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Context

Â LENS report on future electricity networks 
scenarios

ÂWant to consider how climate change 
could impact on some of the assumptions 
and inputs to the economic model

ÂMet Office have carried out a study on 
climate change and the network but not 
fully integrated (or public)



Project objectives

Â Understand the potential for climate change to 
affect the electricity system
Â Assess current knowledge

ÂDo some simple ófirst-cutô modelling

Â Begin the design process for an integrated 
geographical model with the capability to 
analyse the effects
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Generation

Â Obviously climate 
dependent

Â Resource changes ï
potential changes in 
capacity factor

Generation

Renewables Thermal 
power plant

Â Power output and 
efficiency changes

Sensitivity Modelling



Generation - Renewables

ÂWind power sensitivity

ÂTwo sites, one typical of óhighô wind 
conditions, one with ólowô wind

ÂLooked at change in annual energy output 
with change in mean wind speed using 
Retscreen software

ÂApplied simplistic Rayleigh frequency 
distribution

ÂCombined with power curve of Vestas V90 
turbine



Generation - Renewables
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Low  w ind: 5m/s @ 10m

High w ind: 8m/s @ 10m

Low wind site is 
more sensitive to 
change



Â Further work using climate modelling shows that annual 
wind speed changes unlikely to be as large as ± 10%

Â However, seasonal changes could be more significant ï
rise in winter, fall in summer

Generation - Renewables



Generation - Renewables

Â Wave power sensitivity to climate

Â Based on a relationship with wind, where significant 
wave height, H, and wave period, T, are related to 
mean wind speed, U:

eeTHP 249.0=

UTe 625.0=20212.0 UHe=
Â These combine to give wave power:

Â Again, assumed a Rayleigh distribution of wind 
speeds

Â Modelled the power output of a Pelamis wave device



Generation - Renewables
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Low  w ind: 8m/s @ 19.5m

High w ind: 10m/s @ 19.5m

Low wind site is 
more sensitive to 
change

Â Plan to apply UKCIP09 projections of wind to 
wind-wave model and establish actual 
projected change in energy output



Generation ïRenewables

ÂSolar sensitivity

ÂUsing Retscreen software, derived empirical 
relationship between annual solar radiation 
and annual energy output for the UK

ÂAssuming optimised PV panel installation

ÂFor both low and high radiation sites, a 10% 
change in radiation gives a ~10% change in 
energy output based on this relationship

ÂLikely to play a very minor role in UK energy 
mix, less sensitive to change than wind/wave



Generation - Thermal

Mass flow rate:

VAm r="

Gas turbine 
ideal power:

TCmP pD="

Density will vary with 
temperature, and 
hence so will the 
ideal power output

Variation in GT mass flow and power with temperature

370000

390000

410000

430000

450000

470000

2
7
3

2
7
4

2
7
5

2
7
6

2
7
7

2
7
8

2
7
9

2
8
0

2
8
1

2
8
2

2
8
3

2
8
4

2
8
5

2
8
6

2
8
7

2
8
8

2
8
9

2
9
0

2
9
1

2
9
2

2
9
3

2
9
4

2
9
5

2
9
6

2
9
7

2
9
8

2
9
9

3
0
0

3
0
1

3
0
2

3
0
3

Temperature (K)

G
T

 p
o

w
e
r 

(k
W

)

8

8.2

8.4

8.6

8.8

9

9.2

9.4

9.6

9.8

F
u

e
l 

m
a
s
s
 f

lo
w

 r
a
te

 (
k
g

/s
)

Total Power GT kW
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11% increase in temperature

13% decrease in mass flow rate

20% decrease in power output



Networks

Networks

Component ratings Reliability/Maintenance

Changes in ratings of cabling 
and transformers as temperature 
changes

Changes in requirements due to 
more or less frequent extreme 
conditions

What aspects are climate sensitive?



Networks

Â Cable ratings and temperature

Â Standard ratings: 20ęC summer, 9ęC autumn/spring 
and 2ęC winter

Â Depending on the region, summer temperatures 
are expected to rise by 1.5 to 2.5ęC

Â Winter temperature rise is modelled to be in the 
region of 1 to 2ęC

Â Obviously, dynamic ratings take account of 
actual temperatures day-to-day

Â But planning and strategy must rely on assumptions 
of averages



Networks
Â Steady-state thermal model (replicated from IEEE 

standard), DRAKE conductor
Â Ratings change by ~ 2% with a 2 degree rise in seasonal ambient 

temperatures

Ambient temperature vs. line rating
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Networks

MVA rating vs. Temperature
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Assuming similarly pseudo-linear relationships for other 
types of conductor, reduction in ratings likely to be 
comparable



Â2ęC increase produces ratings change of  
2-3% per season

ÂSmall concern compared with other 
factors

ÂBut possibly more significant if in combination 
with other changes

Â Transient modelling with variations in 
ambient temperature is underway

ÂTo understand the temperature-time response 
with elevated ambient temp.

Networks



Networks

Â Transformers

Â Design life based on a particular ambient temperature 
plus the rated load

Â In practice, equivalent cyclical loading is the norm, 
some periods of higher load/higher temperature 
compensated with lower load/lower temperature

Â Issue arises when the equivalent cyclical loads 
overrun the design life

Â More periods of higher temperature may 
reduce the life of the device

Â Requires thermal modelling, similar to cables



Networks

ÂExtremes ïwind, ice
ÂTemperature rise may mean less risk in terms 

of ice loading, although current understanding 
of potential extremes is limited

ÂChanges in storm patterns and storm tracks 
will result in more/less extreme winds



Networks
Â Typically, wind speeds 

follow two -parameter 
Weibull distribution

Âókô parameter determines 
the shape of the curve

Â Evidence from work with 
climate models suggests 
k parameters of wind 
speed will reduce in 
future by 2 -4% 

0 5 10 15 20 25
0

0.05

0.1

0.15

0.2

0.25

Wind speed (m/s)

P
ro

b
a
b
il
it
y
 D

e
n
s
it
y

 

 

k = 1.25
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As k parameter reduces, the 
óskewnessô increases and the 
distribution extends further to 

have higher frequency of extreme 
values



ÂMuch uncertainty in the modelling at 
this stage
ÂOnly considered the results from one climate 

model

ÂHave used mean wind frequency distributions 
as an indicator but results merit more 
investigation using extreme distributions

Networks



Demand

Current seasonal pattern: 

Peak in winter, fall in 
summer

Demand

Seasonal patterns

Â How this has potential to 
change

Â Currently, space heating far 
exceeds space cooling

Â Rises in both winter and 
summer temperatures could 
alter the relative uptake

ÂPerhaps result in an 
ósmoothingô out of the 
demand?

ÂRequirement for modelling



Interactions

Â Two possibilities for interactions:

Â Positive and negative factors will cancel out

Â Positive and negative factors will combine to produce 
best and worst case scenarios

Â Need to model in the time domain

Â To capture interactions

Â With accurate geographical representation

Â To capture diversity of effects

Â OR ïcould design and plan conservatively for 
the worst case scenario


