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Likelihood of limiting warming below a specific temperature limit (%) over the twenty-first century

8%

(0-56%)
0%
(0-7%)

Current policies
Scenarios: continuing

Emissions Gap Report 2025: Off target — Continued collective inaction puts global temperature goal at risk (https://doi.org/10.59117/20.500.11822/48854)
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SSE Thermal

VISION: To be the leading provider of flexible energy in a net zero world
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SSE Thermal

Scottish Cluster

Peterhead Carbon Capture
Capacity: 750 MW | 1.5MT of CO,, per year

Consortium: Mitsubishi, Worley and Technicas Reunidas (FEED Phase 1 complete 2025, Phase 2 2026)

Humber Cluster

Keadby Carbon Capture
Capacity: 750 MW | 1.5MT of CO, per year

Consortium: Aker (SLB Capturi), Siemens, and Doosan (FEED complete in 2024)

. @ sse
Thermal



EISXXX: Effects of carbon capture storage plant on
thermal power station operation

1%t edition

Published by
ENERGY INSTITUTE, LONDON

The Energy Institute is a professional membership body incorporated by Royal Charter
2003

Registered charity number 1097899

Effects of carbon capture storage plant on thermal power station operation was
developed by Daniel Mullen, Xiaomian Baxter and Paul Kieran at SSE Thermal and Jon
Gibbins and Mathieu Lucquiaud at the University of Sheffield at the request of the El
Power Systems Committee (PSC).
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Dispatchability in Power CCS

« CCUS plants have traditionally been designed to operate primarily under
steady-state conditions.

» This was primarily driven by the operational profile of the facilities and
NOT a fundamental technical limitation.

« BUT operating dynamically in response to a variable demand and/or flue
gas flowrate and composition from the power facility poses challenges for
CCP designers.

* |[f unmitigated, the inclusion of a “standard” steady state CCP design will
affect the effectiveness of the CO, capture process under dynamic
conditions, limiting the ability to capture & export CO, or meet emission
limits.
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Power plant and CCP interfaces
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Data Sources

 Academic literature and 15 FEED studies

Power plants: 8 natural gas & 7 coal

Amine solvents: 8

CO, Capture: 3,000 (1.1) - 23,000 (8.5) TPD (Mtpa)
CO, Concentration: 3.9 — 13.6 vol%

CO, Capture fraction: 85 — 95%

Flue gas: 965,000 - 7168,000 Nm?3/hr

UK 3, Norway 1, USA 11
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Key insights

Steam supply:
* IP- LP crossover or LP superheater preferred, small amounts of HP/IP steam often required
» Fired boiler increases cost and footprint and reduces efficiency

Steam turbine:
* Reduced throughput can cause output and efficiency losses
« Control valve likely required on the IP/LP crossover

Dynamic operation and flexibility:
* Independent steam generation increases flexibility but increases CAPEX, footprint and can reduce reliability
» Multi-train CCPs designs increases turndown capacity and uptime
* Integration between power plant controls and the capture plant control system is critical
+  Warm keeping of the CCP during plant shutdown can accelerate startup sequences
« Early steam from power cycle and solvent storage can increase flexibility

Trip events:
» Flue gas fan(s) trip poses significant risk of back pressure buildup in the HRSG and GT
* Dynamic simulations are useful in testing control strategies
« ST could trip due to a rapid intake of steam during CCP trip

Cooling duty:
» Substantially increased
« Steam extraction will reduce the increase vs standalone boiler
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Key insights

* Flue gas extraction:
* Long runs increase CAPEX and pressure drop but may be unavoidable
* Major rework to existing stack required for retrofits
» Corrosive environment due to condensing vapour
* Flue gas clean-up is essential for coal flue gases
» Selective catalytic reduction may be required
» Parrell absorbers require control to ensure even flow distribution

+ Value engineering:
* Modular construction is recommended
+ EGR for CCGTs may offer VFM
« Using carbon steel vs stainless where permitted can reduce construction costs
» P&F offer benefits over S&T for LP applications but require regular cleaning and gasket replacements
* Fogging over a DCC can reduced costs and footprint but cannot cool below dew point and will not remove impurities
* Compression intercooler heat recovery may VFM
* Reusing existing infrastructure can offer savings, but it is not always feasible

* Emissions:
+ Water washes, acid washes, dry bed and demisters can help mitigate emissions, but requirements is solvent specific
» Dispersion modelling is highly recommended and may be a legislative requirement
* Increased visibility of the plum from the stack expected, flue gas reheating can partially mitigate
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Key insights

Utility demand:
« Willincrease, and varies considerably between studies
* Aux power requirements of between 150-250 kWh/tCO..

+ Solvent management:
* Requires extended operational experience to ensure degradation and management techniques are well understood

* Reliability and availability:
+ CO, compressor(s) and flue gas fan(s) high reliability risk items
* Flue gas bypass reduces reliability risk for host plant
» Outages between the host plant and CCP should be coordinated

* Maintenance and maintainability:
« Online maintenance of specific equipment (e.g. HX) beneficial
» Ongoing and extensive corrosion monitoring systems required, particularly in amine and wet CO, service.

* Labour requirements:
« Circa 10-40 full time equivalent employees
» Operator requirements more akin to a chemical facility

+ Waste management:
« Will introduce hazardous waste steams which require specialised disposal routes

« Safety:
* New hazard sources (amine handling, CO, risks, and fire/explosion zones) will be introduced

+ Control integration:
» Interface between host plant and CCP control systems is a key challenge.
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Footprint (CCGT with CCP)
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Footprint (CCGT with CCP)
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V = Flue Gas flow rate (KNm?/hr)
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CAPEX (CCGT with CCP)

4000

3500

3000

y=1130.4ln(x) - 8524.1
R*=0.8587

2500

CCP CAPEX ($M year x) =
Deer Park CEPIx ICCI

- 800.2 120

2000

« [1130.4 * In(TPD) —8524.1]

Plant Barry

1500

CAPEX ($M 2024)

1000 PHCC

500 Elk Hills

Karsto

0
2000 4000 6000 8000 10000 12000 14000 16000

CO, Capture Capacity (TPD)
2024 CEPI=800.2 & location normalised to US gulf coast (ICCl = 120).

@ sse
Thermal



THANK YOU

For a better
world of energy
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