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INITIATE project concept and vision

CONCEPT
) Industrial symbiosis between iron and steel sector and ammonia/urea production

VISION

) Create bankable case for a first commercial size demonstrator at a scale of 50 kt/y urea
production capacity on the basis of BOFG

ROUTE
) The INITIATE project takes all the steps required to develop the FOAK plant

) Demonstration of continues production of NH; from BOFG at 2.5 tyy3/d scale
) Site identification
) Business plan development

) IP&R, ownership, collaboration
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Multiple routes towards CO, neutrality
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INITIATE Industrial symbiosis
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INITIATE Implementation
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Enabling technologies

Sorption Enhanced Water Gas Shift - SEWGS
* TNO development

Industrially sourced solid adsorbent

Combining CO, separation with WGS reaction

Optimizing N»/N, while removing CO,

Minimization of energy requirement

Sub-stoichiometric NH; synthesis

$ $ $ CO, for storage >—>

* NextChem development
« Suitable for variable H»/N, ratio
« Simplification of knock-out and recycle

» More suitable for dynamics

>
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INITIATE Project Organisation

WP1: Ethics
Requirements

WP7:
Communication
and
Dissemination

WPS8: Project
Coordination &
Management

WP2 WP3
Pilot design, engineering Industrial functional
and construction materials

WP4
TRL7 Demonstration of Industrial Symbiosis

WP5
Multiscale modelling and
analysis of Industrial
Symbiosis

WP6
Commercial
Implementation Plan

IMPACT

Successful TRL 7 demonstration
of symbiotic and circular
residual steel gasses to NH; by
proving operational reliability
and technology based
innovation

IMPACT
Bankable design for a first of a
kind plant, ready for FEED and a
long-term plan focusing on
maximising replication potential
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Pilot lay-out for 2.5 t,/d

2017 2023
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Oxygen

Modeling dynamics

Iron Ladle

Liquid Steel

BOFG challenge: dynamic behavior
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Dynamic modeling in Aspen Custom Modeller

) NH; loop on-going

BOFG Feed model
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TEA, LCA and business case modeling

Quantitative analysis for direct comparison
» Base case - reference cases — INITIATE case

« Scenarios for evaluation of electricity CO,-footprint, fuel mix, pricing

» Location dependent assumptions

Plant | Capacity Technology

Steel 3160 kt/'y HRC BF/BOF Reference steel plant
NH; 47 ktly NG reforming BOFG to NH;
NH; 310 ktly NG reforming BOFG + BFG to NH;
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Base Case — commercial plant lay-outs
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Reference Case - State-of-the-art commercially available
plants with CO, capture technologies

Combined Natural gas
» Flue gas ’
Iron Ore  Coal Cycle & Steam, Air
COG
% glc:;et Decarbonised NG, o Flue gas
off-gas Air Reforming
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Blast Furnace Y > WGS ’
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Furnace CO,to Production y CO,to
storage
Casting and Ammonia I
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Decarbonised
Steel Products flue gas
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— INITIATE
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INITIATE Case — demonstrating
symbiosis
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Towards a first of a kind plant

Beyond demonstration

Value engineering and integration to reduce cost
Pre-FEED for a bankable, first-of-a-kind plant at selected location
Al based control for BOFG dynamics

Quantify social, economic and environmental impact of industrial

symbiosis in Europe

INITIATE: symbiosis

Residual Raw
h Gases 'l Materlals l'l
Steel Plant INITIATE Process Urea Plant

REFERENCE: no symbiosis
Residual
Gases : Materlals
P oo ]
Electricty:
Steel Plant : Urea Plant
-30%
: -40%
8.2 9.4 3
5.7
1
Primary Energy Raw Material GHG
(GJ/tonGAS) (GJ/tonGAS) (10 tCO2/tonGAS)

Reference INITIATE

Intensity values per ton of residual steel gas
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Thank you !

INITIATE@TNO.NL

www.initiate-project.eu

The INITIATE project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 958318
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Back-up slides
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BOF2Urea — Pre-study

: 100%
Focus on TEA, LCA and market potential m CO, Transport &
90% Storage
« Economical feasibility 80%
— 70% M Gas Processing &
* Positive business case for urea derivative = 60/" Synthesis
o) %
- Site locations of BOF availability and urea demand £ 50% W Electricity
w Replacement
. . g 40%
« Environmental benefits . B '
O 30% Electricity production
. f BOF
» Strong consortium 20% o
10% M CO, Venting
0%

INITIATE INITIATE Reference
with CO2 sequestration

@INITIATE Demonstrate, validate, and FOAK preparation
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Process intensification

SEWGS = combining CO, separation with WGS reaction

Conventional process

Separation

» CO,
2%-6% CO
syngas

PHZ

CO +H,0 = CO,+H,

SEWGS concept B
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SEWGS principles

KISUMA

HAN,
Product

Repressurisation

Pressure equal.

Pressure equal.

Steam

— Adsorption—

Residual Gas
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SEWGS principles

Column 1
Column 2
Column 3
Column 4
Column 5
Column 6
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Process intensification

H,-PSA
0 99.9%" Hy
purity
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Dry Syngaé -
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H,/CO/CO,
(30% H,)

EEEEEEEEEEEEEEE

Ads1/

SEWGS
99%™* Hy

R ] recovery
CO, capture
H,S capture
COS conversion
CO conversion

Syngas 1

High CO+CO, content \,

CO,
(>95% CO,)
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SEWGS Development path

Internal 1st experiments, gram scale
CATO Lab-scale

CACHET Bench scale

CAPTECH Materials development
CEASAR Low steam usage

CATO-II Process development
STEPWISE Validation in industry, ton scale
FReSMe To methanol

INITIATE Prototype for NH;

Technological Readiness Level

* Reactor design

* Sorption-Enhanced Reaction modelling
* Validated material

* Detailed techno-economics

* Secured material supply chain

* Infrastructure

CATO Il
Validation
of process
Validation of P
Bench scale materials 2011

commissioning

2008
CAPTECH g~ CAESAR

CATO
2004

Proof of Feasibility
at lab scale

o
2006 CACHET

Status 2022
2018-2020 SEWGS Plant 1
2021-2025
FReSMe '

2015-.2019 INITIATE

STEPWISE

demo
Status STEPWISE
2015
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Time
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