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Introduction
The UK power system will become increasingly weather 
dependent in the coming decades.  
Impact: supply will become more volatile

Gone Green: National Grid Future Energy Scenarios (2014)



Introduction
The weather dependent inputs will be affected by 
climate variability. 
• European Weather dominated by the North Atlantic Storm Track 
• NAO+ high winds over UK 
• Blocking highs can form and create a high demand event

Adapted from Zappa et al., (2013)

MSLP pattern associated with block over Iceland

Adapted from Brayshaw et al., (2011)



Aim:
To understand the impact of interannual climate 
variability and climate change on a weather 
dependent UK power system.

Impact: 

• Accounting for climate variability is of crucial importance for 
accurate power system modelling. 

• A High NAO year can skew estimations of wind power return/farm 
profits 

• A high/low wind year can alter the use of conventional generation  

• Preparing the system for potential range of peak demand/
curtailment.
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Methods: Wind Power Model

Cannon et al., (2015), Drew et al., (2015)

Interpolated winds from MERRA from September 2012 
wind farm sites.

Provides UK aggregated capacity factors with an hourly 
time step.



Dependent on:
• Time trend  (efficiency improvements, GDP, etc.)
• Seasonal cycle (temperature, lighting, human behavior)
• Temperature Anomaly
• Wind Chill
• Day of the Week
• National Holidays

Real Demand (GW)

25
  

  
  

  
30

  
  

  
  

35
  

  
  

  
 4

0 
  

  
  

  
45

25        30          35          40          45           
50

Methods: Demand Model

M
od

el
ed

 D
em

an
d 

(G
W

)

R2 = 0.92 (0.7) RMSE = 1.39 (2.7) GW



Methods: LDC’s DNW
Cumulative frequency distribution of:
Demand net Wind = Demand – wind power

SORT



Methods: LDCs DNW

Baseload Plant (91%)

Peaking Plant(7%)

Peak Demand

Curtailment

LDC thresholds of economically efficient operation



Results: 3 Scenarios LDCs
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Results: 3 Scenarios LDCs

• With increasing wind power the mean use of conventional 
plant is reduced and there is a larger range of potential use. 

• This effect is more pronounced for nuclear power than peaking 
plant.

Point of interest   Range 
(GW)

    Mean 
(GW)

 

Scenario 2015 2020 2035 2015 2020 2035

Peak DNW (GW) 4.87 5.05 5.91 51.7
9

50.82 49.15

Peaking Plant (GW) 4.67 4.97 5.03 42.1
8

39.57 35.85

Base load Plant (GW) 1.26 5.28 6.39 21.7
7

14.96 2.35

Curtailment hours 
(WP>D)

- 22.00 491.0 - 6.66 340.2
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Results: 3 Scenarios LDCs

• If wind power is greater than 70% of demand wind power will 
be curtailed so there is enough conventional generation to 
provide system inertia.

Point of interest   Range 
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    Mean 
(GW)
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Results: Curtailment

• Curtailment predominantly happens in times of low demand 
• There is a large range in hours of curtailment per year  
• The percentage of total UK curtailment is small.



Results: 3 Scenarios LDCs

• Curtailment here is currently an underestimate. 
• Results suggest periods of nuclear curtailment could be 

common.  
• In practise a nuclear plant would not turn off for < 24 hours.

Point of interest   Range 
(GW)

    Mean 
(GW)

 

Scenario 2015 2020 2035 2015 2020 2035

Peak DNW (GW) 4.87 5.05 5.91 51.7
9

50.82 49.15

Peaking Plant (GW) 4.67 4.97 5.03 42.1
8

39.57 35.85

Base load Plant (GW) 1.26 5.28 6.39 21.7
7

14.96 2.35

Curtailment hours 
(WP>D)

- 22.00 491.0 - 6.66 340.2



Results: Nuclear Power

• In practise nuclear power plants will not turn off for periods 
less than 24 hours. This leads to extra curtailment.
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Future Work
• Fully assess the meteorological causes of LDC variability. 
• Reverse the LDC method to investigate the economics of plant 

operation given interannual variability. 
“What is the most economically efficient way to organise our 
power system given interannual variability?” 

• Incorporate validated climate model data for: 
• 100+ year HiGEM control run simulation. 
“Does MERRA capture the full range of potential variability?”  
• 2 xCO2 and 4 x CO2 Climate Change Scenarios. 
“How will climate change affect the interannual variability?”  

• Extend the study to include solar power and a more advanced 
power system model.



• An increase in the percentage of wind power will 
increase the interannual variability in hours of 
operation of components of the power system, 
especially nuclear power. 
• Wind power reduces the range of peak demands that 

can be experienced by the power system 
• Wind Power curtailment is increasingly common with 

increased wind power capacity, especially at times of 
low demand.  
• Results suggest with high levels of wind it will be 

common for extra wind power to be curtailed for 
efficient nuclear plant operation.

Conclusions
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Thanks for listening. Any Questions?



Methods: 4 points of interest

Percentage of Year Plant is 
operating

Screening Curves

Percentage of Year



Future Work


