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Why Ramboll

Ramboll’'s 18,000 experts work globally across experience with a global knowledgebace

create sustainable cities and societies.

nearly 300 offices in 35 countries

@® Ramboll Head Office
@ Ramboll offices
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Why Ramboll

Ramboll is a world leading advisor within
Carbon Capture Utilisation & Storage

Ramboll offers world-class experience in carbon capture, utilisation (PtX), transport, and storage as a frontrunner of the
technologies used at all phases of CCUS.

Our expertise builds on many years of experience within e.g. capture of CO, from power- and Energy-from-Waste plants, on-
and offshore handling and transport of gasses, on- and offshore oil- and gas operations and Power-to-X projects.

We are more than 50 dedicated carbon capture project managers and specialists serving the market through our centre of
excellence in Copenhagen and more than 200 project manager and specialists offering transport, interim storage, shipping,
geological storage, e-fuels services, and 650 detailed engineering resources in connection to CC.

Globally in Ramboll, we have more than 2,000 specialists working with energy production, energy efficiency, renewable
energy, power transmission, and district energy.

Ramboll has within the past few years worked on more than 200 carbon capture projects and more than 210 successful
hydrogen projects.

14 >200 >200

Global offices in Project managers CCUS projects
9 countries and specialists

Ramboll
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CCUS is expected to account for 10% of the global cumulative CO,
reductions in the net zero scenario

Global cumulative energy sector CO, emissions reductions by decarbonization pillar 2050,
% CO, Capture, Gigatonne (Gt)
o 1B D
Hydrogen L CF154x > v
Behavior // 6.20
Solar PV and wind 4% Other fuel 7
0, H //
31% B shifts i Forecasts
// —
7%

CCuUs

+29x
17% 10% N
Electrifications N

16% Bioenergy \\ 1.20

Efficiency S

AN 0.04
2021 2030 2050

Sources: IEA (2022)
Notes: “Other fuel shifts” include other renewables, nuclear, and switching from coal and oil to natural gas. “Behaviour” includes energy service demand changes from user decisions (e.g., changing heating

Rambol temperature), as well as avoided demand, which refers to energy service demand changes from technology developments (e.g. digitalisation).
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Waste to Energy offers a

unique opportunity to reduce
carbon footprint

» 24/7 - operation

Most WHtE facilities operate 8000 h/t.
With constant load

A CC installation will get max operation hr and be in steady operation
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« Fossil and biogenic CO, / ////’ //—-k .
Typical WHE facility that treats MSW will have ‘ //’/ |

fossil/biogenic CO, in 50:50.
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/4 ’ = 4 |
With e.g. 90 % capture and storage WtE becomes Y "V o s - | ,, ‘ Ny

carbon negative — g
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* Someone to pay

Waste suppliers, WtEs, “green power/heat/waste”
customers
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Cement getting to
NET ZERO

Fuel emissions can be avoided: 40%

Process emissions can not be avoided:
60%

CCS is a must for cement production

Ramboll

Societies need for concrete (in the absence of any

1

R h . Contributions to

action) is forecast to result in 3.8Gt CO2 in 2050. | Toutl
1

achieve net zero
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Efficiency in concrete
production

Clinker Substitution

Fossil fuel substitution
Energy efficiency measures

CO2 emissions (Gt COz2)

Carbon Capture
Utilisation / Storage

CCUS

CO, sink, recarbonation

Total reduction

2020 2030 2050

S 7 .

Net zero pathway CO:2 emissions from electricity Direct net COz emissions (Direct CO2

emissions minus recarbonation)

Source: https://gccassociation.org/concretefuture/getting-to-net-zero/

22%

100%

% Contribution to net zero



CCS outlook in Europe

Operating:
- 2 smaller scale operating plants in Netherlands
« AVR Duiven (~150 kt/y)
- Twence (100 kt/y)
- Heidelberg Materials Brevik (400 kt/y) in Norway
- Yara Sluiskil (800 kt/y) in Netherlands

Under commissioning:
« @rsted Asnaes (240 kt/y) in Denmark
« Q@rsted Avedegre (150 kt/y) in Denmark

Under construction:
« Hafslund Oslo Celsio (400 kt/y) in Norway

. Stockholm Exergi (800 kt/y) in Sweden

More to come:
« Aalborg Portland Cement (1 250 kty/y) in Denmark

Ramboll




Why are there so few projects?

Ramboll

Emitters

Expect public funding
and subsidies

Not accustomed to
procurement models for
an immature market

Publicly owned emitters
cannot bring bank
guarantees

EU ETS uncertainty

Infrastructure

No easy way to
transport captured CO2

Northern Lights require
long term commitments

On-shore DK storage
not ready yet




Key considerations
and decisions

for each

project phase

Ramboll has the ability to work efficiently with a
range of industries, to provide the full palette of
services required to deliver projects and to cover
the full CCUS value chain from capture, via
transport to storage and/or utilization coupled
with hydrogen production.

Ramboll




Key considerations and decisions for each project phase

Ramboll's project execution model for successful development
and implementation of CCUS projects

Project
Lifecycle

Technical
and
commercial
services

Goal

Duration

AACE Capex
Estimate

Ramboll

Feasibility

Technical and economic
feasibility

CO, flowrate and
biogenic/fossil predictions

Existing operations profile

CO, quality requirements

Technology assessments

Initial performance estimates

Establish high-level scope

Site selection

Preliminary layout

Indicative budget & time
scheduling

M&E balances and process
calculations

PFDs/concept diagrams

Establish an understanding of
viability of the project

4-6 Months

Class 4 (-30% / +50%)

Outline Design
(Pre-FEED)

* Further mature technical
concept and scope including
relevant documentation such
as PFDs, equipment lists, line
lists etc.

* Assessment of utilities and
interfaces

* Final site selection

« Further layout development
* Procurement strategy/ DOW
« Start and permitting

* Risk assessment

* Update budget & time
scheduling

Establish sound basis for
launching the Basic Design

6-10 months

Class 4 (-25% / +30%)

Basic Design
(F==p))

* Selection of procurement
strategy.

» Contractor FEED studies

* Develop procurement
documentation (technical
and commercial conditions)

* Conduct procurement

Finalized planning and
permitting, Obtain permits

* Review Risk assessment

* Update budget & time
scheduling

Establish sound basis for
launching the project and
ensure implementation
contract

8-12 months

Class 3 (-15% / +20%)

Note: The simplified project lifecycle presents a non-exhaustive list of services

of plant

Update budget & time
scheduling

accordance with contract

6-8 months

Class 2 (-10% / +15%)

FID

Contractors detailed design

Detailed design review

Review Risk assessment

Ensure that plant is designed in

Manufacturing/

Construction

» Contractors’ manufacturing
of equipment

* Inspections of cold/hot
commissioning, performance
tests, safety procedure, trial
operation period

* Transportation of equipment
to site

» Site preparation

* Mechanical and Civil
Construction

* Review Risk assessment

* Update budget & time
scheduling

Ensure that plant is built in
accordance with contract

20-26 months

Class 2 (-10% / +10%)

Implementation

Test &

Commissioning
(Inspections)

Cold/Hot commissioning

Performance tests

Safety procedures

Trial operation period

Review Risk assessment

Update budget & time
scheduling

Ensure that plant is in stable
operation in accordance with
contract

8-10 months

Class 1 (-5% / +7%)

Operation

Closing of snagging lists
Review of Guarantee Tests

Inspections during Defect
Notification

Performance monitoring
Final Take Over Protocol

Inspection during
revision stops

Contract Management

Progress reports

Closing of contract

11



Procurement models in Carbon Capture

CO, capture technology choice (& risk)

Tendering
Prepare EPC tender » Turn key EPC contract

EPC pathway

Tendering
> (1-2 ZEEEIiers) > Turn key contract
o o
EOI / pre-FEED o 0 E
(core CC scope or full ﬁ W m l
scope tbd)

(2-4 suppliers) EPCM pathway

. LOT based procurement
. (EPCm)

e o @

AT

»  Turn key contract(s)
Tendering

e & 2 e

® Hstalels

— B
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What are the EPCM lots?

OSBL

Cement plant
upgrades

Transport and
Storage

Permitting

Civil works

OSBL

Flue gas treatment
Buffer storage
Cooling water circuit
GIS substation
Waste water treatment

Automation

H, electrolyzer plant

E-Fuels plant

District heating

ISBL

Capture

Compress/Liquefy

Ramboll
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What about

% S / 1 1 i/
e p g i / {{/ , /’/,

Ramboll supports with

* |dentification of relevant transport
possibilities (pipeline, road, rail, shipping)

* Assessment and cost evaluation of
alternative transport solutions

* Assessment of storage potentials

* Cost evaluations of various storage locations and sizes
(onshore, nearshore and offshore)

* Technical, regulatory, market and risk assessments



Transporting the CO, to final storage (or towards utilization) is
affected by the physical circumstances

Ramboll

Multiple storage options: Iceland

Delay decision as many

possibilities are reachable
with a similar investment?

Shallow water:

Befoen
.

Nofth

Belfast
.

Small ships and many?

Access to pipelines?

Cluster of emitters:

Bordgaux
.

.if.oz s o

Economies of scale?

Willingness to cooperate in
a competitive funding
environment?
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Remote:

Synergies with other
emitters?

Local solution (CCU)?

Landlocked:
Local solutions (CCU)?

Access to roads or rails?
Access to rivers?

Access to pipelines?

Form clusters to achieve
economies of scale?

Far away from storage:
Local solutions (CCU)?

Use huge ships?
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Storing CO, In the North Sea

‘\Coda Terminal (Iceland)

Enquest, Polaris and

Snghvit (Arctic)
@ Forsete

Smeaheia

Sleipner

/‘\'\ Albondigas

Trudvang

Havstjerne
Kaupang tiea
u Poseidon '- ‘ Jammerbugt

Greenstore

North Sea Region coeal
CO, Storage licenses - T
executing exploration work

programmes 2022-2028.

Bid Round 2025

Greensand

. Thorning CO2 Storage
Kalundborg

Storage permits awarded in v

Northern Lights N (2020),
Porthos NL (2022), Northern
Endurance UK (2024) and -y

Greensand pending (DK) e

Ruby

Ramboll

Esri, TormTom, Gamin, FAD, NOAA, USES, Esn, USES 0 380




Let’s close the gap on
decarbonisation

How to de-risk the procurement and manage a carbon capture
project successfully?

https://webinar.ramboll.com/decarbonising-cement-how-to-

manage/join

What are the best practices for transport and storage?

https://webinar.ramboll.com/decarbonising-cement-transporting/join

Visit our website

https://www.ramboll.com/energy/carbon-capture

Burcin Temel McKenna

Global Head of Carbon Capture
Competency Center
BTMA@ramboll.com

Ramboll
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Bright
Ideas.
Sustainable
change.
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