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Power Systems are Increasingly Sensitive to Weather

• Energy electrification is increasing

• “Electricity accounted for 20% of final energy consumption in 2023, up from 18% in 
2015, though meeting the world’s climate goals would require electrification to 
advance significantly faster in the coming years. “ IEA 2024

• More generation from weather-sensitive renewables

• In hypothetical highly renewable EU grid: “1-day extreme low energy production 
events are characterised by a large high pressure system” & “Atmospheric blocking can 
lead to [7-14 day] prolonged episodes of [energy shortfall]” van der Wiel et al. 2019

• “32% difference between best and worst [years wind production] in GB” Bloomfield et 
al. 2016

• Electricity demand is more sensitive to weather

• “Service demand for cooling is increasing by up to 5% per year in some regions 
[globally] due to climate change” Staffell et al. 2022

• “41 % heat pumps would increase Great Britain’s winter electricity demand by 30 
TWh.” & “Year-to-year variability of electricity demand increases by 37 %” Peacock et 
al. 2023

https://www.iea.org/reports/electricity-2024
https://doi.org/10.1016/j.rser.2019.04.065
https://doi.org/10.1088/1748-9326/11/12/124025
https://doi.org/10.1088/1748-9326/11/12/124025
https://doi.org/10.1038/s41560-023-01341-5
https://doi.org/10.1016/j.apenergy.2023.120885
https://doi.org/10.1016/j.apenergy.2023.120885




“By 2035 […] 60GW of short term flexible capacity will 
be needed to provide a low cost electricity system.”
- National Infrastructure Commission (2023)

Idea:

Critical infrastructure energy use varies seasonally, and with prevailing weather –

during periods where there is a “surplus” in reserves, can this energy be relied upon to help balance the grid?
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· Adequacy
 · Capacity Market

· Balancing Service
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Analysis

Deakin, Matthew; Greenwood, David 
(2022). Aggregated Generator 
Unavailability Data for Northwest 
European Countries. Newcastle 
University. Dataset. 
10.25405/data.ncl.18393971.v1 
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Bloomfield, H.C., Brayshaw, D.J., 
Deakin, M., Greenwood, D., 2022. 
Hourly historical and near-future 
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System Science Data 14, 2749–2766. 
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(from ENTSO-E)(from MERRA-2) (from ERA-5)
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How to Quantify Power System Adequacy?

• Quantity of energy 
shortfall events: 
Loss of Load 

• Severity of energy 
shortfall events: 
Energy Not Served 



Z =  DEMAND –
       (RENEWABLES + GENERATION CAPACITY)

Quantity of energy shortfall events

Severity of energy shortfall



GB Energy Not Served – reduced using “Surplus”



ENS used to calculate de-rating factors



ENS change is linear with scaling the surplus
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Utilising Reserve System 

Surplus

to Improve Power System 

Adequacy

• Surplus Capacity can support wider power system networks 
in meeting energy shortfall, and providing balancing services

• De-rating the capacity depends on adequacy (ie. EENS)
• Investment into infrastructure (increased power export) 

can improve this factor

• Adequacy scaling is linear
• ie. multiple sectors (telecoms, datacentres, health, …) 

can use “surplus” capacity with the same de-rating factor

o Fallon, J., Brayshaw, D., Methven, J., Jensen, K., & Krug, L. (2023). A new framework for using weather-sensitive 
surplus power reserves in critical infrastructure.
Meteorological Applications, 30(6), e2158. doi:10.1002/met.2158

o Fallon, J., Brayshaw, D., Methven, J., Jensen, K., & Krug, L. (in review). Reserve Power Design in Future Climates: Bias 
Adjustment Approaches for Regional Climate Projections

o Fallon, J., Brayshaw, D., Methven, J., Greenwood, D., Jensen, K., & Krug, L. (in preparation). Revenue from Weather-
Sensitive Surplus Energy Capacity of Reserve Systems

https://doi.org/10.1002/met.2158
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