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Topics

1. Basic principles of amine post-combustion capture (PCC)
2. Experience to date - Boundary Dam and Petra Nova
3. Key priorities for amine PCC in the light of problems on past projects

4. Examples of proposed new amine post-combustion capture applications, UK and elsewhere

5. How future UK power plants might operate under the Dispatchable Power Agreement (DPA)

See also:

Gibbins, J., Lucquiaud, M. (2021) BAT Review for New-Build and Retrofit Post-Combustion Carbon Dioxide
Capture Using Amine-Based Technologies for Power and CHP Plants Fuelled by Gas and Biomass as an
Emerging Technology under the IED for the UK, UKCCSRC Report, July 2021. Available from
https://ukccsrc.ac.uk/best-available-technology-bat-information-for-ccs/



https://ukccsrc.ac.uk/best-available-technology-bat-information-for-ccs/

Types of Carbon Capture technology that can be
linked to a CO, transport and storage system
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* Amines bond to CO, when cold and release it when warm

1. For some amines one molecule of CO, reacts with two amine molecules to form a carbamate and a
protonated amine, with a theoretical capacity limit of 0.5 mol CO,/mol amine.

: 2 R-NH, + CO, <> R-NH;* + R-NH-COO" (+ heat)
O
e.g. primary amines such as MEA: HO CO; HO _ ~ J\ - r~_-OH
8. \/\NHZ =2 N O H,N
Heat

2. For other amines one molecule of CO, reacts with one amine molecule to form bicarbonate and

protonated amine, with a theoretical capacity limit of 1 mol CO,/mol amine — typically sterically hindered
amines where R is a bulky group

R-NH2 + CO2 + H20 <> R-NH;* + HCO ;™ (+ heat)

CH
e.g. 2-Amino-2-methyl-1-propanol (AMP) HO\X 3
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* Numbers shown are typical ranges but they will vary between different amines/amine mixtures and
depending on how the PCC system is designed and operated

30-40% amine in

Nanm’ >99% purity CO, leaves with
water enters ‘lean’,

Flue gas with most, or all, some water vapour, which is

: with ~0.2 molecules Rich amine at ~100-
fossil CO, removed of CO, per molecule 140°C enters near the condensticéar:gcr:::rned to
of amine at ~40°C top of the stripper P
ABSORBER CROSS-FLOW HEAT STRIPPER
Large tower containing - EXCHANGER Large tower containing

corrugated packing to give
good gas/liquid contact.
Atmospheric pressure.

corrugated packing to give
good gas/liquid contact.
2-5 atmospheres pressure.

G

[
: IYYY )

Rich amine leaves Lean amine at ~120- Steam is condensed inside
with 0.4 -0.8 150°C leaves near the heating tubes to warm the
molecules of CO, per b ; I boil off
. . ottom of the stripper solvent, boil off water vapour
Flue gas containing fossil CO, 1 5lecule of amine at and split the amine-CO, bonds

40-50°C
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for-low-carbon-industry. Detailed report and cost calculation spreadsheet available
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for-low-carbon-industry. Detailed report and cost calculation spreadsheet available
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Effective heat supply for regeneration

* At low temperatures so of little value for generating electricity
* The PCC unit’s reboiler partially replaces the power plant’s steam condenser, where heat is rejected to cooling water
* Typically 4 or more units of heat can be supplied from a power plant for every 1 unit reduction in electricity output

* Important to use CHP plants to run PCC units in non-power applications to get the same benefit (or use waste heat)
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* Some electricity also needed.to run the PCC unit and to compress the CO,
HRSG Losses STG Losses EIectr|C|tY output from No capture
Gas Turbine and Steam
(0-5) (0-6) Turbine Generators |:> With PCC

Fuel to GT (100) STG (16.9, was 20.9)
Exhaust to HRSG Steam to ST
(61.5) (54.1) j
Based on Gilen, S. (2019) Combined | Stripper reboiler steam (16 - assumed)
Cycle. In Gas Turbines for Electric Power GTG Losses Stack Losses Condenser % from eIectricity, 3 from condenser

Generation (pp. 490-511). Cambridge:

Cambridge University Press (11) (69) (206, was 326) Around % of the steam flow extracted



World 1st: SaskPower, SK, Canada, 2014: Boundary Dam Unit 3 was rebuilt with PCC
A fully-integrated PCC system designed to capture ~90% of the Unit 3 CO,, ~ 1MtCO,/yr
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Preston (2015) Integrated Carbon Capture and Storage Project at Saskpower’s Boundary Dam Power Station, IEAGHG Report 2015-06. https://ieaghg.org/docs/General _Docs/Reports/2015-06.pdf



https://ieaghg.org/docs/General_Docs/Reports/2015-06.pdf

World 2"9: Petra Nova is a joint venture between
NRG Energy and JX Nippon Oil & Gas

Designed to capture ~1.6 MtCO,/yr from NRG Energy's WA Parish generating station southwest of Houston, TX
Became operational in early January 2017 - and shut down in mid 2020
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Reported capture costs for BD3 and Petra Nova

(GCCSI (2019) Global Status of CCS Report: 2019. https://www.globalccsinstitute.com/resources/publications-reports-research/global-status-of-ccs-report-2019/)

=120 = Capital cost e ‘Variable O&M'’ costs are likely to be predominantly
£ §100 B Fuel cost for solvent management and replacement.
e g Fixed O&M e Cost data normalised to 2017 values.
O c .
5 S 80 = Variable O&M - Stated accuracy range for Boundary Dam and Petra
|5 g Nova: -10% to +15%.
(@)
5 o% 60 - * Proprietary solvents reported as being used in these
—
o) rojects:
S S 40 Pro)
33 Boundary Dam 3: Cansolv DC-103
3 20 https://www.carboncapturejournal.com/news/saskpower-boundary-dam-project/2775.aspx?Category=allll
Petra Nova: MHI KS-1
O http://www.mbhi.co.jp/technology/review/pdf/e551/e551032.pdf

Boundary Dam Petra Nova

For Boundary Dam, which captures less than 1MtCO,/yr, annual costs for solvent replacement alone were stated by the
SaskPower chairman as $17.3M in 2015, $14.6M in 2016 (SaskPower, 2016) and reported to a government committee as
$13.6M in 2017 (SaskPower, 2018), against initially-predicted costs of S5M. These solvent replacement costs would be
consistent with the level of variable operation and maintenance (O&M) costs above.

SaskPower (2016) A Word from the President on Smart Meters and Carbon Capture and Storage, Blog on SaskPower web site, December 16, 2016.

SaskPower (2018) Letter to Herb Cox, Chairman, Standing Committee on Crown and Central Agencies, Government of Saskatchewan.
http://docs.legassembly.sk.ca/legdocs/Legislative%20Committees/CCA/Tableddocs/CCA%2061-28%20SaskPower%20Responses%20to%20questions%20raised%20at%20the%20June%2027,%202018%20meeting.pdf



https://www.globalccsinstitute.com/resources/publications-reports-research/global-status-of-ccs-report-2019/
http://docs.legassembly.sk.ca/legdocs/Legislative Committees/CCA/Tableddocs/CCA 61-28 SaskPower Responses to questions raised at the June 27, 2018 meeting.pdf
https://www.carboncapturejournal.com/news/saskpower-boundary-dam-project/2775.aspx?Category=allll
http://www.mhi.co.jp/technology/review/pdf/e551/e551032.pdf

Key priorities for amine PCC in the light of problems at
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Problem #1 - Not clear what has happened — many key details are omitted from reports on the grounds of
commercial confidentiality for the proprietary solvents being used
Problem #2 — Higher non-fuel operating costs than expected
Much higher than expected solvent management costs for BD3 reported to SK government committee
Petra Nova total operating costs shown by GCCSI are higher than the likely value of CO, for EOR (~$20/tCO,) -
and plant is shut down, so presumably unable to recover even its operating costs

Suggested Key Priority #1 — For projects that are only possible because of government support, require full
disclosure of key features and results, especially problems, to allow industry-wide learning by doing

Suggested Key Priority #2 — Test properly to avoid solvent-related surprises and have back-up options in case they
still happen:

Written guarantees for solvent performance are largely irrelevant if the liguidated damages are of the same
order as the licence fees, i.e. probably <10% of the total project value

The only assurance of future solvent performance is extended operation (order a year) on a realistic pilot plant
using the actual flue gas from the plant in question

Demonstrating fully adequate solvent reclaiming (separating good solvent from impurities) is critical

And plants need to be able to change to alternative solvents — useful anyway to take advantage of new
developments; this appears to be primarily a commercial rather than a technical issue.
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Amine selection for Post-Combustion Capture (PCC) should be based on a broad range of factors (i.e. not just energy use),

these include:

1. Health, Safety and Environmental performance — absolute standards have to be met

e Conversion of trace emissions of amines to nitrosamines in the atmosphere has to be assessed by modelling, an

area still being developed

 Maximum achievable capture level may be a differentiating factor - 95%+ capture a new requirement

2. Overall costs
* Competitive procurement of capture plant — capital cost and financing cost
* Running costs, including:
Cost of solvent replacement, including any recurring licence fees
Cost of solvent management (reclaiming, filtering, waste disposal etc.)
Cost of lost electrical output
Cost of residual emitted CO,
Maintenance costs
Unavailability costs

3. Opportunity costs

* Ability to modify/upgrade plant in service to correct faults (possibly major consequences)
* Ability to take advantage of learning and innovation (may be significant, especially over the plant lifetime)



Trade-offs in amine selection
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NETL (2015) DOE/NETL Carbon Capture Program—Carbon Dioxide Capture Handbook, August 2015.
https://www.netl.doe.gov/sites/default/files/netl-file/Carbon-Dioxide-Capture-Handbook-2015.pdf

“Primary and secondary amines typically have higher rates of reaction with CO, compared to tertiary amines.”

“Among various primary amines, MEA has the highest reaction rate, and blends of MEA and other tertiary or hindered
amines are typically used to exploit this feature while maintaining relatively-low reboiler loads. Primary/secondary
(mono)amines with a 1:2 stoichiometry have lower CO, carrying capacity compared to tertiary amines which bind 1:1

with CO,. Further, polyamines such as piperazine have a higher carrying capacity because they have two amine groups
per molecule.”

“Tertiary amines have higher CO, capacities but the reaction kinetics with CO, are significantly slower than primary and
secondary amines. Because the CO, carrying capacity is expressed in wt% CO, in the solvent, or the quantity of solvent
circulated to capture a unit quantity of CO,, the molecular weight and density of the solvent also play a role in
determining its volumetric or weight-based CO, carrying capacity.”

“From a health and environmental safety perspective, MEA is highly biodegradable, and has no direct adverse effects on
human health, animals, and vegetation. Other amine solvents such as AMP, MDEA and PZ are toxic and are not easily
biodegraded compared with MEA. The reaction of amines with NOx in the flue gas leads to the formation of
nitrosamines, which are carcinogenic. The reactivity with NOx varies with the amine structure.”


https://www.netl.doe.gov/sites/default/files/netl-file/Carbon-Dioxide-Capture-Handbook-2015.pdf
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* Main concern is conversion of emitted amines into carcinogenic nitrosamines and direct nitrosamine emissions
* Allowable levels in the environment are currently too low to measure directly and have to be estimated by modelling
* |Impact depends on:
Amount and type of amines and other species in the vented flue gas (plus amines emitted from other plants)
Amounts of other species, principally NOx, in the atmosphere to react
Atmospheric conditions, such as water vapour/droplet, sunlight, wind for dispersion
* UK likely to have multiple amine and other pollutant A. Determine the possibilities for

I . . environmental impacts from
ermssmn sourcgs in futur.e FCS clusters, aI.I of which emissions by solvent selection
will need to be included in impact modelling

* Range of measures to control emissions — see right:

e Seminar from the Environment Agency on 10 August

PCC
Emissions
Control Triangle

B. Reduce degradation and impurity
addition rates and accelerate degradation C. Trap potential emissions
production and other impurity removal rates at the absorber exit
(all additions must be balanced by removals)

D. Dilute and disperse emissions



Ensuring satisfactory environmental performance
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A. Determine the possibilities for Solvent selection locks in the potential for different types of emissions and the impacts of those emissions
environmental impacts from due to the toxicity of the substances, also potential rates of formation and removal of unwanted substances:
emissions by solvent selection a) Potential for absorber stack emissions and environmental impacts

* Direct emissions of solvent components

*  Formation of additional substances in the PCC system and emissions of those substances

*  Formation of further additional substances in the atmosphere from emissions from the PCC system

b) Potential for solvent reclaiming

* Primary: can unwanted components realistically be removed from the solvent inventory during operation to
avoid impurity accumulation and the formation of degradation products?

* Secondary: can a high fraction of good solvent be recovered during reclaiming?

* Reclaiming rate can be adjusted to compensate for rates of formation/accumulation

B. Reduce degradation and impurity addition rates and accelerate
degradation production and other impurity removal rates
(all additions must be balanced by removals)

Flue gas cleaning can reduce the following, but hard to get to zero

* SOx — affects solvent consumption but limited effect on emissions

* NOx-—impact on emissions varies with solvent Absorber exit measures

* Aerosols —may not be present, but serious if they are Water wash — effective against amines but not NH,

* Materials that accumulate as impurities in the solvent (metals, *  Acid wash — effective against NH; and amine vapour
chlorine, fly ash etc) loss, less so for mist

Absorber operation * Droplet removal —required after washes

* Peak temperatures in the stripping process * Elevated lean solvent & wash temperatures to avoid

* Minimising the effect of oxygen (reduced residence times - mist — only of benefit if aerosols in the flue gas,
direct O, removal not demonstrated at scale) otherwise disbenefits

PCC
Emissions
Control Triangle

C. Trap potential emissions at the absorber exit

Remove unwanted impurities e Other engineered measures possible
*  Must have solvent reclaiming technique available that removes all
impurities to avoid accumulation D. Dilute and disperse emissions

*  Other partial removal techniques may be helpful if they reduce the [l heatine to aid plume dispersion
need for reclaiming by targeting critical components ue gas heating 1o aid plume dispersio



Estimated variation in additional electricity cost for
retrofit to a natural gas combined cycle power plant
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using MEA and various proprietary solvents

Additional 45
S/MWh  4q
35

30

25

20

15

10

MEA 30%w/w  Alstom BASF Fluor Cansolv

Nexant (2016), World Bank Pre-Feasibility Study for Establishing a Carbon Capture Pilot Plant in Mexico - Full-Scale Poza Rica NGCC PCC Retrofit
Incremental Electricity Cost (S/MWh) for 85% CO2 Capture, https://www.gob.mx/sener/en/documentos/pre-feasibility-study-for-establishing-a-carbon-
capture-pilot-plant-in-mexico?idiom=en , download https://www.gob.mx/cms/uploads/attachment/file/107318/CCPP_Final Report.pdf



https://www.gob.mx/sener/en/documentos/pre-feasibility-study-for-establishing-a-carbon-capture-pilot-plant-in-mexico?idiom=en
https://www.gob.mx/cms/uploads/attachment/file/107318/CCPP_Final_Report.pdf
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From: https:

PCC plant at Tata Chemicals Northwich site (Cheshire), with a £4.2M BEIS grant — 40,000 tCO,/yr capacity
Pentair Union Engineering’s Advanced Amine Technology (AAT) using 35%w/w MEA with continuous reclaiming. Reference list
of over 20 PCC plants in the size range 30-150 tCO,/day and operated on a range of flue gas, mostly from firing natural gas in
b0|Iers gas engines or turblnes for extended perlods to produce COZ for ut|I|sat|on



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/929282/BEIS_-_CCUS_at_dispersed_sites_-_Report__1_.pdf
https://www.tatachemicalseurope.com/about-us/carbon-capture-utilisation
https://www.tatachemicalseurope.com/about-us/carbon-capture-utilisation
https://clancy.co.uk/project/carbon-capture-plant-tce/

Possible UK PCC #2: New-build/retrofit on CCGT
(including CHP)
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View of a five-train CCGT+PCC new-build power plant concept

SNC-Lavalin UK Limited, AECOM, University of Sheffield (2017) Thermal Power with CCS - Final Project Report, ETI.
https://doi.org/10.5286/UKERC.EDC.000897 , https://ukerc.rl.ac.uk/ETI/PUBLICATIONS/AdHoc CCS CC1025 3.pdf

(These materials are taken from a project, funded and commissioned by the ETI. Further details of the Project (including the parties who delivered the project) can be found at
www.eti.co.uk. The Document contains materials protected by copyright licensed under this ETI Open Licence, see https://www.eti.co.uk/data/open-license?assetld=21745)

For a full FEED study (~200 documents) for a 1MtCO,/yr PCC retrofit to a CCGT in Norway

see also https://ukccsrc.ac.uk/open-access-carbon-capture-and-storage-at-karsto-norway/



https://doi.org/10.5286/UKERC.EDC.000897
https://ukerc.rl.ac.uk/ETI/PUBLICATIONS/AdHoc_CCS_CC1025_3.pdf
http://www.eti.co.uk/
https://www.eti.co.uk/data/open-license?assetId=21745
https://ukccsrc.ac.uk/open-access-carbon-capture-and-storage-at-karsto-norway/

Possible UK PCC #3: New-build/retrofit on biomass
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* This is a retrofit study for a brown coal power plant in Australia, but fuels have some similarities.

Bechtel (2018) for CO2CRC, Retrofitting an Australian Brown Coal Power Station with Post-Combustion Capture, http://www.co2crc.com.au/publication-category/reports

* Some special features
are:

a) 40% MEA open-access
study

b) SOx removal in DCC;

c) Stack gas heater at top
of absorber;

d) Continuous reclaimer

° = Stream Designations
(Refer to Table 5.7-1

PCC Process Overview
Flow Diagram

No Exhaust to for stream data) Treated Gas to
Atmosphere Atmosphere
° Compressor
'_ _‘ Stack cwW
»— Existing Gas : CO,to
Multiple-Flue Heater gtn%per Pipezline
Stack ondenser
Stripper
Reflux Drum
o Reclaimer heat
Existing goes back to the
Exhaust Existi i Stripper H
Duct Existing Absorber | 4-@ ® stripper so small
ac i
Water
Flue per
ESP Train st © - : . energy penalty
(2 Trains 1
per Unit) c f S L o :’i\:ﬁ\:ﬁ\'
ean i From LYA
° Amine Power Plant
. Cooler Existing ST
IP Section
Lean/
e Bee Rich
team** * Amine
(Kettle Boiler) New Heat
Flue Gas Exch
From €) NExchanger
Existing
Duct °
Heat | CwW
Recovery o 4 o
Exchanger » y ° @
Booster Fan o : Rich Amine Lean Amine
*DCC could be located in lowest @ .
absorber column position BR:t(c::'l?PeZ:j Recliimer
**Feeds the stripper reboiler DCC Condensate Residue
to Power Plant Pond (Caustic injection to DCC

and reclaimer not shown)


http://www.co2crc.com.au/publication-category/reports

Possible UK PCC #4: Retrofit on
incinerators

 Example here is at an AVR plant at
Duiven in the NL

X
£ 1

* Generic MEA design provided by
engineering firm TPI

* 100 ktCO,/yr capacity

» Sales to the greenhouse horticulture
sector via, business partner, Air Liquide.

i
i
1

* NL waste sector will be able to capture
more than 2 million tons of CO, in the
foreseeable future.

e Other plants being built, some with
proprietary amines

e NL CCS overview in this seminar series
on 29 July

R S . T CHEN G i i ST SRS T T S Sl o
From: https://www.avr.nl/en/co2-installation/first-tons-of-co2-captured-from-residual-waste-supplied-to-greenhouse-horticulture/



https://www.avr.nl/en/co2-installation/first-tons-of-co2-captured-from-residual-waste-supplied-to-greenhouse-horticulture/

Possible UK PCC #5: PCC retrofit on an SMR

Study for BEIS by Wood, formerly Amec-FW. Report and spreadsheet available.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/864688/BEIS Final Benchmarks Report Rev 4A.pdf

* Steam Methane Reformers use burners venting to the
atmosphere to generate heat to react methane with steam
(more details in next lecture)

e CO, then has to be captured from the combustion flue gases
for high capture levels

* Overall CO, capture levels just from the process gas in an
SMR reported to be limited to 55-70% (IEAGHG 2017-02%*)

e Overall CO, capture levels from flue gas depend on PCC plant
design and operation, might be as high as 99%

Steam

Natural
Gas

* IEAGHG 2017-02, SMR based H, plant with CCS
https://ieaghg.org/component/content/article/49-publications/technical-

reformer
flue gas
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Exhaust
Gas to

atmosphere

Post-combustion

CO, Capture
(amine)

Air for combustion

PSA tail gas
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CO, Compression
& Dehydration

| ©,

CO,

Syngas
Separation
(PSA)

reports/784-2017-02-smr-based-h2-plant-with-ccs Air

PSA = Pressure Swing Absorption



https://ieaghg.org/component/content/article/49-publications/technical-reports/784-2017-02-smr-based-h2-plant-with-ccs
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/864688/BEIS_Final_Benchmarks_Report_Rev_4A.pdf

Possible UK PCC #5b: Integrated PCC on SMR + GT
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UKCCSRC has developed an integrated configuration intended to cut the cost of producing hydrogen+electricity
https://www.frontiersin.org/articles/10.3389/fenrg.2020.00180/full

Instead of using air for the SMR burners it is possible to use gas turbine flue gas (this is already done on some

commercial plants)

The CO, from the SMR and the GT can then be captured in a single flue gas stream

This is expected to reduce overall energy consumption and cost, compared to building and operating PCC on an SMR
and a CCGT separately

SMR integrated
with a gas turbine
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https://www.frontiersin.org/articles/10.3389/fenrg.2020.00180/full
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Possible UK PCC #6: Retrofit to industrial sources

* Sources could include:
Refinery heaters
Glass furnaces
Cement kilns
Limestone kilns

Any flue gas source
* May be space issues for retrofitting
e Also flue gas may be hot and contain excessive amounts of SOx, NOx, particulates etc.
* Need to supply heat to stripper effectively — waste heat is best, or install good-quality CHP, also with CCS

e Can separate absorber and stripper - multiple absorbers on distributed flue gas sources could share a common larger
stripper and compressor

e Can also consider substituting hydrogen for fossil fuels, but:

Won’t address process emissions e.g. cement, lime

If hydrogen displaces ‘waste’ fuels (e.g. in refineries, steelworks) then the waste fuels must be burnt elsewhere with
CO, capture



Norway PCC: Retrofit to cement plant
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* Uses residual heat to capture
approximately 400 ktCO,/yr, 50% of the
emissions at Norcem’s Brevik cement
plant

e PCC with Aker amine solvent

* Core of Norway’s ‘Longship’ CCS
programme

https://www.norcem.no/en/CCS ; https://ccsnorway.com/

Main grid station

CO; pipe rack to
CO; tank farm

CO; Tank farm

New Limestone
storage (by others)

Compressor Process i
building area Centre


https://www.norcem.no/en/CCS
https://ccsnorway.com/
https://ccsnorway.com/wp-content/uploads/sites/6/2020/07/NC03-NOCE-A-RA-0009-Redacted-FEED-Study-DG3-Report-Rev01-1.pdf
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* UKCCSRC/TERC research? suggests even 99% capture may be possible with 35% MEA — this is all the fossil CO,!
* >95% capture levels also demonstrated recently with ~35% MEA at Test Centre Mongstad®
* 95% likely to become the design level for power PCC in the UK

* Dispatchable Power Agreement (DPA)¢ incentivises higher capture levels

a) https://terc.ac.uk/news-events/register-here-a-webinar-on-delivering-ultra-high-post-combustion-co2-capture/ b) https://papers.ssrn.com/sol3/papers.cfm?abstract id=3821061
c) https://www.gov.uk/government/publications/carbon-capture-usage-and-storage-ccus-business-models

35% MEA, 24m absorber packing height, 11.8 m diameter
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https://terc.ac.uk/news-events/register-here-a-webinar-on-delivering-ultra-high-post-combustion-co2-capture/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3821061
https://www.gov.uk/government/publications/carbon-capture-usage-and-storage-ccus-business-models

PCC can also capture at a high level while power
plants are starting and stopping @
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* Issue being addressed is GT starting up and running before steam is available to regenerate PCC solvent

* The DPA (reasonably) penalises CO, emissions all times

* Solution is to store lean and rich solvents in tanks so that absorber can be run independently of the stripper

A=COM

4

At start-up: Bypass cross-exchanger on absorber
side completely. Run stripper side through both
sides of cross-exchanger to warm up alongside
column

I—» CO2 Export )

Then transition bleed and feed of rich/lean solvent
between the two circulating loops until fully
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AECOM (2020) for BEIS, Start-up and Shut-down times of Power CCUS Facilities.

https://www.gov.uk/government/publications/start-up-and-shut-down-times-of-power-carbon-capture-usage-and-storage-ccus-facilities
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https://www.gov.uk/government/publications/start-up-and-shut-down-times-of-power-carbon-capture-usage-and-storage-ccus-facilities
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PCC performance and cost is expected to be competitive compared to other options for power and some industry

Some lessons to be learned from problems on the two large PCC projects to date:

a) For projects that are only possible because of government support, require full disclosure of key features and

results, especially problems, to allow industry-wide learning by doing

b) Test properly, with reclaiming critically important, to avoid solvent-related surprises and have back-up options in

case they still happen

Trade-offs in solvent selection, with no ideal combination of properties — but health, safety and environment have to

take priority

Limited public domain data on proprietary solvents, but some evidence of similar overall costs for a number of

alternatives in a feasibility study comparison

Although practical experience with at least one actual project shows proprietary solvent operating costs can be

significantly higher than predicted

Post-combustion capture using amines has many potential applications in the UK, and globally

High levels of capture, 95% and above, are becoming the norm to meet net-zero requirements





