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SP1 WP4 Participants’
Roles

Air Products PLC, UK PRODUé"Ig o
Work Package Leaders
SEWGS Technology know-how #
SEWGS modelling and integration

Energy Research Centre of the Netherlands (ECN)
Experimental work, adsorption development

Process Design Centre (PDC), The Netherlands
Overall system modelling and integration |

National Technical University of Athens bp iE
Steam system and Gas Turbine

BP, Chevron, ConocoPhillips
Review, Feedback

Conocgﬁhillips



A Brief History of SEWGS —
Sorption Enhanced Water Gas Shift

SEWGS development initiated by Air Products in
December 2002

Developed by Air Products, with funding from the
US DOE and the CO, Capture Project (CCP)

Work continued in 2006 by ECN with collaboration
from Air Products and funding for EU and the CCP

Combines water-gas shift reaction with CO,, capture
at high temperature

Produces CO, at low pressure and an impure

hydrogen stream at high pressure and high
temperature

Ideal gas turbine fuel, diluted with nitrogen as
necessary
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A hydrotalcite (HTC) material is used as the high
temperature CO, adsorbent
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Sorption Enhanced Water

Gas Shift (SEWGS) Concept &« O
CO+H,0O CO,+H,
Feed step |
syngas decarbonized
adsorbent fuel gas
— »/| adsorbent and catalyst >
2 87% H
16% H,0 8% H.O
16% CO 0.5% CO
10% CO, 90% C removal % CO
0.5% CH, 0.5% cH,

Water gas shift catalyst + high temperature CO,, adsorbent

Removes CO, from hot syngas (400-500°C) leaving hot
decarbonised fuel

Le Chatelier’'s Principle overcomes equilibrium-limited shift
reaction

Multiple beds undergo cyclic process steps (reaction/adsorption
and regeneration)



Multiple Sorber/Reactors
are needed...
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5-7 beds/train
5-7 switch valves / bed
Surge tank needed for CO, product




Objectives of SP1 — WP4

The objective is to develop, and evaluate the potential of
the SEWGS process.

This will involve

testing the performance of adsorbent/catalyst
materials in a single-column lab-scale test rig,

demonstrating the fully cyclic process in a multi-
column lab-scale test rig,

using the generated process data to estimate
iIndustrial-scale performance, and

produce recommendations for commercial scaleup.

We will quantify the effect on the overall power
production system incorporating SEWGS.
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Adsorbent and Catalyst
Materials

Adsorbent is a K,CO, promoted
Hydrotalcite on a structured support

Same as used Iin previous CCP work

Catalyst Is an iron-chromium type on a
structured support




Single Column System —
Year 1 Summary

Adsorbent only single column
experiments

Breakthrough tests confirm stable
performance

Cyclic adsorption capacity of sorbent
verified, similar to previous work

Very low and pretty steady CO, slip



CO, Slip

very low and pretty steady CO, slip after 1500 cycles — 10
days



Breakthrough Tests 2

breakthrough test repeated after 5 weeks of commissioning
and testing, breakthrough starts 1 minute earlier

——> sorbent is stable



Simulation of SEWGS

Simulated bed temperature profiles
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Adsorbent + Catalyst Single
Column Experiments

Aim was to demonstrate sorption
enhancement during feed

Feed CO, + H,O + N, + CO + H,

Gas compositions: air-ATR and O,-ATR
according to calculations in CCP report

Establish breakthrough curves for CO, and
CO

Establish approach to chemical equilibrium
Check side reactions (methane production)



Breakthrough experiment
(16% steam)

CO3Z3/CO/H2/H20 slpm 3.2/1.9/11.2/3.1
readitor pressure 27.7 bara
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Cyclic with Shift

Proof-of-principle cyclic sorption enhanced
WGS

Gas composition: air-ATR (PDC
calculations)

Use CO, rinse cycle with conditions based
on HTC-only experiment:

purge/C = 2.2
working capacity 0.34 mmol/g




CO, rinse cycle
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Breakthrough experiment,

after

cyclic experiments

CP2/CO/H2/H20 slpm 3.2/1.9/11.2/3.1

relactor pressure 27.7 bara

breakthrough curves
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Conclusions

Sorption enhancement of shift: proof-of-
principle; according to expectations

~1000 cycles completed

Catalyst deactivation not observed
Pressure drops remain unchanged
Methane formation negligible



Multi-column Apparatus

Six 6 m high, 38 mm ID columns

Columns insulated and filled with
adsorbent + catalyst
Design conditions:
Maximum inlet temperature: 500°C
Maximum bed temperature: 550°C
Maximum pressure: 31 bara
Feed gases:
CH,, CO, CO,, H,, N,, Steam



CO, Rinse Cycle
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PFD — CO, Rinse




3.6x2.1xXx6.8m



Multicolumn
System During
Commissioning




Multicolumn Unit Official
Opening
13t December 2007



Multi-column Apparatus -
Progress so far...

SEWGS multiple-column unit:
Design and Procurement in Year 1
Year 2: Construction
Dec 2007: Commissioning complete
Jan 2008: Start experiments



Challenges for High Efficiency
Power Generation

30 bar CO, required for rinse
LP steam required purge
Steam + CO, leaves at low pressure
Limits heat integration options
Low pressure CO, product requires compression
Goals:
Minimise steam usage
Optimise rinse step
Optimise SEWGS cycle to optimise steam usage



CO, Removal from Power
Generation Processes
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Challenges for High Efficiency
Power Generation

Metal-dusting limits heat-integration
Optimal ATR feed preheating options
“Island operation” vs total integration

High GT fuel temperature increases
efficiency

However limits on feed temperature to GT



SP1-WP4 Sensitivity studies
& Cost effect

Efficiency, Power Cost CO, Cost CO,
% LHY | Production Avoided Captured
Cost €/tonne €/tonne
€/MWh

Current Design 41.7 85.0 121 85
Sensitivity 1 43.4 83.0 115 80
Sensitivity 2 44.9 81.4 110 77
Sensitivity 3 42.9 82.9 114 80
Sensitivityl+3 44.6 81.0 108 76
Sensitivity2+3 46.1 79.6 104 72




The Next Steps

Multicolumn system
Breakthrough test
Fully cyclic tests

System modelling

Optimisation of power generation cycle
Optimisation of SEWGS cycle



