower-
carbon and renewable energy sources.

Through this report, we at Decarb Connect hope to drive a deeper
conversation around transportation of CO, — an often overlooked, yet
critical, part of the CCS value chain. For CCS to be deployed successfully,
there needs to be more focus on how captured CO, will be transported from
source to sink, including the challenges it poses and the solutions available.

To learn more about Shell Energy’s solutions for the cement

industry, visit www.shell.com/shellenergy/cement.

CO, transport is one part of a complex supply
chain and requires solutions that integrate
seamlessly with upstream and downstream parts
of the system.
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connect

We focus on hard-to-abate sectors including cement, steel, O&G, power & utilities,
ceramics and more. The events and reports support those leading the deployment of
decarbonisation plans. Decarb Connect works with industry to set an annual agenda for
essential research, benchmarking datg, live events, retreats and more.

To find out more visit: www.decarbconnect.com

Shell
ENERGY

Shell is a global group of energy and petrochemical companies that aims to meet the
world’s growing need for more and cleaner energy solutions in ways that are economically,
environmentally and socially responsible.

We use advanced technologies and take an innovative approach as we seek to help the
world build a sustainable energy future. We are investing in both low-carbon energy and
oil and gas in a disciplined way, while finding sustainable and profitable ways to create
value and transition to net zero.

Under the Shell Energy sub-brand, we work with customers from various industries on
their decarbonisation journey by providing innovative, reliable, and cleaner energy
solutions across a global portfolio of power, gas, environmental products, and energy
efficiency solutions.

To learn more about Shell Energy’s solutions for the cement industry,
visit: www.shell.com/shellenergy/cement.
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Cautionary Note:
The companies in which Shell plc directly and indirectly owns investments are separate legal
entities. In this report “Shell”, “Shell Group” and “Group” are sometimes used for convenience where

"o

references are made to Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and

“our” are also used to refer to Shell plc and its subsidiaries in general or to those who work for them.

These terms are also used where no useful purpose is served by identifying the particular entity

or entities. “Subsidiaries”, “Shell subsidiaries” and “Shell companies” as used in this report refer to
entities over which Shell plc either directly or indirectly has control. Entities and unincorporated
arrangements over which Shell has joint control are generally referred to as “joint ventures” and
“joint operations”, respectively. “Joint ventures” and “joint operations” are collectively referred to as
“joint arrangements”. Entities over which Shell has significant influence but neither control nor joint
control are referred to as “associates”. The term “Shell interest” is used for convenience to indicate
the direct and/or indirect ownership interest held by Shell in an entity or unincorporated joint
arrangement, after exclusion of all third-party interest.

Forward-Looking Statements:

This report contains forward-looking statements (within the meaning of the U.S. Private Securities
Litigation Reform Act of 1995) concerning the financial condition, results of operations and
businesses of Shell. All statements other than statements of historical fact are, or may be deemed
to be, forward-looking statements. Forward-looking statements are statements of future
expectations that are based on management'’s current expectations and assumptions and involve
known and unknown risks and uncertainties that could cause actual results, performance or
events to differ materially from those expressed or implied in these statements. Forward-looking
statements include, among other things, statements concerning the potential exposure of Shell to
market risks and statements expressing management’s expectations, beliefs, estimates, forecasts,

projections and assumptions. These forward-looking statements are identified by their use of terms

" ou " ou URD "o

and phrases such as “aim’, “ambition”, “anticipate”, “believe”, “could”, "estimate”, “expect”, “goals”,

“intend”, “may”, “milestones’, “objectives”, “outlook”, “plan”, “probably”, “project”, “risks”, “schedule”,

" ou " ou
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“seek”, “should”, “target”, “will" and similar terms and phrases. There are a number of factors that
could affect the future operations of Shell and could cause those results to differ materially
from those expressed in the forward-looking statements included in this report, including
(without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand
for Shell's products; (c) currency fluctuations; (d) drilling and production results; (e) reserves
estimates; (f) loss of market share and industry competition; (g) environmental and physical
risks; (h) risks associated with the identification of suitable potential acquisition properties and
targets, and successful negotiation and completion of such transactions; (i) the risk of doing
business in developing countries and countries subject to international sanctions; (j) legislative,
judicial, fiscal and regulatory developments including regulatory measures addressing climate
change; (k) economic and financial market conditions in various countries and regions; (1)
political risks, including the risks of expropriation and renegotiation of the terms of contracts
with governmental entities, delays or advancements in the approval of projects and delays in
the reimbursement for shared costs; (m) risks associated with the impact of pandemics, such as
the COVID-19 (coronavirus) outbreak, regional conflicts, such as Russia’s invasion of Ukraine,
and a significant cybersecurity breach; and (n) changes in trading conditions. No assurance is
provided that future dividend payments will match or exceed previous dividend payments. All
forward-looking statements contained in this report are expressly qualified in their entirety by
the cautionary statements contained or referred to in this section. Readers should not place
undue reliance on forward-looking statements. Additional risk factors that may affect future
results are contained in Shell plc’s Form 20-F for the year ended December 31, 2022 (available
at www.shell.com/investors/news-and-filings/sec-filings.html and www.sec.gov). These risk
factors also expressly qualify all forward-looking statements contained in this report and should
be considered by the reader. Each forward-looking statement speaks only as of the date of this
report, March 1, 2024. Neither Shell plc nor any of its subsidiaries undertake any obligation to
publicly update or revise any forward-looking statement as a result of new information, future
events or other information. In light of these risks, results could differ materially from those
stated, implied or inferred from the forward-looking statements contained in this report.
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