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Demand level (GW)

Events dlsturblng the electricity system

Demand & Residual Demand Duration Curves - 2020, 2030 and 2040 Scenarios

How to meet peak residual demand
at least cost?

5 i : How to minimise
total cost of curtailment?
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2030 Scenario Demand vs Residual Demand: 15th Nov

Frequency (Hz)

Hourly energy profile: model of January 9 2030

GB with 14.5GW of interconnection
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Lightning -> loss of 1561 M.
150 MW DG Vector shift
+737 MW Homsea

+244 MW LITB ST1

+430 MW DG RoCoF

2755 -

230 MW of 49.6Hz
triggered primary
static response
implements in 1s

Modelled Frequency & RoCoF vs Real System Measurement

GB, August 9" 2019
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First 10s.

~BBO MW response +
~500 MW demand
reduction

0.125Hz/s RoCoF
it breached

=~1380 MW response
V5 1561 MW loss event
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~76s

Further loss of
~200 MW

LFDD acts with ~330 MW
net mpact - yet reported

LITB GT1
210 MW

demand loss of ~830 MW

Enhanced response deivers
165 MW over

Primary dynamic response
delivers 485 MW over ~8s
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49.9Hz

~225

DG 2t 49.0 Hz

lots more DG ripped?

497 Hz static response
toggers after 205 delay
and ramps to 198 MW
over 10s

Unexplained slow
drop m frequency
before 2nd set of
events tngger
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Compound, common mode or correlated events =
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Impacts of weather, climate change, geopolitics, type faults, ... BloombergUK Staticyce
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Markets France’s Nuclear Shutdown Hits 50% of
Reactors, Squeezing Supply

» Some 28 reactors in France are now offline for maintenance
» That's keeping power prices high amid Europe’s energy crunch

By Jesper Starn
29 April 2022 at 14:53 BST
Listen to this article The halt of yet another nuclear unit in France means half of its
> 1:26 reactors are now offline for maintenance, keeping power supplies
tight in a country that is traditionally one of Europe’s biggest

Share this article .
electricity exporters.
Twenty-eight reactors are offline as Electricite de France SA

Follow the authors i S
—_— struggles with extended outages after corrosion issues were found at

@uesperStam some sites, requiring lengthy checks and repairs. The extra works

f;:‘“s"'f,:“’ come on top of already scheduled halts for refueling and regular

and has brought French nuclear output to the lowest
in more than decade for the time of year.

riptions  Search jobs @ My account Q Search FEgy UK edition
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A & P g ord Stream 1: Gazprom announces
” » indefinite shutd f pipeli
December 2019 and January 2020 "Black Summer Storm Arwen, late November 2021 i

with bushfires and extreme heat in Australia « Severe weatherin the UK, winds reaching Germanyon Sty morming

» Unexpected temperature derating of wind farms up to 98 mph (158 km/h) in some areas po e

* Reductionsin PV output due to smoke, « Approximately 40,000 customers were A0
particulate and voltage fluctuations without supply for more than three days

* Numerous local distribution and transmission * Nearly 4,000 customers were off supply for
outages over a week.

« The separation of NSW and VIC, with (T :
frequency excursions o

through its key Noed Stream 1 pipeline to Germany on Friday evening,

* The later separation of NSW and QLD SRR TN B A MOpRE
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The critical importance of electricity e A
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Smart phones, Modern Controllable Induction Hobs
(as a substitute for gas), Smart home systems, Wifi Routers, 2010 - Today

Plug In Hybrid Cars and Electric Vehicles

Increasing Computers, Microwaves, Videos,
fEhﬂl“:E Security systems

electlicity

Essential
Services

1980 -1995

Televisions, Washing

Machines 1965 - 1980

Radios, Fridge/
Freezers, 1950 - 19465
Lighting

Figures: https://erpuk.org/project/future-resilience-of-the-uk-electricity-system/
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Surviving disturbances

Resilience

Prevention of
Containment of
Recovery from

Restoration

Containment

Prevention

Actions to
reduce duration
of interruption

Actions to minimise
initial extent of interruption
and its spread

Actions to minimise
frequency of interruption

Interruptions
to supply

Measure

* Defence plan

* Special protection scheme

» Restoration plan

* Online security management

» Defence plan
» Special protection scheme
* Online security management

 Planning policy

* Maintenance policy

* Online security management
» Power system analysis

» Telecommunications
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» Is there enough generation to meet demand?

Can it respond quickly enough?

« Is there enough network capacity to get power
from generators to demand?

* Is the system resilient against the changing climate?

« How does the system respond to unplanned changes,
e.g. faults?

Are the generation and network responses (protection,
reactive compensation, UFLS, ...) coordinated well?

Frequency and size of supply interruptions?
Speed of restoration of interrupted demand?
Can the system perform a black start?

What happens to energy users in the meantime?

See CIGRE WG C1.17, “Planning to Manage Power Interruption Events”,
Technical Brochure 433, CIGRE, Paris, October 2010



Disturbances and ensuring resilience

Resilience

The power system

D
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Design of Investmentin Processes and structures e hina th
« Primary equipment « Primary equipment » Construction verything that
* Monitoring, protection * Monitoring, protection « Maintenance & repair a ﬁ_owcclar system
and control equipment and control equipment « Planning & investment Ut':y 0€S y
« ICT systems « ICT systems - Operation netwoor
* The power system The power system » Stakeholder relations owner:
- * Asystem
4 Reliability I operator?
* Generators?
* Quantification of probability of Prevention Recovery « Owners of
preventing adverse outcomes of adverse from adverse loads?
» Operational rules for prevention & OUICOMES OIS * Retailers?
\_ containment of adverse outcomes ]
L J
Y
{ A \ Need for
Disturbances codes and
, A \ standards to
System users’ Actions of Policy makers’ Equipment Weather The natural govern the
actions malicious actors actions failure environment relationships?
I : \
Society, technology Climate Who is responsible for supporting energy

and the economy

users in the event of loss of grid?
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Climate change impacts on the
electricity system
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Our climate is changing
Projected changes in global mean annual surface
temperature compared to 1850-19200
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agreement scenario - 5th to 95th
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Bringing changes to a number of critical hazards
Observed and projected changes in UK hazards due to
climate change

Observed change

Expected change by
mid-century

2°C global warming by
the end of the century

4°C global warming by
the end of the century

Average annual UK
temperatures

0.6°C
from 1981 - 2000

~1.3°C
from 1981 - 2000

~1.5°C
from 1981 - 2000

~3°C
from 1981 — 2000

Hot summer occurrence
- 2018 summer’

10 - 25%

chance each year

~50%

chance each year

~50%

chance each year

>>50%

chance each year

Average summer rainfall

0

no significant long-term
trend

~10%
drier than over 1981 - 2000

~15%
drier than over 1981 - 2000

~30%
drier than over 1981 - 2000

Average winter rainfall

0

no significantlong-term
trend

~5%

weftter than over 1981 -
2000

~5%

wetter than over 1981 -
2000

~20%

wetter than over 1981 -
2000

Heavy rainfall 0 ~10% ~20% ~50%
some increase, but not increase increase increase
significant long-term tfrend

Sea level rise ~6.5cm 10 -30cm 25 -45cm 55 -80cm

above 1981 — 2000

above 1981 — 2000

above 1981 — 2000

above 1981 — 2000

Climate
Change
Committee

Source
UKCP18 projections



Demand side impacts
50% increase in electricity demand by 2035 and a doubling
in electricity demand by 2050
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Source

« Charas BEIS (2022) Energy Trends; CCC (2020) The Sixth
Committee Carbon Budget



Supply side impacts
The risk of extreme weather events is increasing

Climate hazard Expected change by Potential impacts
2050 Generation Transmission & distribution
Heatwaves ~50% chance of 2018 Efficiency loss at thermal generation Efficiency loss on transmission
summer each year plants lines at high temperature
around 10-25% ' ici '
(arou % nghe( demand for eIeg’rncﬁy for cooling Restrictions of thermal ratings
currently) meaning more generation required of assets
Maximum operating temperatures for
components exceeded
Flooding (river, ~5% wetter winters on Loss of generation capacity due to Loss of fransmission &
I ([Nl R L) average (compared to | inundation distribution capacity due to
1981-2000) flood damage
~10% increased intensity
of heavy rainfall
10 - 30 cm increase in
average sea levels
(above 1981-2000 levels)
~10% drier summers on | Loss of generation capacity due to lack |-
average (than over 1981 | of water supply for cooling or other
—2000) production processes
. Source
« gag;%%tee UKCP18 Projections; summarised in CCC (2021)

Independent Assessment of UK Climate Risk



Supply side impacts

For some critical hazards, future impacts remain uncertain

Climate hazard Expected change by 2050

I BSiEhTei i Re[i[e M Highly uncertain
wind regimes

Potential impacts

Generation

Potential large-scale and
coordinated loss of wind
generation during wind
droughts

Potential large-scale and
coordinated loss of wind
generation during high
wind speed shutdown of
turbines

Transmission & distribution

Loss of network capacity
due to damage in high
winds

Storminess and Highly uncertain
occurrence of
storm events

Loss of generation
capacity due to damage
during storm events

Potential large-scale and
coordinated loss of wind
generation during high
wind speed shutdown of
turbines

Loss of network capacity
due to damage in storm
events

Climate
Change
Committee

Source
UKCP18 Projections; summarised in CCC (2021)
Independent Assessment of UK Climate Risk



1. Extreme Rainfall & Sea Level Rise / Infrastructure Damage

rupted BE Lost
Productivity

EIE Lost Productivity
ris k_ to health g |
SOCIal cara n'E.IiI.-'Eer_',r

I_‘:|.;:_|

* Transport infra includes
= roads

= rail tracks
* runways
* Transport hubs include
+ stations
* airports
Impact nodes « ports
. i Hazardous event nodes umnits of quantity affectad; people _ B )
Climate Driver nodes units of probability; retum affected; finandial loss; Nl CCRA2 Risk Descriptor codes
pariod; frequency; or ecosysiem services affected;
anantity affectad land area affected Source
« Shmae WSP (2020) Interacting risks in infrastructure and the
Committee built and natural environments



The solutions are clear and actionable

We need to design and build the future energy system so that it can continue to operate under these
changing conditions

Future climate impacts must be reflected in site selection and design, as well as in maintenance and life
extension of existing assets.

Minimum resilience standards are needed to enable this, covering regulated parties and all relevant climate
hazards identified in the UK Climate Change Risk Assessment (CCRA).

Changes in demand due to climate change need to be factored into future planning.

Changes in weather hazards which remain uncertain are challenging but need to be planned for, such as wind
droughts and the implications of reduced water availability.

Further research is needed to improve understanding of how climate change will alter key weather hazards that
willimpact the energy system. A more systematic assessment of risks posed from cascading impacts due to
failures of the energy system is also needed.

Key enablers to achieve these outcomes include clearer governance remits for resilience, better indicators and
incorporation of resilience into Net Zero investment decisions.
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