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Introduction
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* Long event (from 1 to 30 days), in winter
* Scale of Europe

These extreme events are a combination of:

* |low renewable production
* high demand

— Questions

* What are the probabilities of such events?
* What are the dynamics associated? European Power Grid,
e-Highway2050 project (2015)
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Climate and energy models

Climate model

* CESM 1.2.2 (NCAR)

* Atmospheric and land components, but no ocean component

* 1000 years of climate data in stationary conditions (2000s climate)

Simple energy model [1]

European aggregated

*  Wind production

* Solar PV production

* Electricity demand

* National Trend scenario of wind and solar PV installed capacity (TYNDP)

[1] van der Wiel et al. Environ. Res. Lett. (2019)
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Distribution of monthly residual load events

residual load =
Demand - (wind + PV)  demand - (wind + PV) A
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We look at

* 10-year events 300 ‘ o
* 100-year events (red dots) S PRESETES N D PRESFTESEN © PP SFTESEAN

10°

cevzos @R T TR TR TRl AR W Bastien Cozian




U B N BEEEE BT e moo i I MR B
Compound events

r =10 years Composite maps of 10-year daily events

2-meter temperature (°C) 10-meter wind speed (m s™1) Solar radiation (W m~2)

-

Compound events:

* Low wind speed

* Low temperature
_15 °* Low solar radiation
~25 in Southern Europe

500 hPa geop. height (m) Consistent with van der Wiel et al. (2019)
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Influence of event duration and amplitude

r =10 years Longer events
T:lday ’-N T=30dayS

* Same dipole pattern for daily and
monthly events
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Influence of event duration and amplitude

r =10 years Longer events
T:lday ’-N T=30dayS

* Same dipole pattern for daily and
monthly events

\) More extreme events

* More extreme events also show
the same pattern

* Probably stronger teleconnection
pattern (need more data)
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Rare event algorithm: principle

* Algorithm originally developped using
statistical physics ideas

* Each trajectory is a simulation of the climate
model

residual load (GW)

* 100 trajectories, with 100 independent initial
conditions

. . days

e ( )
Every 5 days, traJeCtorleS that « perform ) First 15 days of a rare events algorithm experiment.
the best (according to a score function) are
cloned, the others are killed
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Improved sampling of rare events

PDF of 30-day events Control simulation
e 1000-year simulation 1000 years of climate simulation for
W rare event algorithm (x3) : 10 independent 100-year events.
Computational
cost ,
Rare event algorithm
33 years (+100 years) of climate simulation for
8 independent 100-year events.
_ * We can sample the same number of
125 150 175 200 225 250 .
residual load (GW) extreme events at lower numerical cost
Or
- = 100-year events * We can sample rpore extreme events with
the same numerical cost.
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Estimation of the return time

Return time curves for 30-day events
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 We can estimate the return time of
monthly events up to 10,000 years

[
oo
o

residual load (GW)
N
o
o

160

140 - e 1000-year simulation
== rare event algorithm (x3)

1 10 100 1,000 10,000
return time (years)
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Teleconnection patterns are more significant

fi(a) — po
One sample t-test: ¢ =
g s/vM
r =100 years

T=30d T=30d
. i 2V * Extreme 100-year events show a

significant teleconnection pattern,
highlighting characteristic large-
scale dynamics.

P
500 hPa geop. height {m)

(RN
500 hPa geop. height (m)

I
L

* Alarge-scale pattern could lead to

stronger predictability.
1000-year Rare event algorithm BErp Y

control simulation
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Conclusions

* Extreme 10-year daily and monthly events of residual load are
associated with a geopotential height dipole in Europe.

* There is a lack of data to study extreme 100-year events.

* Rare event algorithm can sample more extreme events with a smaller
numerical cost.

*  We can estimate the return time of monthly events up to 10,000 years.

* Extreme 100-year events show significant teleconnection patterns,
potentially predictable

bastien.cozian@ens-lyon.fr
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Appendix
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Simple model [1]

*  Wind production
* Solar PV production
* Electricity demand

With 8 scenarios of wind and
solar PV installed capacity.

Capacity factor

[1] van der Wiel et al. Environ. Res. Lett. (2019)
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Renewable production and demand model

lllustration of the wind model
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[14] 1B

X5 x1073

1.2

Installed capacity density (in %)
of one of the 8 scenarios
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Demand model

Population density Demand

10 1

- 4200 MW / °C

B
T 97 o 61
R o O
= =
-~ 8
T = 4
© -
S ,
3 + 800 MW / °C

6 -

D. S

~10 0 10 20 30 A A
Temperature weighted by population density (°C) VP& oo @ eReY
Energy demand model for 15 European

countries, based on 2006-2015 ENTSO-e data.

Van der Wiel et al. (2019a)
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Wind production model

Wind (onshore 4 offshore)

| 9 0'7
" . m— X5 = (19.3%) === DE  (17.0 %)
— X7 (19.6 %) = GA (17.1 %)
0.6 1 — X10  (20.9 %) “NT  (16.8 %)
— X13  (21.0 %) REF2016 (18.4 %)
— X16  (20.2 %)
0.5 1
S
> 2 |
_O u('g 0.4-, | | 4 § = ALI‘.:...' - : - 4
~— - .
< 2 031
= 9
= o
O 0.21
(@)
0.1 { et
(@)

0.0 — T .
&q&Qd}cp“ & Kéo(«‘?’('zﬂ‘é@*\"o X

Mean and standard deviation of
capacity factor for all scenarios

Counts

Scenario eHighway2050 - X10

Ensdetyon BRI T B TR B IR EGE R RN RRR RS 'l Bastien Cozian



U BEE F SRR ey im o mo 1 e 2 W NS I EEINRE N B
Solar PV production model

Wind PV Wind + PV

10

TWh / day

R T e e
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@ Solar PV production = f (W, q4iations Tair» WS)
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Wind installed capacity
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Solar PV installed capacity
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Definition of 30-day residual load events

We define the random variable £, as the date when the maximum T-day
average of the observable A occurs:

t, = argmax {i /HT R(u) du} : (10)

tel0,T, —T] T

We note A, and X, the T-day average values:

t+T
A, = te[&lﬁx—ﬂ {% /t R(u) du} = Ar(t.) (11)

Composite map = E[X‘A > CL]
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Bias of our climate model w.r.t. reanalysis

CESM — ERA5S

CESM ERAS
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Composite maps pattern depends little onr, T or sce

Return time /I Change scenario
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Significance map for control run  t= i

r =10 years r = 100 years r= 10 years r = 100 years
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Significance map for G
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Significance map for GKTL
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