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FOCUSS is funded by DESNZ under the Carbon Capture, Usage
and Storage (CCUS) Innovation 2.0 competition



Questionnaire and covering email

As part of the FOCUSS project, we have decided to organise
a workshop to identify any additional nuances of startup,
shutdown, and transience abatement in Post-combustion
CCS, which may not currently be captured in the scope of
FOCUSS. The high-level areas for discussion are detailed in
the attached terms of reference.

Ahead of the workshop, we have prepared a brief
guestionnaire, which will help gauge and direct the
discussion. We ask that all attendees complete this before
the workshop. All responses will be anonymous by default,
and no emails will be recorded. The link to the
guestionnaire is below.

Pre-workshop Questionnaire: https://forms.gle/xxxxxxx

As well as FOCUSS IEG members, this workshop will also be
open to a wider audience of BAT stakeholders. A formal
event page will be issued on the UKCCSRC website early
next week. However, the link to the workshop is below.

CCS BAT Review - Questionnaire

All submissions are confidential by default and no email addresses are recorded unless
provided

()

£a Not shared

1. What is your main area of involvement in CCS?

O OEM/technology supplier
O Regulator/Governmental body
O Plant Owner/Operator

O Academic Research

(O other:

2. Do you see a challenge in achieving a net 95% CO2 capture rate over a 4hr time
period during Start-up & Shut-down on CCS plants?

O Yes
O No



3. Please rank in order of importance main challenges to achieving this?
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O
O
@)
O
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4. Please explain the reason for this selection

Your answer

5. Please detail any additional challenges you foresee

Your answer

@)

O 0O O O O O

O

O O O O O O

O

O O O O O O

6. Is there a technological solution available/viable to the challenges faced?

Your answer

7. Do you envision venting CO2 during Start-up and Shut-down in sufficient
quantities as to compromise overall CO2 capture rate

O Yes
O No

8. Please explain your answer

Your answer

9. How do you intend to source CO2 for compressor start up?

Your answer

10. What do you estimate the cost of achieving a net 95% CO2 capture rate (Cost of
CO02 avoided) over a 4hr time period during Start-up & Shut-down is?

(O o0-50£1c02
(O 50-100 £/1C02
(O 100-150 £/tc02
(O 150-200 £/tC02

(O +200 £/1c02

11. What would you like to see addressed in future research projects?

Your answer

12. Should Start-up & Shut-down CO2 emissions be excluded from the calculation
of annual net CO2 capture rate?

O Yes
O No

14. Optional - If you wish please include your company name helow

Your answer

15. Optional - If you wish please include your contact information below

Your answer

16. Any additional comments?

Your answer



Responses to questionnaire (anonymous)

1. What is your main area of involvement in CCS?

13 responses

@ OEM/technology supplier
@ Regulator/Governmental body
© Plant Owner/Operator
ﬂ @ Academic Research
@ EPC Contractor
@ Tech development at large scale
@ Engineering




2. Do you see a challenge in achieving a net 95% CO2 capture rate over a 4hr time period during
Start-up & Shut-down on CCS plants?

13 responses

@® Yes
® No




3. Please rank in order of importance main challenges to achieving this?

N1 EN2 W3 ENs EES5 Emc w7

Flue gas impurities Avalibility of Regeneration Energy CO2 Compression CO2 export quality Plant Layout Increased CAPEX Increased OPEX

Rank Weighted Score

Flue Gas Impurities 1 5.31

Increased CAPEX 2 5.29

Weig hted score = Z Score COo2 Expor.t quality 3 4.57
Rank Regeneration Energy 4 4.46

Increased OPEX 5 3.93

Plant Layout 6 3.69

Compression 7 3.17



Please explain the reason for this
selection

* Amine regeneration requires the plant to be kept warm, warmed up or surplus amine for transition storage. Process plant needs to
achieve steady operation - this requires constant operator attention and involvement.

* Ability to supply regen energy depends on read availability of heat and power, both of which will result in increased CAPEX

* Thisis clearly a problem that can be solved by money, but there are interesting challenges around the startups and shutdowns to
consider.

* From hot condition with regeneration energy available the CO2 production can start immediately, in other conditions some kind of
modifications are needed

* Best guess, good experience on CO2 compression
* Cost of capture technologies, detrimental effect of some impurities on the solvents

* Emission rates of flue gas impurities during s/u & s/d are not well understood and the long term impact of these impurities on
amine are also not understood. | don't believe these challenges are insurmountable, but will require further work to understand
the issues and develop solutions.

* Time to purge system to remove impurities and to heat system
* CAPEX important but likely 'smallish' issue for flex mods. Main issue is getting regen energy to process and meeting CO2 spec.

* For a CCGT station fitted with a capture plant, part of the steam going into the steam turbine is used for solvent regeneration
(reboiler). During the start-up process, it takes time for steam to build to the right temperature and pressure so that it can be sent
into the reboiler. Hence, it can be difficult to abate those initial emissions when the gas turbine units are fired up.



Please detail any additional challenges
you foresee

* Process plant needs to acheive steady operation - this requires constant operator attention and involvement. Plant will need to be
overmanned unless start-up, shutdown times are fixed in advance. Reliability - process plant equipment is usually designed for
continuous operation and reliability is usually significantly degraded by start/stops. Will require more robust, expensive equipment
purchases and monitoring equipment.

* very high capture rate demands very high or 100% flue gas extraction from the power plant, the integration between power plant
and capture plant is therefore important and probably will need some kind of very fast acting dampers and a very good
automation system

* Collaboration with carbon capture process licensors.
* preference for power use instead of steam use

* Convincing suppliers of PCC systems to warranty plant performance and amine degradation given lack of data on flue gas
composition and its effect on amines. Getting people to accept additional cost and inconvenience of capturing s/u and s/d
emissions.

* Conditions in pipeline



|s there a technological solution
available/viable to the challenges faced?

* The use of auxiliary power to provide steam may be a possibility

* Yes, at cost

* Anintegrated solution with adequately sized equipment and a ready supply of energy

* | think that storage of CO2 within the capture system can solve this, but quantifying the how and why will be important.
* |assume so, the most challenging may be energy (steam) availability at start-up (for cold start up specifically)

* Likely yes but high significant additional CAPEX

* partial solutions only

* Recycle schemes may be necessary to achieve on-spec CO2 for export without resorting to venting (or allowance for short term
deviations).

* Steam sources, technology
* Solvent storage

* Yes, bigger water/acid wash



7. Do you envision venting CO2 during Start-up and Shut-down in sufficient quantities as to
compromise overall CO2 capture rate

13 responses

@® Yes
® No




Please explain your answer

Although have answered yes it is too early to tell and depends upon the infrastructure requirements and operational
requirements.

If it is every day
In theory, venting can be minimised with proper design and startup procedure.
This really depends on the number of startups and shutdowns. If they are minimal, then no. But if they are fairly frequent, yes.

To my knowledge this has not yet been proven, so we need experience on this matter, everything needs to be "perfect" to have
export quality product and compression system ready for export already from the first instance of start up

Depends on the frequency of starts/stops

Depending on duty cycle and plant design, may be more economical or if PCC system supplier is unwilling to warranty
performance/longevity.

Depends on dispatchable operation
Probably some need for venting

Venting CO2 into the atmosphere should not be an option as it does not adhere to the goal of achieving Net Zero emissions.



How do you intend to source CO?2 for
compressor start up!

Avoid venting the existing inventory fully after first startup.

* From the carbon capture system; there will need to be a buffer.

* Depends on the compressor system, may be there will be a need for buy-back from the pipeline/export system
* Assumed available from the capture plant at time of requirement, CO2 storage possible with extra CAPEX.

* Study possibility to start with nitrogen. Will require time to purge system

* Storage or import from network

* Unsure



10. What do you estimate the cost of achieving a net 95% CO2 capture rate (Cost of CO2 avoided)
over a 4hr time period during Start-up & Shut-down is?

8 responses
@ 0-50£tCO2
@ 50- 100 £t1CO2
@® 100 - 150 £/tCO2
@ 150 - 200 £/tCO2
@ +200 £/tCO2




What would you like to see addressed in
future research projects?

* You need to build some now. You need more operational experience to develop technologies further after decades of research
now

* Dynamic simulation of total system including integration with the power plant, how to run the plant to achieve target capture rate
at the lowest possible penalty

* Definition of CO2 pipeline standards

* Quantification of s/u and s/d flue gas impurities and the impact of these impurities on amines. Demonstration of s/u and s/d
strategies with full CO2 capture and successfully achieving export specifications.

* Impact of short-term impurities on pipeline operation
* Game-changing solvents!
* Solvent design to explore designs that require less water. This will enable lower SRDs.

* More creativity in technology solutions enabling smooth start-ups and shut-downs, follwoed by testing at pilot units



12. Should Start-up & Shut-down CO2 emissions be excluded from the calculation of annual net CO2
capture rate?

13 responses

@® Yes
® No




Any additional comments!

* To question 12: | think the most important parameter is CO2 footprint of produced electricity, kg CO2/kWh. Some CO2
will be emitted, but we should not make requirements so strict that we do not build power with CCS. It is a good option
with very high overall energy efficiency (>54%).
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