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Biomass & Energy Efficiency :
six focus areas

Bi Heat
lomass Management

Upgrading

Biomass Gas Processing
Treatment &

Combustion &
Gasification biobased B circular Conversion
economy economy

Liquid Separation &
Conversion



Markets
Clients & Partners
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e Gas Processing, Syngas Tuning, Refinery, Steel production

e End users, component manufacturers, system integrators
e Public Private Partnerships
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Contents of today

e Changes in our energy, electricity, supply

Role of CO,
e Advanced carbon capture for the steel industry

e Creating more value out of blast furnace gas

e Keeping in line with current BAT steel making process so alternatives like
Hisarna are out of scope



Electricity in a climate
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Never let a good crisis go to waste

Great Horse The London
Manure Crisis Smog disaster Acid Rain Climate
(1894) (1952-53) (1970s) (215 century)

e T —s

Street County Continent Global

Need for level
playing fields
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The electricity sector is
changing...
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e Rapidly increasing renewable electricity (wind and solar).

¢ Intermittency, supply and demand mismatch
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' Note: Worldwide renewable electricity capacity,
Source: BP Energy outlook 2013 excl. hydro, will increase from 4% (2011) to 12% (2030)



... demanding for a
new Energy System
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e Electricity will play an increasingly important role in energy systems
e Sustainable generation, smart distribution, and smart end-use
CO n S u m pti 0 n Renewable energy resources

Transmission and distribution
Smart energy ‘ |
Sptem control 79 [ Centralised power and
: 3 V&, heat generation

,"/ .ﬂ lw N :‘ \\‘I
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' Distributed. 4%
energy
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Storage Compressed air

Electrification of transport

Source: Energy Technology
Perspectives 2014 - Harnessing
Electricity's Potential.
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Conventional Carbon Capture
and Sequestration

Increasing complexity to decarbonize

<€

Carbon Carbon

Carbon Carbon
Capture & Capture &
Purification Purification

Capture & Capture &
Purification Purification

Transport

Temporarily
co,
storage
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Permanent
co,
seques-
tration
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Increasing renewable electricity

Carbon
Capture &
Purification

Carbon
Capture &
Purification

Transport

Carbon
Capture &
Purification

Carbon
Capture &
Purification

Temporarily

Renewable
HZ
production
<€
Direct use

co,
storage
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Permanent
co,
seques-
tration
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Renewable electricity dominates

the energy market
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Carbon
Capture &
Purification

Carbon
Capture &
Purification
~— | _~

Renewable
H2

production

Transport
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Capture &
Purification

Carbon
Capture &
Purification

rbon

Permanent

Temporarily 0
2

Direct use

seques-
storage

tration

Conversion technology

Chemical

lranspor-
tation Fueis

Energy

Stnrace
- =

Chemic=!
fzedstock
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Advanced capture technology
for the steel industry

- Safeguarding the stel§ tor
In Nethgrlands (Western urope)
Healthy financial situation
Slgnlflcant employment
Innovative j
Highly.efficient  #lw o |
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CO, capture from Z ECN
Blast Furnace Gas

¢ Avoid sub-optimal end-of-pipe solutions
e Move upstream to take advantage of the COintk  -eam

® Upgrade Blast Furnace Gas by simultas®

— convert CO to H,
— remove CO,

e Result:

— High carbon
development

— Estimated 25%

P est efficiency for short-to-medium term

~er ton CO, avoided
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Sorption Enhanced Water-Gas Shift

e Applications in carbon capture and hydrogen production

—_
CO+H,0|CO, +H,  AH=-41kl/mol

¥

In situ removal of a reaction product

50
e Normal Reaction Conditions
— Two stage conversion of CO
- 12% —> 3% — 0.5%
— 350-400°C — 180-250°C
— 20-30 bar

o
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[
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Gas volume fraction composition (%)
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The Intensification Step

e Combines the Water-Gas-Shift reaction with sorbent material to
simultaneously produce H, at high temperature whilst also capturing CO,

—Carbonate Formation =

H, ~
COZ~$ % HZ
/_) —> H,0
H,O Water-Gas Shift:  + 1.0 < CO, +H,
Co, €—

17 <= Decarbonisation <
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SEWGS advantages

® Low cost sorbent
— Synthetic clay industrially produced
— Robust material

® Low energy consumption for CO, removal

e Efficient removal of H,S

e Low steam consumption

e Both high purity CO, and high capture rate, low loss of H,

\
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Sorbent “stress test”

e Stability of the CO, sorbent ALKASORB

— Combined adsorbing and catalytic activity of material for more than 5000 cycles
— No deterioration was observed

Agiee] (S rs)
fa
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Building now

STEP

WISE
14 ton CO,/day

e At ECN laboratory
20 e 100 kg of sorbents
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STEP
‘wnse Partners: supply chain

g E C N Johnsatthey ‘ KISUMA

CHEMICALS
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swerea/meros  SSAB TATA STEEL
\ 4

™
dimec

foster
wheeler
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Value from BFG:
Methanol synthesis
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Renewable electricity dominates

the energy market
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Renewable
H2

production

Direct use

v

Carbon Carbon
Capture & Capture &
Purification Purification

Transport

<€

Carbon

Capture &
Purification

Carbon
Capture &
Purification
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Permanent
co,

Temporarily

Conversion technology

lranspor-
tation Fueis

Chemical
Energy

Stnrace
- =

Chemic=!
fzedstock

seques-
storage

tration

Methanol can take all roles!
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Global Methanol Demand (CGAR:
9,4%)

109
91
73
2014 2015 2016 2017 2018 2019 2020

Source: Clariant Database

Mio Tons MeOH

Methanol a growing market

MAIN APPLICATIONS 2014: 64 MIOTO

MTO/MTP; 12;
18%

Chemicals; 45;

Fuel (incl. 67%

Biodiesel); 10;
15%

MAIN APPLICATIONS 2020: 115 MIOTO

MTOIMTP; 46
40%

~Chemicals; 51;
44%

Fuel (incl.
Biodiesel); 18;
16%

U. Flessner (Clariant)
Industrial Methanol Catalysts Oct 2015



A\
o
Z

Future potential MeOH market

Current Annual Market vs. Potential [Mt/yr]
2500

S

>

> BFG-Methanol

\ K B Methanol

*new growth
\traditonal market

1500

M Diesel
M Petrol

1000

Annual Market (Potential) [Mt/yr]

markets M Polyethylene

*The largest carbon containing
chemical markets currently

: I :

ethanol Methanol Polyethylene Diesel

3

BFG-

=



26

FReSME: From residual steel
gases to methanol
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e Simplified view on integrated MeOH and steel plant

Electrolysers

m m/

Coke Oven

H, Separation

Blast Furnace
Basic Oxygen Furnace

> SEWGS

® Various streams omitted for simplicity

» Methanol Plant@

Lime Kilns

. : Reduced CO,
Stl’lp Mill emissions

Plate Mill
Other Users

Cowper Stoves



FreSMe consortium

Result of grant application expected in the coming months

Universities
CRO’s swerea|/Meros Z ECN
Companies ,.\
Oideals W SSAB (KISUMA >ll\rra L(:‘) ER
eeeeee 5% TATA STEEL Giiciis  Industries S et Stena
CO, capture MeOH

Steel
27 Synthesis  Use
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Ambition

Construction and operate

FEED 20 kton MeOH/y

Construction and operate

STEP

FEED 35 kton CO,/y
WISE  STEPWISE campaigns

2017 2018 2019 2020 2021

28
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Concluding remarks

e Climate is important to the global society at large
— solution should come from the global society at large

¢ Financial instruments alone are unlikely to be productive
in the long run

pressure from the society combined with a willingness to pay may

be more effective

® Reducing CO, levels in the atmosphere should be achieved through

Increasing energy efficiency
Reducing use of fossil fuels
Capturing and storing CO, from large point emitters = important role for the industry

capturing CO, from air



More information:
caesar.ecn.nl/the-sewgs-process
http://www.stepwise.eu/

Jaap Vente, vente@ecn.nl, +31 88 515 8615

/ o

Timber storage in Sweden after “Gudrun” storm, 2005, max 1 month fuel for SSAB blast furnace
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