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Context

LENS report on future electricity networks
scenarios

Want to consider how climate change
could impact on some of the assumptions
and Inputs to the economic model

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

Understand the potential for climate change to
affect the electricity system

Assess current knowledge

Do some si-canptlée nmddelsliti ng

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

Renewables Thermal
power plant

A Obviously climate )
dependent A Power output and
efficiency changes

A Resource changesi
potential changes In
capacity factor
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Generation - Renewables

Wind power sensitivity

Two sites, one typical
condi ti ons, one with 0

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

Applied simplistic Rayleigh frequency
distribution

Combined with power curve of Vestas V90
turbine
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% change in annual energy output
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Generation - Renewalblies

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

However, seasonal changes could be more significanti
rise in winter, fall iIn summer

% Energy Change Summer 2080s (High) % Energy Change Winter 2080s (High)

%
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Generation - Renewables

Wave power sensitivity to climate

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

H,=00212)2 T, =0.62%
These combine to give wave power:

P =0.49H7T,

Again, assumed a Rayleigh distribution of wind
speeds

Modelled the power output of a Pelamis wave device
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Low wind site is
more sensitive to
change

Low wind: 8m/s @ 19.5m
— — — —Highwind: 10nY¥s @ 19.5m

% change in annual energy output

-20% -15% -10% -5% 0% 5% 10% 15% 20%

% change in mean wind speed

A Plan to apply UKCIPQ9 projections of wind to
wind-wave model and establish actual
projected change in energy output
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Generattion + Renewalles
Solar sensitivity

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

Assuming optimised PV panel installation
For both low and high radiation sites, a 10%

change in radiation gives a ~10% change In
energy output based on this relationship

Likely to play a very minor role in UK energy
miX, less sensitive to change than wind/wave
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P

Mass flow rate:

m=rVA

/

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

Variation in GT mass flow and power with temperature

—=— Total Power GT kW
—e— Fuel mass flowrate
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11% increase in temperature
13% decrease in mass flow rate

20% decrease in power output
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Networks

Component rating Reliability/Maintenance

Changes in ratings of cabling Changes in requirements due to
and transformers as temperature more or less frequent extreme
changes conditions
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Networks

Cable ratings and temperature

Standard ratings: 20e C s ummer , 9eC
and 2eC winter

Depending on the region, summer temperatures
are expectedtorise by 1.5t0 2.5¢e C

Winter temperature rise iIs modelled to be in the
region of 1to 2e C

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

But planning and strategy must rely on assumptions
of averages
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Line rating (amperes)

1300 -
1280 A
1260 -
1240 -
1220 A
1200 -
1180 A
1160 -
1140 A

1120

Ambient temperature vs. line rating

2 degree rise in
winter temp

2 degree rise
iIn summer
temp

T T T 1

5 10 15 20 25

Ambient temperature (deg C)
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MVA rating vs. Temperature

Line rating (MVA)

90 T T T T
0 5 10 15 20
Temperature (deg C)
m  copper 50 = copper 65 = copper 75 A almond 50 A
A almond 75 ® gopher 50 ® gopher 65 ® gopher 75 Linear (copper 50)
Linear (copper 75) Linear (almond 50) Linear (almond 75)  — - Linear (copper 65) - - Linear (almond 65)
Linear (gopher 50) = =— Linear (gopher 65) Linear (gopher 75)
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Networks

2eC I ncrease produce:s
2-3% per season

Small concern compared with other
factors
But possibly more significant if in combination
with other changes
Transient modelling with variations In
ambient temperature is underway

To understand the temperature -time response
with elevated ambient temp.
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Networks

Transformers

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

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

Issue arises when the equivalent cyclical loads
overrun the design life

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

Requires thermal modelling, similar to cables

(@

SUPERGEN

Thinking Networks LS



U c 10ading, altnougl el
of potential extremes is limited

Changes In storm patterns and storm tracks
will result in more/less extreme winds
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OkO parameter
the shape of the curve

Wind speed (m/s)

Evidence from work with

climate models suggests As k parameter reduces, the

k parameters of wind 6skewnessodo incr

speed will reduce Iin distribution extends further to

future by 2-4% have higher frequency of extreme
values

(@)
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Networks

Much uncertainty in the modelling at
this stage

Only considered the results from one climate
model

Have used mean wind frequency distributions
as an indicator but results merit more
Investigation using extreme distributions
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Seasonal patterns

Current seasonal pattern:

Peak in winter, fall in
summer

Currently, space heating far
exceeds space cooling

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

A Perhaps result in an
Osmoot hingd out
demand?

Requirement for modelling
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Two possibllities for interactions:
Positive and negative factors will cancel out

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

Need to model in the time domain
To capture interactions

With accurate geographical representation
To capture diversity of effects

OR1 could design and plan conservatively for
the worst case scenario
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