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) DRIVER

The General Consensus @Chimborazo, Ecuador
5000m above sea level




FOCUS ON THE IRON AND STEEL SECTOR




) ENERGY CONTAINING RESIDUAL STREAMS

) Unique feature of current steel making processes

) Presence of diluted energy containing streams

BFG 22 22 49 4 - 3.2
BOFG 14 57 14 3 — 7.5
COG 2 5 / 62 24 15.3

) BFG - Blast Furnace Gas

) BOFG — Basic Oxygen Furnace gas
) COG - Cokes Oven gas

see IEAGHG report on Iron&Steel,
http://www.ieaghg.org/docs/General Docs/Reports/2013-04.pdf
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http://www.ieaghg.org/docs/General_Docs/Reports/2013-04.pdf

) BASE CASE

Diluted stream,
containing energy
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) CCUS APPROACH

Diluted stream,
containing energy

Conversion, upgrade
and separation

Concentrated stream,
containing energy
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) SELECTION OF VALUE ADDED COMPOUNDS
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) CCUS APPROACH

Diluted stream, Concentrated stream,
containing energy SEWGS on containing energy N Low carbon
BFG and BOFG power and heat
STEP
WISE y
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Synthesis of Additional renHewabIe
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Urea or
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) SEWGS AS KEY ENABLING TECHNOLOGY

Private support

&
Public support + framework @.
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) STEPWISE PILOT LAY-OUT

BFG
Compression

steam

pre-heating

WGS

conversion

heating

WGS
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) CAPTURING PERFORMANCE

) Cyclic performance mapping
) Carbon Capture Ratio
) CO, purity

) Rinse & Purge steam usage per CO, avoided

) Tt campaign results

) Mapping

) 2 campaign

) Optimization

) In total 5000 cycles

CO2 purity [mol%)]
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) EFFECTIVE SULPHUR REMOVAL

) Reversible sorption of H,S
) No influence on CCR, purity, steam
) High CCR = high SCR
) Simultaneous sulphur and carbon removal
) H,S ends up in CO, product
) H.S slip prior to breakthrough < 1 ppm,wet

H2S capture ratio
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) METHANOL POTENTIAL: CO,-BASED

) Annual global CO,-production in steel industry vs. current annual markets
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) UREA PRODUCTION FROM BOFG

) After STEPWISE technology
) N, goes with the H,

) ~55% of globally produced H, is used for NHj

) Residual gases in the steel industry contain N,

BOF gas
—>

) Treated BOF gas has the right H,/N, ratio for ammonia synthesis

Storage
> ready CO,
SEWGS tuning l
Hy+N; NH Urea
3 >
synthesis Synthesis
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) LIFE CYCLE ANALYSIS

Reference

B CO; Transport &
Storage

B Gas Processing &
Synthesis

W Electricity
Replacement

CO, ., Emission [-]

Electricity production
from BOF

B CO; Venting

Reference BOF2UREA BOF2UREA with CO,
Storage

Z ECN) TNO

Global Warming Potential (GWP)
reduction of ~13% without CO,
Storage.

70% CO, o, avoided if deployed with
storage and transport.

Electricity consumption is the primary
source of remaining CO, .,
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) BUSINESS CASE

) Comparable economics
for natural gas based and
BOF-gas based urea

) Urea pays for capture
technology, storage ready
CO, as side product
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) THERMODYNAMIC LIMITATIONS

) Conversion from CO and H, is limited 100 Optimum ratio at H,:CO = 1
! 100% :
) Excess oxygen can be bound to carbon ; //"""'— MeOH / DME i
and to hydrogen 80 - i MeOH
I 80% i H.O
| i 2
3H,+ 3C0 < C,H,0 + CO, % 60 =1 2 eo%
4H,+2C0 & C,H 0 + H,0 = / // e
g 40 g 40%
) Conversion from CO, and H, is minimal 8 / / T=250°C g_
[ _ 20%
) Challenge: Excess oxygen must be 20 7 RSO .
bound to hydrogen CO,= 1 o ;
0 i 6.5 1 1.5 2 25
0 20 40 60 80 10
Pressure (bar g) Fizf(:()
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) SORPTION ENHANCED DIRECT DME SYNTHESIS

Feed gas for synthesis
CO/CO,/H,

Cu/ZnO/AlLO; catalyst

Zeolite LTA

regeneration Reaction
300 - 400 °C 275 °C
3 bar(a) 25 - 40 bar(a)
DME enriched product gas, Dutingregenerationduct gas,
plus CO / €6,/ H, / H.0 / MeOH ph@® CO / CO,/ H, / H,O / MeOH

— FLEd

Home



) Direct DME synthesis
) 275 °C & 40 bar(a)
) Thermodynamic equilibrium

) Carbon is found in CO / CO, / MeOH / DME

100%

90%

80%

50%

40%

30%

Product C-distribution (mol%)
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Feed -

\\
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60%
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) FEED FLEXIBILITY

) Direct DME synthesis
) 275 °C & 40 bar(a)

100%

) Thermodynamic equilibrium N ? ? ? % 7 Z
) Carbon is found in CO / CO, / MeOH / DME . / -4 Z
2 o
) Sorption-enhanced DME synthesis g 50% mCo?
) 275 °C & 40 bar(a) g 40% .;l;aEOH
) Experimental results g 0 I
) Carbon is found in CO / €0,5MeOE- DME o
10%
. m
Feed > co2 CO2/CO co co2 CO2/CO CcO

Sorption enhancement
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) REGENERATION CONDITIONS

) Catalyst & sorbent regeneration at 300 °C

) CO,CO=12
_ ([Hz]-[c0z]) _
) M= ([col+[coz]) 2

) 275 °C & 25 bar(a)

GC concentration (mol%)
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) REGENERATION CONDITIONS

) CO,CO=12
_ ([Hz]-[c0z]) _
) M= ([col+[coz]) 2

) 275 °C & 25 bar(a)

) The more severe regeneration procedure ,
increased performance

) Catalyst & sorbent regeneration from 300 to 400 °C

ancentration (mol%)
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