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Extreme temperatures & Power systems

Greece’s Po“: id Under Strain Amid Heatwave | O utag e i N TO u I o u se ; J u I . 2 0 1 9 , F R

: ‘ Toulouse. Plus d'un millier de clients privés
Power grid outage in Greece: d'électricité pendant plusieurs heures

Lundi 22 juillet 2019, en fin de journée, deux coupures ont eu lieu a Toulouse privant

h ig h 'VOItage tra nS m iSSiOn d'électricité de nombreux clients dans le quartier de la Reynerie. En voici les raisons.
system at fault, Jul. 2025




Extreme temperature & Power systems

ENERGIES - NUCLEAIRE

Canicule : EDF doit mettre a I’arrét deux
réacteurs nucléaires

Lavague de chaleur qui s’abat surla France risque de conduire 4 des baisses de production,
voire a d’autres arréts de réacteurs, notamment en bordure du Rhéne.

Par Nahil Wakim

Publié le 22 juillet 2019 & 18h45, modifié le 23 juillet 2019 410h24 - @ Lecture 3 min

La centrale de Golfech

MOoINsS pour une journee, enra




Extreme temperatures & Power systems
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climatique (Carbone4, Aboukrat & Lepousez)




Attribution science

The process of evaluating the relative contributions of multiple causal factors to a
change or event with an assignment of statistical confidence.
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ERAS5 reanalyzed gridded data

Figure from Otto FEL. 2017,. Annu.Rev.Environ.Resour




Conditional attribution

» Dates of weather analogs

Analyse of the climatic event

(2 Data:

Surface Pressure Anomalies
- gridded data from reanalyses based on ERA5 (1950 to Present)

Reference period:1950 to Present

® Event Definition:
- Time averaged Surface Pressure Anomalies map in a lon-lat box

@, Analogues Analysis

- Assess differences in Present vs. Past Analogues

@® Periods:
Temperature Anomalies - Split into two periods (1950 - 1980 | 1980 — 2024 )

Reference period:1950 to Present

R .1l Diagnosed Changes: ©) §* 4 =3

- Pressure, Temperature, Precipitation, Winds

€ Natural Variability Modes Change of phase in analogues:
- ENSO, AMO, PDO




Weather analo gS Temporal mean of

the variable

Historical record A

Counter
factual world

Factual world
Euclidiens

distances

Present

4

. Threshold
tl e Actual i
world

Figures from : Marfa Laura Bettolli, Analog Models for Empirical-Statistical Downscaling

Counterfactual
world

Likelihood

Climate variable




Heatwave of 23-24 July 2019
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Heatwave of 23-24 July 2019

present - past
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Heatwave of 23-24 July 2019

Climate variability

present - past
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Heatwave of 23-24 July 2019
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Conditional attribution

Climate variability
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From climate event attribution to impact

attribution: what 1s the next step?




Conditional attribution
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Conditional attribution

Climate variability

Anomalies of
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From climate event attribution to impact attribution: what is the next step?

Focus on the energy system:

15t approach: T :
Attribution of renewable energy production: a case study




Modeling the impact on renewable production

Method ' Spatial distribution of renewable production

under current capacity
Model potentiel & production

&/ Data:
PV panel §*3%=2 . .a a
Wind turbine =2 - gridded data from reanalyses based on ERA5 (1950 to Present)

PV capacity factor = f(Tcell, R)

- gridded installed renewable power in France in 2022 (FFR open data)

@ Capacity factor definition:
- Ratio of actual production to maximum possible output, calibrated

to current system performance

Potential map Production map Q Analog.ues Analysis
]| E— - Assess differences in Present vs. Past Analogues

i © Periods:
- Split into two periods (1950 - 1980 | 1980 — 2024 )

it ¥
n 5" ¢ )
E } 1l Diagnosed Changes:
gA7 - Capacity tactors, production of PV panel, windfarms
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Modeling the impact on renewable production

Method ' Spatial distribution of renewable production

under current capacity
Model potentiel & production

7 Data:
- gridded data from reanalyses based on ERA5 (1950 to Present)

Potential of production of a wind turbinein = _" ojqded installed renewable power in France in 2022 (FR open data)

relation to wind speed
@ Capacity factor definition:

2oes L Zoned - Ratio of actual production to maximum possible output, calibrated

to current system performance

Pwr = Pyr nom Pyr =10

g @, Analogues Analysis

- Assess differences in Present vs. Past Analogues

© Periods:
- Split into two periods (1950 - 1980 | 1980 — 2024 )

1l Diagnosed Changes:

Wind speed . . )
- Capacity tactors, production of PV panel, windfarms
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Method ' Spatial distribution of renewable production

under current capacity
Model potentiel & production

7 Data:
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Solar radiation W.m~2 - Capacity tactors, production of PV panel, windfarms




Modeling the impact on renewable production

Method ' Spatial distribution of renewable production

under current capacity
Model potentiel & production

7 Data:
- gridded data from reanalyses based on ERA5 (1950 to Present)
- gridded installed renewable power in France in 2022 (FFR open data)

Potential of production of a PV panel in
relation to solar radiation & T cgll

1.0+ N\ C

@ Capacity factor definition:
- Ratio of actual production to maximum possible output, calibrated
to current system performance

@, Analogues Analysis

- Assess differences in Present vs. Past Analogues

© Periods:
- Split into two periods (1950 - 1980 | 1980 — 2024 )

200 400, 600 800 1000 1200 1400 WD lagposed Changes: . .
Oz Solar radiation W.m™2 - Capacity tactors, production of PV panel, windfarms
e

T° PV cell = f{f;30:,22 )
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Modeling the impact on renewable production : Heatwave of 23-24 Jul
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Modeling the impact on renewable production : Heatwave of 23-24 Jul

WIND FARMS ANALYSIS
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Modeling the impact on renewable production

Method Increase or decrease in production,
» Spatial mapping

Statistically significant difference
7 Data:
B i B PAST . - gridded data from reanalyses based on ERA5 (1950 to Present)

PRESENT - gridded installed renewable power in France in 2022 (FFR open data)
Average

factual analogs factual © Capacity factor definition:
B B analogs - Ratio of actual production to maximum possible output, calibrated

Average counter

to current system performance

Bootstrap analysis

o A . ]
analogs dates Lim @, Analogues Analysis

N - Assess differences in Present vs. Past Analogues

Counterfactual ~ Factual — 0.10 :
. # °
® Periods:

0-05- - Split into two periods (1950 - 1980 | 1980 — 2024 )

0-00  [af Diagnosed Changes:
0.0 - Capacity factors, production of PV panel, windfarms

[ CAPACITY FACTOR

-0.1




Modeling the impact on renewable production

Method ' Increase or decrease in production,

Spatial mappin
Statistically significant difference P pPPIng

7 Data:
- gridded data from reanalyses based on ERA5 (1950 to Present)
- gridded installed renewable power in France in 2022 (FFR open data)

© Capacity factor definition:
- Ratio of actual production to maximum possible output, calibrated
to current system performance
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- Assess differences in Present vs. Past Analogues

© Periods:
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Modeling the impact on renewable production

Method ' Increase or decrease in production,

Spatial mapping
Statistically significant difference
7 Data:
- gridded data from reanalyses based on ERA5 (1950 to Present)

analogs dates . ) _ .
- gridded installed renewable power in France in 2022 (FFR open data)

Counterfactual Factual
-past- -present-

N random sort

© Capacity factor definition:
- Ratio of actual production to maximum possible output, calibrated
to current system performance

Average Q Analogues Analysis

over time . .
- Assess differences in Present vs. Past Analogues

© Periods:
- Split into two periods (1950 - 1980 | 1980 — 2024 )
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Modeling the impact on renewable production

Method ' Increase or decrease in production,

Spatial mapping
Statistically significant difference
7 Data:
- gridded data from reanalyses based on ERA5 (1950 to Present)
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Modeling the impact on renewable production : Heatwave of 23-24 Jul

PV PANEL ANALYSIS
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Modeling the impact on renewable production : Heatwave of 23-24 Jul

WIND FARMS ANALYSIS
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Conclusion Impacts of extreme

Extreme events attribution temperatures on renewable
energy production

A ClimaMeter approach applied to energy production :
* Production potential modeled trom weather variables ;
* Estimated production based on 2022 installed capacity ;

* Spatial mapping of gains and losses ;

* Identification of statistically significant variations.




Perspectives

EnergyMeter : A methodological framework to assess the
impacts of extreme temperatures on the power systems

* Integration of additional production source (thermal, hydro) ;
* Evaluation of energy demand sensitivity to temperature

extremes ;
° Analysis of vulnerabilities 1n transmission and distribution

networks ;
* Additional case studies focused on the Mediterranean Basin.
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