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1

Executive summary

1.1.1

The Overarching National Policy Statement for Energy (NPS EN-1) requires
promoters of nationally significant infrastructure projects such as the Brechfa
Forest Connection to take into account the effects of climate change when
developing their infrastructure proposals.

1.1.2

Predictions suggest that changes in the climate may require improvements in the
resilience of infrastructure to cope with extreme weather events. Western Power
Distribution (WPD) has identified the extreme events which are more likely to
increase in frequency within its South Wales licence area.

1.1.3

Having developed an understanding of how climate change may affect both its
existing and planned assets, WPD has considered the design standards
necessary to ensure that its infrastructure is resilient to climate change. The
Brechfa Forest Connection has been designed in accordance with these
standards.
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2

Introduction

2.1.1

Climate change is recognised by both the UK and Wales Government as having
the potential to lead to extreme weather events with heat-waves, droughts and
floods affecting the UK. To avoid the most dangerous impacts of climate change
global temperatures must be kept to no more than 2°C and global emissions
therefore need to fall as a matter of urgency1.

2.1.2

A rise in temperature of up to 2°C could still lead to significant changes in UK
weather patterns. As such Government, via the Overarching National Policy
Statement for Energy (NPS EN-1) requires promoters of nationally significant
infrastructure projects such as the Brechfa Forest Connection to take into account
the effects of climate change when developing their infrastructure proposals.

2.1.3

This report outlines the considerations given by Western Power Distribution (WPD)
to the potential effects resulting from changes to the climate upon the
infrastructure which it proposes to build as part of the Brechfa Forest Connection.
It begins with a review of the national policy requirements which have been
prepared to ensure the future resilience of infrastructure as set out within the
relevant National Policy Statements (NPSs). It identifies the potential climate
change effects upon the infrastructure proposed before identifying the mitigation
inherent in the design to reduce the likelihood of such effects having a significant
impact upon the future operation of the line. This report also details the resilience
measures to be implemented during the lifetime of the connection to address the
effects of climate change.

1

Overarching National Policy Statement for Energy paragraphs 2.27-2.2.8
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3

National Policy Statements – Climate change
resilience

3.1

Overarching National Policy Statement for Energy

3.1.1

NPS EN-1 sets out how the Government is preparing for the impacts of climate
change via a statutory climate change adaption programme which has included a
UK Climate Change Risk Assessment and the use of ‘Adaptation Report Power’ to
require public bodies and statutory undertakers to set out the risks to their work
from a changing climate and what they are doing to manage these risks.

3.1.2

Section 4.8 of NPS EN-1 sets out how applicants and the IPC (now the Planning
Inspectorate) should take the effects of climate change into account when
developing and consenting infrastructure. It notes the importance of ensuring that
new infrastructure is sufficiently resilient against the possible impacts of climate
change in order that it can satisfy the future energy needs of the nation.

3.1.3

NPS EN-1 recognises that new energy infrastructure will typically be a long-term
investment and will be operational over many decades in the face of a changing
climate. It requires, consequently, that applicants consider the impacts of climate
change when planning the location, design, build, operation and where appropriate
decommissioning of new energy infrastructure. The NPS states that the
Environmental Statement (ES) supporting the application should set out how the
proposal will take account of the projected impacts of climate change, accepting
that this is not however a requirement of the EIA Directive. The approach chosen
by WPD in this regard is to assess the effects upon the infrastructure resulting
from a changing future baseline with climate change within each topic chapter of
the ES. The extent to which location, design, build, operation and
decommissioning of the connection is resilient to future climate change is set out
within this document which forms an appendix to the ES. A summary is also
provided within the Planning Statement (Volume 8.1).
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3.1.4

The NPS requires that applicants use the latest UK climate change projections at
the time the application is being prepared to ensure that adequate adaptation and
mitigation measures are identified. Applicants should apply as a minimum, the
emissions scenario that the Independent Committee on Climate Change suggests
the world is currently most closely following – and the 10%, 50% and 90%
estimate ranges2. These results should be considered alongside relevant
research which is based on the climate change projections.

3.1.5

The NPS also advises at paragraph 4.8.8 that the decision-maker should be
satisfied that there are not features of the design of new energy infrastructure
critical to its operation which may be seriously affected by more radical changes to
the climate beyond that projected in the latest set of UK climate projections.
Similarly, where energy infrastructure has safety critical elements, such as
substations, the applicant should apply the high emissions scenario (high impact,
low likelihood) to those elements. Although the likelihood of this scenario is
thought to be low.

3.2

National Policy Statement for Electricity Networks Infrastructure

3.2.1

NPS EN-5 provides detailed advice particular to the consideration of applications
for electricity networks infrastructure. Paragraph 2.4.1 advises that the applicant
should, in particular, set out to what extent the proposed development is expected
to be vulnerable, for example in locations potentially subject to coastal flooding,
and as appropriate how it would be resilient to:


flooding, particularly for substations that are vital for the electricity
transmission and distribution network;

2



effects of wind and storms on overhead lines;



higher average temperatures leading to increased transmission losses; and



earth movement or subsidence caused by flooding or drought (for
underground cables).

The emission scenarios project a 25%, 50% or 90% increase in baseline CO2 emissions between 2000 and 2030.
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4

UK climate change predictions

4.1

Introduction

4.1.1

Current UK Climate Projections (UKCP09) provide a range of low-to high emission
predictions across ranges of probabilities extending either side of a 50% central
estimate.

4.1.2

The study area relevant to the proposed Brechfa Forest Connection is Wales. The
low (10%) medium (50%) and high (90%) estimate ranges (emission levels) are
available for temperature and summer and winter precipitation. The results of
UKCP09 are summarised within the UK Climate Projections, Climate Change
Projections report (version 3, December 2010).

4.2

Key findings for Wales

4.2.1

The key findings for Wales, based on changes by the 2050s using the medium
emissions assessment are:


Under medium emissions, the central estimate of increase in winter mean
temperature is 2.0ºC; it is very unlikely to be less than 1.1ºC and is very
unlikely to be more than 3.1ºC. A wider range of uncertainty is from 0.8 to
3.4ºC.



Under medium emissions, the central estimate of increase in summer mean
temperature is 2.5ºC; it is very unlikely to be less than 1.2ºC and is very
unlikely to be more than 4.2ºC. A wider range of uncertainty is from 1.0 to
4.6ºC.



Under medium emissions, the central estimate of increase in summer mean
daily maximum temperature is 3.4ºC; it is very unlikely to be less than 1.3ºC
and is very unlikely to be more than 6.1ºC. A wider range of uncertainty is
from 1.0 to 6.8ºC.
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Under medium emissions, the central estimate of increase in summer mean
daily minimum temperature is 2.6ºC; it is very unlikely to be less than 1.1ºC
and is very unlikely to be more than 4.6ºC. A wider range of uncertainty is
from 0.9 to 5.1ºC.



Under medium emissions, the central estimate of change in annual mean
precipitation is 0%; it is very unlikely to be less than –4% and is very unlikely
to be more than +5%. A wider range of uncertainty is from –5% to +6%.



Under medium emissions, the central estimate of change in winter mean
precipitation is +14%; it is very unlikely to be less than +2% and is very
unlikely to be more than +30%. A wider range of uncertainty is from 0% to
+31%.



Under medium emissions, the central estimate of change in summer mean
precipitation is –16%; it is very unlikely to be less than –36% and is very
unlikely to be more than +6%. A wider range of uncertainty is from –38% to
+13%.
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5

WPD assessment of climate change risks

5.1

Introduction

5.1.1

WPD received a ‘direction to report’ issued by the Department for Environment,
Food and Rural Affairs (Defra) in March 2010. The subsequent report was
published as the ‘Western Power Distribution Adaptation to Climate Change
Report’ in June 2011.

5.1.2

The report contains details of WPD’s risk management process and describes how
this process identifies, assesses and manages the implementation of control
measures for climate change adaptation. It identifies three priority-assessed
climate change risks (extreme events) together with more subtle changes in
temperatures and vegetation growth.

5.1.3

WPD produced a Second Round Report in May 2015. This recognises that
climate change predictions have not been updated since the publication of the
previous report. It identifies where WPD’s understanding has change since 2011,
most notably that new research has highlighted the increased risk of
interdependencies, such as the effect of high winds after periods of prolonged
rainfall. The document sets out the actions which WPD has, and will continue to
implement to further improve the resilience of the network.

5.2

Extreme events

5.2.1

WPD has worked in collaboration with the Meteorological Office to look at the
relationship between the severity of current weather conditions and incidents of
faults in each of WPD’s licence areas. This enabled it to understand vulnerability
of the network to current weather conditions.
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Table 5.1 – Vulnerability to weather conditions
Rank

East Midlands
Licence Area

West Midlands
Licence Area

South Wales
Licence Area

South West
Licence Area

Wind and Gales

1
2

Snow, Sleet and
Blizzard

3

Lightning

Lightning
Snow, Sleet and Blizzard
Rain

4
Flooding

5
6

Freezing Fog
and Frost

7

Solar Heat

Solar heat

Solar Heat

Flooding
Freezing Fog and Frost

Source: WPD Adaptation to Climate Change Report 2011.
5.2.2

From this table it was therefore possible to calculate how future climate change
will increase or decrease network vulnerability. The three priority risks identified
are wind and gales, lightning and snow sleet and blizzard.
Wind and gales

5.2.3

Wind and gales predominantly affect overhead lines, primarily as a result of trees
falling onto the line during stormy conditions. For all licence areas, future
projections indicate little change in future risk, accepting that there is considerable
uncertainty with modelling of future wind. Table 5.2 sets out the risk from wind
and gales relative to a minimum, mean and maximum emissions scenario.
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Table 5.2 – Risk from wind and gales – South Wales Licence Area
Risk from wind and gales
2020

2050

2080

South Wales Licence Area

Minimum

-11%

Mean

-11%

Maximum

+11%

Minimum

-11%

Mean

No change

Maximum

No change

Minimum

-11%

Mean

-11%

Maximum

No change

Source: WPD Adaptation to Climate Change Report 2011.
Lightning
5.2.4

Lightning predominantly affects overhead lines and associated equipment. Lines
of a short length, or lines which include transformers are more susceptible to
damage from lightning strike. Lightning activity is projected to increase in the
future, resulting in an increase in risk to the network of faults from this cause.
Table 5.3 below suggests that in the South Wales Licence Area any increase is
only likely to occur however post 2050.

Table 5.3 – Risk from lightning – South Wales Licence Area
Risk from lightning
2020

South Wales Licence Area

Minimum

No change

Mean

No change

Maximum

No change
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Risk from lightning
2050

2080

South Wales Licence Area

Minimum

No change

Mean

No change

Maximum

+16%

Minimum

No change

Mean

+16%

Maximum

+16%

Source: WPD Adaptation to Climate Change Report 2011.
Snow, sleet and blizzard
5.2.5

Snow, sleet and blizzard predominantly affects overhead lines primarily through
overloading. Predictions suggest that the number of days when snow will fall will
decrease significantly over the period as average winter temperatures rise
although there is a level of uncertainty with these predictions and no guarantee
that snow intensity will be less.

Table 5.4– Risk from snow, sleet and blizzard – South Wales Licence Area
Risk from snow, sleet and blizzard
2020

2050

2080

South Wales Licence Area

Minimum

-33%

Mean

No change

Maximum

No change

Minimum

-66%

Mean

-33%

Maximum

-33%

Minimum

-66%

Mean

-66%
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Risk from snow, sleet and blizzard
Maximum

South Wales Licence Area
-33%

Source: WPD Adaptation to Climate Change Report 2011.
Temperature increases
5.2.6

UKCP09 data allows for predictions in ambient temperature increase to be
considered. Understanding the potential for temperature increase is important
because should it occur, depending upon the magnitude of the rise, it may mean
that less current can be passed through the conductors on an overhead line. This
is because the conductors produce heat as the current passes through them. The
amount of current is limited by thermal expansion of the conductors which, when it
occurs, can cause the line to sag, thereby reducing clearance between the line
and the ground. As WPD is bound by minimum statutory distance standards to
protect the public, the permitted amount of sag should not be exceeded, and
hence the amount of current passing through the conductor must be reduced.

5.2.7

Table 5.5 below sets out the probable (90 percentile) range of mean daily ambient
temperature increases within the South Wales Licence Area. The range increases
shown for South Wales are matched across the remaining three WPD licence
areas such that the overhead line requirements now operated by WPD ensure that
new lines will have additional ground clearance to allow for future rises in
temperature.

Table 5.5 – Temperature increases – South Wales Licence Area
Period

Emission scenario

South Wales Licence Area

2010-2039
summer

High

2.2-2.6C

Medium

2.3-2.8C

Low

2.3-2.7C

High

1.9-2.1 C

2010-2039
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Period

Emission scenario

South Wales Licence Area

winter

Medium

1.9-2.0C

Low

1.9-2.0C

High

4.3-5.2C

Medium

3.9-4.7C

Low

3.5-4.2C

High

3.3-3.5C

Medium

3.0-3.2C

Low

2.7-2.9c

2040-2069
summer

2040-2069
winter

Source: WPD Adaptation to Climate Change Report 2011.

5.3

Earthing

5.3.1

As ambient temperature rises, the amount of moisture in the ground may
decrease. The moisture content of the ground influences its ability to earth an
overhead line, where earthing is required. WPD initiated a programme in 2011 to
consider the potential for changes in the earthing performance of ground-types
across the four licence areas. The study, undertaken in conjunction with the
British Geological Survey, has produced geographical data of soil resistivity and
type which WPD is now incorporating into its design models.

5.4

Flooding

5.4.1

Flooding presents a serious climate risk to WPD’s infrastructure and this includes
current flood risk and the higher risks forecast as a result of climate change from
increased rainfall and higher sea levels. It therefore includes for fluvial, pluvial and
tidal flooding. To mitigate this risk WPD is undertaking a programme of flooding
resilience work that will continue to 2023. Resilience measures now in place at
major electricity substations have already provided protection against flooding
events. These measures do include for the potential impacts caused by surface
water flooding because information on its cause and effect has become more
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reliable. As with all electrical companies, WPD is reviewing the Energy Networks
Association’s (ENA’s) Engineering Technical Report (ETR 138) Resilience to
Flooding of Grid and Primary Substations. The revised guidance is being
redrafted to include surface water risk. WPD has included plans to protect
strategic substations from surface water flooding in the period from 2015 to 2023.

5.5

Vegetation growth

5.5.1

It is important that trees and other vegetation near overhead lines are managed to
prevent them touching or falling onto the line as this will lead to faults. Problems
occur particularly when there are very strong winds, combined with prolonged
rainfall which can make trees more prone to uprooting, with autumn storms being
potentially significant. The ENA Engineering Technical Report (ETR 132)
Improving Network Performance under Abnormal Weather Conditions by Use of a
Risk Based Approach to Vegetation Management near Electric Overhead Lines
provides guidance on how to improve network performance through resilience
under all abnormal weather conditions (therefore including snow, ice and high
temperatures).

5.6

Conclusion

5.6.1

WPD has given full consideration to the potential for climate change to affect the
resilience of its infrastructure. In response to this understanding of the potential
impacts from climate change it has reviewed the standards that it applies to the
design of new line and the refurbishment of existing ones. These standards are
informed in many cases by the work undertaken on behalf of the industry by the
ENA.
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6

Climate change resilience and the Brechfa Forest
Connection

6.1

Introduction

6.1.1

This section sets out how resilience has been embedded into the design of the
Brechfa Forest Connection with regard to the requirements of national policy and
to the potential for climate change to affect the infrastructure required for the
connection.

6.2

Overhead line

6.2.1

The overhead line has been designed to comply with WPD’s current 132kV
standards. Within this is embedded resilience to climate change, based upon
WPD’s, and the wider energy network companys’ understanding of potential
impacts.
Alignment and pole positioning

6.2.2

When developing the chosen route alignment, attention has been paid to the
proximity of the overhead line to existing features which may subsequently affect
its operation, as a result of climatic conditions.

6.2.3

Areas of woodland have been avoided where other environmental considerations
have allowed. However, the overhead line passes through one woodland (Nant
Morlais), at which point it follows a cleared corridor which accommodates the route
of an existing 11kV line. In addition to the woodland, the line also passes through
the Brechfa Forest. This is necessary to access the consented wind farm
substation.

6.2.4

Where the line passes through woodland or forest, or where it passes within
proximity to wooded area, WPD has adopted two approaches. Firstly, it has
ensured that the alignment is beyond the toppling height of the trees in question.
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Secondly, and accepting that the Order Limits include for limits of deviation, WPD
has chosen to restrict its ability to move closer to these wooded areas, thus
providing the examining authority with the assurance that appropriate clearance
will be maintained.
6.2.5

It is not possible to avoid the Nant Morlais wood or Brechfa Forest for either
environmental or technical reasons. As such WPD has included within its Order
Limits the ability to fell trees within Brechfa Forest and to lop, top or fell trees
within the wood. Working to WPD’s resilience tree cutting standards, which follow
the guidance contained within the ENA Engineering Technical Report (ETR 132)
Improving Network Performance under Abnormal Weather Conditions by Use of a
Risk Based Approach to Vegetation Management near Electric Overhead Lines, it
should ensure that the line remains resilient in these locations.

6.2.6

In other locations along the route, there may be a requirement to undertake work
on existing trees which lie within toppling distance of the line. In addition, future
vegetation growth during the lifetime of the connection, will require management to
ensure that the overhead line does not suffer from physical interference.

6.2.7

WPD will implement a five-yearly resilience vegetation management protocol to
ensure that appropriate clearances are maintained.
Design

6.2.8

The design of the poles proposed as part of the development is informed by wider
environmental and technical considerations but also by the potential to be affected
by extreme weather. As such all pole positions located on land above 300m are
designed as twin poles. Twin poles are more resilient to strong winds. The choice
of infrastructure type complies with WPD Company Directive ST (Standard
Technique) OH4B/1 ‘Relating to 66kV and 132kV Wood Pole Line Design’. This
document also specifies appropriate span lengths. The lengths are based in part
upon the severity of predicted weather conditions such that different parts of
WPD’s four licence areas are categorised according to the type of infrastructure
proposed and the altitude at which it will be placed. This ensures that the
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appropriate span length is selected relevant to the potential severity of the climate.
The same document also sets out the maximum wind loading spans for different
poles types at elevations below or above 300m.
6.2.9

In addition to clearance from vegetation, WPD has considered ground and existing
asset clearance in the design of the overhead line. The previous section of this
report has noted that as ambient temperatures rise, line sag may increase. The
standard employed in the design of this connection has been one that achieves a
clearance as required by WPD’s Policy OH1_6 Relating to Overhead Line
Clearances to Ground, Trees and other Objects, which is itself compliant with the
ENA document ENA 43-8.

6.2.10

Temperature increase can also affect the amount of current that can pass through
a conductor. The proposed development includes for a 200mm conductor. This
conductor size is the minimum used by WPD and it has been chosen because it
provides sufficient capacity to accommodate the current predicted but also
because it is smaller, lighter and can be accommodated on single (Trident) poles,
unlikely the larger and heavier 300mm conductor. With regard to resilience
against temperature increase, the 200mm conductor can accommodate more than
120MW of generated power which is a level almost 50% greater than the amount
which it will be required to operate with (the installed capacity for Brechfa Forest
West Wind Farm is 84MW). WPD considers that there is sufficient capacity within
the conductors to provide resilience to climate change.

6.2.11

Lightning activity is projected to increase in the future, resulting in an increase in
risk to the network of faults from this cause. Lightning can be most disruptive to
an overhead line where the line is short (preventing the dissipation of the power
surge) or where it affects a pole-mounted transformer or switchgear. The two
sections of overhead line which combine with the undergrounding of the River
Towy to form the Brechfa Forest Connection are 11.2km and 14.1 km. WPD’s
experience suggests that these are sufficient lengths to dissipate power surges.

6.2.12

No pole-mounted transformer or switchgear is required as part of the proposed
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development. As such, WPD Company Directive ST OH4B/1 does not require the
structures to be earthed, other than at the cable termination points (the interface
between overhead and undergrounding). The connection, as proposed by WPD,
is therefore designed to be ‘unearthed’.
6.2.13

Flooding is likely to increase as a result of increased frequency in extreme weather
events as a result of climate change. There are two locations on the overhead line
network where the location of poles lies within an area identified as being in either
Flood Zone C (pole 73 and poles 137-141). The DCO application is accompanied
by a Flood Consequence Assessment. For each location, the assessment
considers the issue of climate change and considers that in both locations
increased intensity and frequency of precipitation is likely to lead to reduced
infiltration and increased overland flow. However it concludes that due to the
nature of the development and the short time frame for its construction, climate
change will not result in an increase in surface water flood risk.

6.3

Undergrounding
It is proposed to underground 3.3km of the connection across the Towy Valley.
The River Towy passes through the valley and it is joined immediately to the west
of the proposed development crossing point by its tributary, the River Gwilli. The
crossing of the valley therefore takes place within an area of land designated
currently by NRW as being at a primarily ‘high’ probability of flooding (Zone C).
The FCA predicts that this probability will increase as a result of climate change.
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6.3.1

The primary purpose of undergrounding underneath the River Towy is to mitigate
the potentially significant impacts upon the special and historic landscape of the
valley. A secondary effect is that undergrounding removes the need for
infrastructure above ground within an area at high risk of flooding. In extreme
conditions debris carried by floodwaters may become lodged against an overhead
line pole (particularly twin poles) and this may result in damage to the line. It
should be noted however that WPD does have a number of existing overhead
lines elsewhere in the Towy Valley and no significant flood related damage to
infrastructure has been recorded in these locations.

6.4

Earth movement or subsidence caused by flooding or drought
(for underground cables)

6.4.1

Earth movement or subsidence could be caused by climate change as a result in
changes to the water table. Significant periods of drought may cause it to lower
and period of high precipitation may cause it to rise. UK climate change
predictions for precipitation for Wales, using the medium emissions scenario are
set out in Chapter 4. They suggest the change in annual mean precipitation may
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not occur, with increases or decreases of greater than 5% and 4% respectively
being very unlikely.
6.4.2

No change, or small changes in precipitation levels are unlikely to significant alter
water tables over which the proposed development would pass outside of normal
seasonal changes. As such earth movement or subsidence is unlikely to have a
significant effect upon underground cables as a result of climate change.

6.5

New Lodge Substation

6.5.1

The Development Consent Order (DCO) application does not include work to
substations. The Brechfa Forest West Wind Farm Substation received a DCO in
association with the wind farm. The work proposed to connect the generated
power to the Swansea North Grid Supply Point at the New Lodge Substation Burry
Port will be delivered under WPD’s existing permitted development rights and with
section 37 consent. The location of the substation is outside of Flood Zones B and
C. The requirement for increased resilience in response to future flooding
resulting from climate change will be considered by WPD within its plans to protect
strategic substations from surface water flooding in the period from 2015 to 2023.
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7

Conclusion

7.1.1

NPS EN-1 and EN-5 set how the applicant and examining authority should take
the effects of climate change into account when developing and consenting
infrastructure. It is important to ensure that new infrastructure is sufficiently
resilient against the possible impacts of climate change in order that it can satisfy
the future energy needs of the nation.

7.1.2

NPS EN-1 requires that applicants consider the impacts of climate change when
planning the location, design, construction, operation and, where appropriate,
decommissioning of new energy infrastructure.

7.1.3

NPS EN-5 advises that the applicant should, in particular, set out to what extent
the proposed development is expected to be vulnerable, for example in locations
potentially subject to coastal flooding, and as appropriate how it would be resilient
to:


flooding, particularly for substations that are vital for the electricity
transmission and distribution network;



effects of wind and storms on overhead lines;



higher average temperatures leading to increased transmission losses; and



earth movement or subsidence caused by flooding or drought (for
underground cables).

7.1.4

Current UK Climate Projections (UKCP09) provide a range of low to high emission
predictions across ranges of probabilities extending either side of a 50% central
estimate. WPD has used these estimates to inform its own research into the
potential vulnerability of its infrastructure to climate change. It has identified
potential vulnerabilities and concluded that increases in incidences of lightning
strike in the South Wales Licence Area have the greatest potential of occurring,
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recognising that the ability to accurately predict strong winds and gales is
challenging.
7.1.5

Consideration of climatic changes has informed the design of the proposed
development to the extent that it has been planned in accordance with WPD’s
current policies and standards. These incorporate the safeguards necessary to
ensure resilience to climate change. Whilst the design has also been influenced
by factors other than climate change, most notably the minimisation of
environmental impacts, it has been possible to provide resilience to climate
change. Such an example would be the proposed undergrounding across the
Towy Valley.

7.1.6

National policy advice also suggests that the decision-maker should be satisfied
that critical infrastructure, which may be affected by more radical changes to
climate is considered in the context of the high emissions (high impact, low
likelihood) scenario. The Brechfa Forest Connection, for which consent is sought,
does not include for critical elements such as a substation.
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