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1. Introduction 

1.1 Purpose and Context 

1.1.1 Future operating profiles for both ‘unabated’ and ‘abated’ (in terms of CO2 emissions) gas 

utilisation for power generation remain uncertain, influenced by market dynamics, policy 

interventions, and system reliability needs. This sensitivity analysis evaluates the robustness of 

the Proposed Development’s carbon benefit under a scenario where utilisation declines for both 

unabated and abated gas. 

1.1.2 The greenhouse gas (GHG) assessment in Chapter 7 (ES Volume I) assumes the Staythorpe 

Power Station (‘the Power Station’) operates at business-as-usual (BAU) utilisation throughout 

the study period (2031–2061), both under the Future Baseline scenario (‘unabated operation’) 

and the with-Proposed Development scenario (‘abated operation’). BAU is defined based on 

how the plant has operated historically, with assumed future utilisation representing the average 

operational fuel and material consumption at the Power Station between 2021–2023. This 

assumption has been adopted as a pragmatic basis for assessment, reflecting the need for a 

consistent reference point, and amid uncertainty about future operating profiles. BAU utilisation 

serves as the reference point for assessing the effects of introducing the carbon capture plant 

(CCP) to reduce GHG emissions from the Power Station. This sensitivity analysis compares 

lifecycle emissions and assesses the robustness of the carbon benefits of the Proposed 

Development under decreasing utilisation conditions. 

1.1.3 At a national scale the use of unabated natural gas generation is expected to decline, reducing 

annual operational hours for gas-fired plants. Abated gas utilisation (i.e. with carbon capture and 

storage (CCS)) is expected to peak around 2030 then to reduce steadily over time (albeit 

dependent on other energy sources replacing it), however it remains an important contributor to 

system reliability beyond 2050. Because CCS-equipped power plants are expected to operate for 

a higher number of annual operating hours in the future than unabated plants, which are 

progressively curtailed, future cumulative natural gas use is expected to be higher in abated 

power plants than in unabated plants. 

1.1.4 This sensitivity analysis therefore addresses two distinct questions: 

• Comparison 1: Alternative operating scenario 

How do net GHG emissions change when both the Future Baseline scenario, and the 

Proposed Development scenario, reflect declining utilisation of the Power Station? 

• Comparison 2: Carbon payback  

How quickly does the Proposed Development provide sufficient GHG reductions (compared 

to the Future Baseline scenario) to offset the embodied carbon associated with building it?  
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2. Alternative Operating Scenario 

2.1 Methodology 
Data Source 

2.1.1 The Future Energy Scenarios (FES)1, published by the National Energy System Operator 

(NESO), outline a range of credible pathways for Great Britain’s energy system to 2050, 

reflecting different assumptions on technology adoption, policy ambition, and consumer 

engagement that might emerge. These pathways are not site-specific but represent credible 

national-level trends. 

2.1.2 The FES Data Workbook 20252 provides capacity (MW) and generation (TWh) projections 

individually for: 

• Unabated gas (Gas CCGT) – which largely reflects the Future Baseline scenario; and 

• Abated gas (CCS Gas) – which largely reflects the with-Proposed Development scenario. 

2.1.3 Capacity and annual generation can be used to estimate annual utilisation (number of operational 

hours): 

 

Generation (MWh/year) / Capacity (MW) = Utilisation (hours/year) 

2.1.4 Therefore, this sensitivity analysis considers how the net difference in GHG emissions between 

the Proposed Development and the Future Baseline changes when future operational hours differ 

for abated and unabated gas plants. 

2.1.5 Holistic Transition is one of the four FES pathways and was selected as the most stringent test 

for the GHG assessment of the Proposed Development. Under this pathway, net zero is reached 

through a balanced mix of electrification and hydrogen, supported by extensive energy 

efficiency improvements and widespread demand shifting. Holistic Transition is characterised 

by high renewable capacity, moderate nuclear build‑out, and the lowest reliance on hydrogen 

dispatchable power of all net‑zero pathways. Unabated gas falls sharply through the 2030s and is 

fully removed from the system by 2050, while gas with CCS and flexible storage/interconnectors 

provide the remaining dispatchable capacity required to provide system flexibility and to 

respond to daily fluctuations in electricity demand.  

2.1.6 Comparison of projected utilisation across all four FES pathways identified Holistic Transition 

as the most stringent test because it combines a significant reduction in unabated gas with 

relatively high utilisation of abated gas (compared to unabated gas). This dynamic creates the 

smallest emissions gap between the Future Baseline and Proposed Development scenario, 

making it the most challenging case for demonstrating a carbon benefit. 

2.1.7 FES pathways reflect national, system-wide projections rather than site-specific forecasts for the 

Power Station. Similar trends are reported by other bodies such as the Department for Energy 

Security and Net Zero (DESNZ) and the Committee on Climate Change (CCC). For example, 

 

1 National Energy System Operator (NESO) (2025) The Future Energy Scenarios (FES). Available online: 

https://www.neso.energy/publications/future-energy-scenarios-fes  

2 National Energy System Operator (NESO) (2025) The Future Energy Scenarios (FES) Documents. Available online: 

https://www.neso.energy/publications/future-energy-scenarios-fes/fes-documents  

https://www.neso.energy/publications/future-energy-scenarios-fes
https://www.neso.energy/publications/future-energy-scenarios-fes/fes-documents
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DESNZ publish updated energy and emissions projections (EEPs)3 annually, analysing and 

projecting future energy use and GHG emissions in the UK. While these sources differ in the 

scale of unabated and abated utilisation, all indicate a long-term decline in both unabated and 

abated gas. FES was selected for this analysis as it provides the most up to date assessment. 

Assumptions 

2.1.8 ‘BAU’ utilisation is characterised by a constant annual utilisation of approximately 21,700 

operating hours per year during the study period between 2031 and 2061 for both the Future 

Baseline and the Proposed Development. GHG emissions associated with BAU utilisation were 

estimated based on average operational fuel and material consumption at the Power Station 

between 2021–2023 (as adopted in the Chapter 7: GHG Emissions (ES Volume I) assessment 

and detailed in Appendix 7A: GHG Data and Assumptions (ES Volume II)). BAU utilisation 

serves as the reference point, with alternative scenarios expressed as a proportion of BAU.  

2.1.9 For the alternative operational scenario, utilisation factors derived from FES Holistic Transition 

pathway are applied (see Table 2-1). These represent the share of BAU utilisation retained under 

each scenario and differ for the Future Baseline and the Proposed Development scenarios. Key 

assumptions include: 

• FES pathway data is extrapolated beyond 2050 to 2061 by assuming post‑2050 values 

remain constant at the 2050 level. 

• For the Future Baseline sensitivity, utilisation follows unabated gas trends from 2031 to 

2061 (from construction start through the end of the study period), with values held constant 

from 2050 onwards as per the assumption noted above. 

• In the Proposed Development sensitivity, utilisation during construction years (2031–2035) 

follows unabated gas trends, as the Power Station remains operational (but without CCS) 

during construction. From 2036 onwards, once the Proposed Development is operational, 

utilisation changes to follow the abated gas trend), with values held constant from 2050 

onwards as per the assumption noted above. 

2.1.10 The net benefit of the Proposed Development is determined by the difference between emissions 

under the Future Baseline and those under the Proposed Development scenario across the study 

period. Where Future Baseline emissions remain high, the Proposed Development would achieve 

a substantial net reduction in emissions through the use of CCS. Conversely, as Future Baseline 

emissions decline across the study period, the whole-life net benefit of the Proposed 

Development would be reduced. This dynamic explains why the FES Holistic Transition 

scenario, which combines a significant reduction in unabated gas generation with relatively high 

utilisation of abated gas generation, results in smallest overall net benefit when compared to 

other FES scenarios. 

2.1.11 Table 2-1 presents projected utilisation expressed as a percentage of BAU operation. These 

values indicate the proportion of BAU utilisation retained, rather than the percentage reduction. 

For example, a utilisation of 39% of BAU equates to a 61% reduction in operating hours on 

average across the study period. 

 

3 Department for Energy Security and Net Zero (DESNZ) (2025) Energy and emissions projections: 2023 to 2050. Available online: Energy and 

emissions projections: 2023 to 2050 - GOV.UK 

https://www.gov.uk/government/publications/energy-and-emissions-projections-2023-to-2050
https://www.gov.uk/government/publications/energy-and-emissions-projections-2023-to-2050
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Table 2-1 Average utilisation of the Power Station against BAU across the study period (%) 

Scenario Average utilisation across study period compared to BAU (%) 

Future Baseline Proposed Development 

Unabated (2031-
2061) 

Unabated (2031-
2035) Abated (2036-2061) 

Holistic Transition 39% 

(ca. 8,500 operational 

hours/year on 

average) 

93% 

(ca. 20,200 

operational 

hours/year on 

average) 

87% 

(ca. 18,900 

operational 

hours/year on 

average) 

2.1.12 GHG emissions associated with the following sources are assumed to scale in direct proportion 

to Power Station utilisation (hours): 

• B1: In-use materials and chemicals;

• B6: Operational energy use;

• B8.1: Operational transport; and

• B8.1: Operational waste.

2.2 Results 

2.2.1 The results indicate that even under the Holistic Transition scenario —representing the most 

conservative scenario for testing the Project’s benefit—the Proposed Development continues to 

deliver a positive GHG benefit relative to the Future Baseline across the study period. However, 

the net benefit reduces to approximately 6.2 MtCO2e compared to the 64.1 MtCO2e estimated 

under the BAU utilisation assumption adopted in the ES for both the Future Baseline and with-

Proposed Development scenarios (see Table 2-2). This outcome is expected as unabated gas 

plants are progressively phased out, consuming less natural gas than abated plants that can 

continue operating with CCS, narrowing the emissions gap between scenarios. Importantly, the 

analysis demonstrates that the Proposed Development remains advantageous even under 

conditions of minimised baseline emissions, reinforcing its resilience to future system changes 

and its alignment with long-term decarbonisation objectives. 

Table 2-2 Lifecycle GHG Emissions from Alternative Operational Scenarios4 

Scenario Future Baseline 
(MtCO2e) 

Proposed 
Development 
(MtCO2e) 

Net change from 
Future Baseline 
(MtCO2e)5 

BAU Operation (adopted in ES Chapter 7) 101 37.2 -64.1

Holistic Transition 39.5 33.3 -6.2

4 GHG emissions, including totals, are reported to three significant figures, reflecting the accuracy of GHG reporting during early design stages. This 

may result in total emissions not summing up as expected.  

5 ‘Net Change’ = Proposed Development emissions minus Future Baseline emissions. 
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2.3.1 This sensitivity analysis shows that the Proposed Development continues to deliver a carbon 

benefit across the study period under an alternative, conservative scenario for testing the 

Proposed Development’s benefit. The FES Holistic Transition scenario represents the fastest 

national decarbonisation pathway among the FES options, and even under this scenario, lifecycle 

GHG emissions for the Proposed Development are estimated to remain millions of tonnes of 

CO2e lower than the Future Baseline, with a reduction of around a 6.2 MtCO2e. 

2.3.2 Under the Holistic Transition scenario, the absence of the Proposed Development would result 

in additional GHG emissions of approximately 6.2 MtCO2e (i.e. 6,200,000 tCO2e). For context, 

the whole lifecycle GHG emissions estimated for the entire CO2 transport and storage (T&S) 

network, as presented in Chapter 7 (ES Volume I), are approximately 699,000 tCO2e. This 

indicates that the emissions mitigated by the Proposed Development under this conservative test 

are of a magnitude comparable to constructing and operating nearly ten T&S networks of 

equivalent scale.  

2.3.3 These results suggest that the Proposed Development is resilient to uncertainty in future 

operating profiles and continues to provide a meaningful carbon net benefit. Further, current UK 

decarbonisation policies (refer to Table 7‑1 in Chapter 7, ES Volume I) such as EN‑1 and Clean 

Power 2030 anticipate a continued role for abated gas (e.g. the Proposed Development) in 

ensuring grid stability, reinforcing the project’s alignment with national policy objectives. 

2.3 Conclusion 
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3. Carbon Payback 

3.1 Methodology 
Introduction 

3.1.1 ‘Carbon payback’ refers to the time required for cumulative CO2 removal to offset the embodied 

emissions from construction and decommissioning the Proposed Development (when compared 

to ongoing operation of the Power Station without CCS). 

3.1.2 This sensitivity analysis applies the same FES Holistic Transition utilisation profile used in 

Section 2 (see Table 2-1) to the Proposed Development scenario only. It does not recalculate 

Future Baseline emissions or assess net GHG change; instead, it focuses solely on testing the 

robustness of carbon payback under a potential worst-case future operating scenario. 

Assumptions 

3.1.3 The assessment makes the following assumptions: 

• Table 2-1 sets out the utilisation percentages applied to the Proposed Development scenario 

during operation. These values form the basis for scaling CO2 removal in this sensitivity 

analysis; 

• Net CO2 removal is assumed to scale in direct proportion to Power Station utilisation 

(hours); 

• Construction emissions: 362,000 tCO2e; 

• Decommissioning emissions: 21,300 tCO2e; and 

• Embodied carbon (construction + decommissioning) emissions: 384,000 tCO2e. 

3.2 Results 

3.2.1 Under BAU utilisation6, the embodied carbon of 384,000 tCO2e (or 0.384 MtCO2e) is offset 

within approximately 1.7 months. Under the FES Holistic Transition scenario, the payback time 

remains similarly short, around 2.0 months. 

3.2.2 These results demonstrate that the Proposed Development’s embodied carbon emissions are 

offset within a matter of months—well within the 25-year design life—confirming the 

robustness of the carbon benefit of the Proposed Development.  

 

6 Assumes constant annual utilisation (between 2031 and 2061), based on average operational fuel and material consumption at the Power Station 

between 2021–2023 (as adopted in the ES GHG assessment). 
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Table 3-1 Carbon payback4 

Scenario Cumulative CO₂ removal over 
the 25-year study period 
(MtCO2) 

Carbon Payback Period 

BAU Operation 66.2 1.7 months 

Holistic Transition 57.6 2.0 months 

3.3 Conclusion 

3.3.1 The analysis confirms that even with declining utilisation for abated gas, the Proposed 

Development would offset its embodied emissions in two months, and carbon payback would be 

achieved almost immediately. This reinforces the Proposed Development’s strong alignment 

with UK decarbonisation objectives and its resilience to future uncertainty in operating profiles. 
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4. Overall Conclusions 

4.1.1 The sensitivity analysis presented in this appendix demonstrates that the Proposed Development 

would consistently deliver a positive carbon benefit, even under scenarios with reduced gas 

utilisation. Under the sensitivity conditions, lifecycle emissions for the Proposed Development 

would remain lower than the Future Baseline, and the embodied carbon “investment” would be 

recovered within a matter of months—far ahead of the 25-year design life. 

4.1.2 These findings confirm the robustness of the Proposed Development against future uncertainty 

in utilisation. By maintaining a clear emissions advantage under the most conservative scenario 

for testing the Proposed Development’s GHG emissions benefit, the Proposed Development 

reinforces its alignment with UK policy objectives such as Overarching National Policy 

Statement for Energy (EN‑1)7 and Clean Power 20308, and its role in supporting system 

reliability during the transition to net zero. This resilience strengthens the case for the Proposed 

Development as a strategic enabler of decarbonisation while safeguarding grid stability. 

 

 

7 Department for Energy Security and Net Zero, Overarching National Policy Statement for energy (EN-1), 2025. Published 6 January 2026. 

Available at: https://www.gov.uk/government/publications/overarching-national-policy-statement-for-energy-en-1-2025/ Last accessed January 

2026  

8 Department for Energy Security and Net Zero, Clean Power 2030 Action Plan. Available at: https://www.gov.uk/government/publications/clean-

power-2030-action-plan. Last accessed January 2026  

https://www.gov.uk/government/publications/overarching-national-policy-statement-for-energy-en-1-2025/
https://www.gov.uk/government/publications/clean-power-2030-action-plan
https://www.gov.uk/government/publications/clean-power-2030-action-plan

