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C4U: The Challenge

 Theiron & steel industry represents the largest energy consuming manufacturing sector
in the world, with average specific emissions being 1.83 t of CO, per 1t of steel
produced

* 1.8 Gt of CO, were emitted in 2018 from the iron & steel industry, up by 4.6% compared
to 2017 *accounting for up to 8% of anthropogenic CO, emissions 2

* Reducing CO, emissions from the iron & steel making industry is considered as one of
the 5 pillars in meeting the Net zero emission target

* A portfolio of promising CO, capture technologies must be developed and practically
tested to high TRL delivering the minimum cost and energy consumption whilst
overcoming social-economic barriers

1 https.//www.worldsteel.org/media-centre/press-releases/2019/Global-crude-steel-output-increases-by-4.6--in-2018.html|
C4U 2 http://energy-transitions.org/sites/default/files/ETC_Consultation _Paper - Steel.pdf



Main Objectives

Elevate two promising CO, solid based capture technologies, known
as DISPLACE and CASOH, from to high TRL & design for optimal
integration in steel plants

Analyse the environmental and business impacts for integration of
these two technologies at large-scale in ArcelorMittal steel plant in
Gent as part of the North Sea Port industrial cluster

Develop a dynamic flow model for the monitoring, control and
optimal safe operation of the cluster network taking into account
the impact of the CO, quality on the pipeline transportation &
storage infrastructure

Develop and test approaches with stakeholders and end-users to
assess and advance societal readiness for CCUS in industrial clusters

Disseminate and exploit the and project results to enable the large-
scale rollout of CCUS
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C4U Ambition

In combination, the two C*U capture technologies aim to
capture up to 90% of the total emissions from the steel plant

Blast furnace 65%

Foundry products 1%
Processed steel 2%
Electric arc furnace 3%

Hot rolled steel 3%'

Sinter plant
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c4u Methodology for the free allocation of emission allowances in the EU ETS Post 2012—Sector report for the iron and steel

industry. Report Prepared by Ecofys, Fraunhofer ISI and Oko-Institute, November 2009.
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C4U Ambition

1.6 CO, intensity pathway scenarios for the EU steel industry
1.4 ;
| 1 business as usual at 2010 CO,
1.2 -
2 potential

Uneconomic scenarios

A
(=)

maximum theoretical
abatement without CCS

o
00

maximum theoretical

COz intensity (tonne CO2 / tonne of steel)

0.6 EU ETS cap declining path \'*:“\ 4 abatement with CCS
(according to the Commission Yag e,
Low Carbon Roadmap) e
0.4
Total amount of CO, that must be abated in Europe during hypothetic breakthrough
0.2 - technologies in
2030-2050, throug‘h t!1e dePonment of the brea.kthrough ’ Eibigit o SO
capture technologies, including the C*U technologies
0 T
1990 2000 2010 2020 2030 2040 2050
C4U

Adapted from “A Steel Roadmap for a Low Carbon Europe 2050”. EUROFER, 2020. www.eurofer.eu
© C*U Project, 2020




Cc4U

in the C4U project

Pilot preparation for demonstration
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C4U IS TYPICAL GOES ATYPICAL
C4U IS GOOD ATYPICAL
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CalL SEWGS
Calcium Sorption-
Looping Enhanced
Water
Gas Shift
/
[ \4
'SE’WGS .reaztofergction, March 2017
cau  Post-combustion Capture Pre-combustion Capture
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HIGH TRL MEANS UTILISING INDUSTRIAL
SITES/GASES FOR DEMONSTRATION
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Pre-combustion testing Post-combustion testing Project, 2020



STATUS OF PILOT PREPARATIONS

Similar Activities
o Both CASOH and DISPLACE will have 2000 hrs of demonstration at high TRL

o Most activities in 2020 and 2021 are engineering, procurement, construction
o DISPLACE has much of the equipment in place, and the linking of the unit is the main task
o CASOH requires a new pilot installation and building

Status
o Both CASOH and DISPLACE have achieved their respective deliverables on the basis of design

o Special attention has been paid to the equipment delivery timeline
o Mass balances and operational philosophy of pilot

o All of the responsibilities of all of the involved partners in the different stages
° Including delivery of the materials for testing, hydrotalcites, WGS catalysts, Ca-based sorbent and Cu-based materials

o Both CASOH and DISPLACE have delivered basic engineering and have started detailed engineering

c4U



c4U

WP1 - DISPLACE process for
reheating ovens
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WHAT ARE REHEATING OVENS?
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DISPLACE TECHNOLOGY OBJECTIVES

2 x 1000 hr campaigns

> N,-H, Campaign, separation of H, from BFG, and subsequent H, use in chamber furnace
o DISPLACE Campaign, oxy-combustion of BFG in walking beam furnace, and CO, capture of oxy-combusted BFG

Cc4U
© C4U Project, 2020



DISPLACE: CO, CAPTURE EQUIPMENT
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DISPLACE PROCESS

DISPLACEMENT
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c4U

WP2 - Calcium Assisted Steel mill
Off-gas Hydrogen process for blast
furnace gas (CASOH)
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CASOH: Future location of the pilot at the
AMA GaslLab
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C4U FIGURE 21. Pilot plant location next to Gaslab ArcelorMittal area.
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CASOH REACTIONS FOR BLAST FURNACE GAS

Main drivers for pilot design

* Asingle packed bed reactor is the core of the pilot

 Demonstration of reaction stages is a priority (i.e.: vs the heat removal stages)

* High TRL scale (defined as 0.3 MW ,on + 0.7 MW,, as HT heat from regeneration)
* Indicative dimensions: 5 m height, 0.5 m I.D.

* Keep within budget CASOH

CO +H,0 - CO,+H,
CO,-rich ’
*

CaO(S) + COz—> CaCO3(S)
Cu) catalyses WGS
CUO(S) + CO/H2 — CU(S) + C02IH2O
03003(5) — CaO(S) + COZ

CU(S) + % 02—> CUO(S)

CaCOg3) does not react

* REGENERATION OXIDATION 1_~
ciU Fuel (BFG, NG) Air



Process Flow Diagram of CASOH pilot

c4U

%

BFG Blower

i

Vv | MF1

MFC1

KT

}%{VZ

— -

Elect
preheat

> €

MFC2 3K

Heat
Exchanger

v Additional constrains for pilot design
-+ Avoid high temperature valves
* Limit operating pressure to air at~10atm

Common Design Practice includes:

A process description, background and fundamentals

Detailed description of reaction stages and heat removal stages

M&H balances for all CASOH pilot operation modes

A description of what we know today on the main pilot components
Gases characteristics and utilities available at AM GasLab for the pilot
Role of each CASOH participant towards WP2 objectives



DESIGN STATUS OF MAIN PILOT COMPONENTS
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WP 3 - Integration of CO2 capture
technologies in steel plant ~ @zme
TNO 3= wood.

Aims & objectives

This WP will use advanced
process modelling to design
the C*U capture technologies
at industrial scale and assess
the optimal energy and costs
of the integrated process in
the steelwork plant operation.
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SYNERGIES BETWEEN CASOH AND DISPLACE

CASOH DISPLACE

Coke Oven Gas Sinter Plant Exhaust

Basic Oxygen Furnace Gas Hot stoves
Blast Furnace Gas Reheating Furnaces
Blast Furnace Gas
_ |
No7H, product as fue! processed by CASOH
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WP4 - Integration of CO, Capture

in Industrial Clusters g ..

At 60 Mt/a, the industrial activities of the three
industrial port areas of Ghent, Antwerp and
Rotterdam account for one third of total CO,
emissions of Belgium and the WNetherlands
combined.

Clustering of these regions with common CO,
transportation infrastructure will allow the
geological storage up to 10 Mt CO,/a in the
depleted gas fields near the Dutch coast, making
it the largest CCUS cluster project of its kind in the

world.
C4U
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Aims & objectives

=Develop a multi-source dynamic flow model along with

realistic scale experimentation for the optimal control
& operation of the North Sea Port industrial cluster
network taking into account the impact of the CO,
quality on the associated pipeline transportation &
storage safety + investigate CO, utilisation
opportunities.

"Employ the CO, capture cost models developed in
WP3 along with agent based models to assess capture
energy and cost penalties for the North Sea Port
cluster for 2030 and 2050 decarbonisation scenarios.

=Using LCA, investigate the environmental impact of

the North Sea Port CCS cluster.
CiU

Cluster system modelling

23



NORTH SEA PORT MAJOR EMITTERS

Yara
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ICL-IP
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Fertilizers / Agriculture
Starch, glucose syrup / Food industry
Bromine products / Specialty chemicals
Renewable plastics from UPM BioVerno naphtha
Heat and power for Dow Terneuzen and power for
national electricity grid
Synthetic fuels and raw materials from crude oil /
Petrochemical
Titanium dioxide (and waste heat)

Power plant, using BFG & CG from AM

Iron and steel
Renewable packaging, biomaterials, wooden
construction materials and paper
Sustainable food and agriculture products from
renewable agricultural raw materials
Plastics, latex, synthetic rubber materials

3.59
0.24
0.01
2.58
1.36
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0.15

1.72
4.11
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TASK 4.1.1.4. RIGOROUS MULTI-SOURCE CO, PIPELINE

NETWORK MODEL (UCL)

OBJECTIVES: Development of the network flow model to evaluate the impacts of temporal
fluctuations in the network sources (flowrates, pressures, temperatures and CO,
streams compositions) on the transport network operation.

PROGRESS

Development of the network flow model and code:
v" Initial conditions for the flow,
v Multi-sink network capability,
v Transient tracking individual CO, stream impurities,
v’ Verification and testing

PLANS FOR NEXT 6 MONTHS

 The transient model testing and verification

* |nterfacing with the Agent Based Model in Task 4.2.

c4U
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Large scale pipeline facility for the study impacts of CO2 stream composition and
decompression rate on solid CO2 formation and transition to two-phase flow
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WP5 - Societal readiness and
PU blic pOIicy Radboud University ¢%

elementenergy

Aims & objectives
Generate public support for CCUS through:
ldentifying concerns through informed dialogue
Constructing narratives that address concerns
Increase feasibility of large scale CCUS through:

ldentifying policy options that address public
concerns

Analyse policy options that address public
concerns

c4U
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WP6 - Long-term business models
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Aims & objectives

Enable the deployment of the North Sea Port industrial CCUS cluster by developing novel and
investable long-term business models. As business models are broadly transferable, other
industrial CCUS clusters in Europe and beyond are expected to benefit from the learnings.

The study will involve :

Desk research on CCUS risks & challenges, and
radical innovation & market creation

Identification of learnings from the UK progress
and projects

Stakeholder analysis and engagement

Business model innovation framework design and
scenario-analysis

Business models short-listing and development

c4U



WP7 - Dissemination through Knowledge
Sharing and Public Engagement

Climate
= Strategies

(®) SWERIM “CSIC @IF oS

The University of Manchester
m innovation CARM EUSE
for life

CanmetENE RGY Radboud University % WOOd. ArcelorMittal

‘\\\\\\I\l\llll\lllm,-” i,
& T 4
ST RS %
SO & 2z P r
§ f W il —E o L I E C N I C 0
E) e e E
BESehi
% £ P
, &

2% The
University

Yo Of
% Sheffield.

elementenergy

c4U

31



Aims & objectives

Ongoing throughout the project, this WP ensures that the project’s results are
exploited to the full extent and disseminated to relevant stakeholders to facilitate
the large-scale rollout of CCUS

To effectively involve and communicate with five stakeholder groups (local
communities, local schools and universities, civil society including labour, policy
makers and funding agencies) and the media.

To showcase and promote the C*U results and the industrial cluster.

To exploit future CCUS technologies by interacting with other projects working on
other segments of the CCUS value chain.

To facilitate the commercialisation of the project’s results thus maximising its impact

c4U
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