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Q)
Challenges UKCCS

Cost-effective operation at ultra-high capture fractions

Successful deployment of PCC will rely on the ability of the plant to consistently achieve
high capture fractions

Capture fractions >95% up to 100% of the added fuel CO,

Design and analysis of solvent management strategies
Durable operation at higher degradation rates
Derisk the project financing and long-term viability

Approach

Process modelling in Aspen CCSI G e

Selected data from Sherman FEED study B eete st

- absorber height

https://www.osti.gov/biblio/1836563 - temperature profiles - UNIVERSITY
https://ukccsrc.ac.uk/open-access-sherman-feed/ - desorber pressure
https://doi.org/10.1016/j.egyr.2024.04.067

Focus on:
- lean/rich loading
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Lean loading, 0.1-0.12
molCO,/molMEA

Desorber pressure, 2.4 bar
Absorber, 3 bed - 24 m

Single or dual stage operation
Steam stripping

1st at desorber, 2nd at absorber
pressure

Energy and solvent recovered,
sent at the desorber
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SRD (GJ/tCO,)

Inflection point (1/2)

Effect of lean loading on the specific

reboiler duty for different rich loadings
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95% capture.
Desorber pressure, 2.4 bara

Lower rich loading results in:
higher solvent circulation and
increased latent heat losses

(lower equilibrium CO_ pressure)
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Inflection point (2/2) UKCCS
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" = swco,rmes r2av0s Eff@Ct Of different operating pressures and as a function

=@ BWW)/CO; stripped, P=2.0 bara

= sweo,srees. 170 Of the |lean loading. Rich is constant (0.45), capture is 95%

4.5 - == BWW/COQ, stripped, P=1.5 hara

 Low lean allow for increase mass transfer

« Overcome pinch, at the top of the absorber

 Higher desorber pressure is beneficial, in
terms of SRD

* Equilibrium CO, pressure above the solvent
increases, so low lean become achievable
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E. « Up to a point though, below which internal heat
‘ = e, recovery becomes ineffective and leaves with
=¥= SRD, P=1.5 bara CO2 product

Therefore, ultra-high capture requires

SRD (GJ/tCO3)

balancing lean loading and stripper operation
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Ultra-high capture, U-curves

2.4 bar, no intercooling, gross capture is 99%
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Case studies
CCGT
Cement
Steel
Refinery
Energy from Waste (EfW)

https://doi.org/10.1021/acs.iecr.4c04530
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Operational Envelope
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Constant lean
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~0.45 molCO,/molMEA
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UKCCS

Intercooling — Absorber profiles

The solvent is becoming ‘full’ thermodynamically Intercooling ‘refreshes’ the solvent thermodynamically,
even though chemically it still has capacity allowing mass transfer to continue
EfW, no intercooling EfW, intercooling
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100% capture (EfW)

Absorber height

Absorber diameter

Flue gas flowrate

CO, concentration (dry)

Flue gas inlet temperature
Lean to absorber temperature
Desorber pressure

MEA concentration (unloaded)
Lean Solvent Temperature
Gross capture

Intercooling (between 1st and 2nd bed)
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B, H=24m | 100% of the added fuel CO,
40- B 99% of the CO, contained in the flue gas
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- SRD=3.6 vs 3.4 GJ/tCO,
(100% vs 95%)

- Lean=0.12 lean
- Rich=0.46 rich

FCC EfW
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UKCCS

Thermal reclaiming

The reclaiming model evaluates one- and two-stage thermal reclaiming integrated with a 2.4 bar PCC

process, using conservative degradation assumptions and operating temperatures of 135-145°C to
quantify solvent recovery, degradation recycle, and energy penalties.

Continuous reclaiming operation
Equivalent to processing one full solvent inventory every 21 days @ — FHTAEIR -

During this period, the concentration of the degradation products and (S
HSSs in the solvent is roughly 4.4 wt.%, and this is below the threshold =
of 5.74 wt.%, reported in TCM. P—— -

Reclaiming slipstream:~0.11 wt%b of hot lean solvent flow \ .
Based on pilot-scale data from Technology Centre Mongstad (TCM) . e / B
Oxidative and thermal degradation products —

Solvent undergoes caustic treatment before reclaiming using NaOH M
Sodium acetate and sodium sulfate used as representative species
HEEDA as proxy for thermal (relatively high volatility)

01/07/2026
https://doi.org/10.1016/j.egypro.2017.03.1899

https://doi.org/10.1016/j.egypro.2017.03.1379
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Thermal reclaiming - Results UKCCS
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One-Stage Thermal Reclaiming

o Increasing water addition and temperature increases
both MEA and HEEDA recovery.
| One-stage reclaiming can achieve the highest MEA

recovery (~97%), but at the cost of very high

HEEDA recycle (~64%).

A A A . Two-stage reclaiming at 145°C achieves MEA
o~ MEALD'C - HEEDA13S'C -~ HEEDA L45'C recovery (87-94%) with substantially lower
Two-Stage Thermal Reclaiming deg radation uptake (23_320/0).

| The model predicts HEEDA concentrations of
s roughly 0.33-1.4 wt.% for the 2-stage.

| UNIVERSITY

Water Added to First Reclaimer (%)
—8— MEA 135°C —8— MEA 145°C -l - HEEDA 140°C

&~ MEA 140°C -M- HEEDA 135°C —M- HEEDA 145°C
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Thermal reclaiming - Results

%Increase of the equivalent electricity lost, due to thermal solvent reclaiming, from the
electricity lost in the desorber reboiler without reclaiming for two-stage reclaiming

Equivalent electricity lost due to the desorber reboiler duty is 41.35 MWe without reclaiming

B, 2-stage reclaiming
0.90% -

Steam Supply Electricity Lost per
Conditions Unit Heat

135°C, 3.15 bar
Desorber Reboiler steam (extracted at 0.234 MJ./MJ,,
3.5 bar)

152°C, 5 bar steam
(extracted at 6 bar)
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Thermal Reclaimer 0.277 MJ./MJ;,
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= Additional electricity loss is generally below ~0.8%.

= Qverall electricity loss is ~41.7 MWe
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Limitations mUKCCS
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Degraded-solvent VLE predicted using the Aspen Plus e-NRTL + Redlich-Kwong
model, as no fully parametrised thermodynamic model for the degradation mixture
was available.

Low composition of the degradation products in the mixture, the employed activity
coefficients may not deviate significantly.

Potential degradation of MEA during reclaiming at higher than desorber temperatures
has not been considered.

Caustic treatment is assumed to be 100% efficient with stoichiometric supply of
NaOH, and any possible side reactions, such as with CO, to make sodium carbonate,
are neglected.

Other MEA losses such as ammonia formation are not included in the model, although
they are accounted for in the TEA.

Despite these, the study delivers useful configurations, trends and operating windows for

efficient, durable operation that have been tested and validated in pilot plant campaigns.

- UNIVERSITY
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Techno-economics/CapEx

Discount cash flow analysis, for 95% and 100% capture, 24m absorber

95% CAPEX=£MM469

Miscellaneous
1%
Flue Gas
Conditioning
19%

Compression
16%

Solvent
Regeneration
20%

m Absorption Heat Exchangers B Solvent Regeneration
B Compression B Flue Gas Conditioning ® Miscellaneous
01/07/2026

100% CAPEX=£MM508

Miscellaneous
1%
Flue Gas
Conditioning Absorption
18% 27%

Compression
16%

Solvent
Regeneration
21%

H Absorption Heat Exchangers B Solvent Regeneration

B Compression B Flue Gas Conditioning ® Miscellaneous
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Techno-economics/OpEx - LCoC UKCCS

95% OPEX=£MMA46

Electricity MEA Waste disposal
£70/MWh £950/t £500/t

B OPEX B CAPEX
90

78.5 81.5

80

Reclaiming

0.01 70

+4.0%

100% OPEX=£MMS50 60

50 Increase in cost of capture

moving from 95% to 100%

£/t

40

30

20

10
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Techno-economics

(100% Capture)

CapEx is the dominant cost driver

Reduced SRD of 3.0 GJ/tCO, (e.g.
CESARI1, proprietary etc) will reduce
cost by 3.5%, i.e. from £81.5/tCO,
to £78.6/1CO.,.

This does not include potential £/t
increase due to increased solvent
management costs

01/07/2026

I CapEx £42.1

I Fixed cost £12.3

I Electricity £24.3 Il Solvent management £2.8

£90 A
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£70
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£10 A

£0

Cost breakdown
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Techno-economics

= Marginal cost of capture of transitioning from 95% to 100%

= Cost of DACCS £300-1,500 £/t

174.82

140.69

20m 24m

ETS Price (£/tCO,)
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Efficiency vs UK ETS exposure
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Net zero is achievable efficiently

Low lean loading (0.10-0.12) + 2.4 bar desorber + intercooling reaches 100% of added
fuel CO, at SRD < 4 GJ/tCO, across CCGT, steel, cement, FCC and EfW.

Reclaiming makes it durable

Two-stage at 145°C recovers 87-94% of MEA with only 23-32% degradation recycle
and <0.8% extra electricity loss.

And it is affordable

The transition from 95% to 100% capture increases overall capture cost by only ~4%,
while 100% capture becomes economically favourable under sufficiently high carbon
prices and/or lower electricity prices

- UNIVERSITY
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