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different projections of climatic outcomes over the 21st century to assess how
important key metrics of a highly renewable electricity system are affected by

climate change.
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* Understand how the temperature increase
will affect the European electric system

* Make the previous study more robust:

* From 6 to 9 models

Focus on the differences between model

results
Yearly averaged and smoothed (10 years) temperatures from the regional model HIRAM5
for the 3 IPCC scenarios, RCP2.6 (green), RCP4.5 (blue) and RCP8.5 (red) and the historical
period (black)
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* Creating a network connecting 30 European
countries

* Assuming 100% renewable generation as
solar and wind power

* Basing the load on the current electricity
consumption

* Forecasting the future temperature, wind
speed and solar radiation in Europe

* Forcing 3 IPCC scenarios on global models

and downscaling them on regional models
(EURO-CORDEX)
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* Creating a network connecting 30 European

countries — 1200 -
S
* Assuming 100% renewable generation as O %_ 1000 -
. C —
solar and wind power D wn
T
o - 2 -2 800-
Basing the load on the current electricity S
consumption =
N qc) 600 B
* Forecasting the future temperature, wind 8 -
speed and solar radiation in Europe S 400 -
* Forcing 3 IPCC scenarios on global models 19|80 2()I20 20|60 21|00
and downscaling them on regional models Year
(E U RO-CO RD EX) Forecast of CO_2 concentration from the 3 IPCC scenarios, RCP2.6 (green), RCP4.5 (blue)

and RCP8.5 (red) and the historical period (black)
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o d Data treatment

e Spatial resolution of 12x12 km = smoothed power curve |
* Temporal resolution of 3 hours 1
* Conversion of data into power:
* Wind speed —> Wind power |
* Solar radiation —> Solar power 5n o » o w
ity
P - Wind speed
§ o hime o) o Hub height .
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o d Data treatment

* Spatial resolution of 12x12 km

* Temporal resolution of 3 hours

* Conversion of data into power:
* Wind speed —> Wind power

* Solar radiation —> Solar power
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Spatial resolution of 12x12 km
Temporal resolution of 3 hours
Conversion of data into power:

* Wind speed —> Wind power

* Solar radiation —> Solar power
Validation of the data:

* Minimisation of the Kullback - Leibler
divergence equation

Balancing equation of the network

Roberto Bricalli - roberto.bricalli@post.au.dk

Data treatment
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Heat maps of the resulting Kullback-Leibler divergence, D«, for United Kingdom, Greece and
Ireland in the climate model CCLMA4-MPI-ESM-LR for solar (left) and wind (right) power. The black
dots indicate the optimal values
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o d Data treatment

GBR GRC GBR GRC

A 4

0.1 03 05 0.7 09 -2 2 4 6 8 10

* Spatial resolution of 12x12 km

* Temporal resolution of 3 hours
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° . . ] Heat maps of the resulting Kullback-Leibler divergence, D«, for United Kingdom, Greece and
Val |d atIOn Of th e d ata . Ireland in the climate model CCLMA4-MPI-ESM-LR for solar (left) and wind (right) power. The black

dots indicate the optimal values

* Minimisation of the Kullback - Leibler
divergence equation Gr (£) — Ly (t) = Bp(t) + Po(2)

GE(t) =G (t) + G5 (t
* Balancing equation of the network n (8) n (t) + Gr(t)
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2 e Key metrics

Dispatchable electricity
GJ() = — min(B,(1),0)

Necessary non-renewable energy

Benefit of transmission

Change in dispatchable electricity in case of zero and infinitive transmission

Benefit of storage

Change in dispatchable electricity in case of smooth and not smooth load

Dispatchable Capacity

Non-renewable capacity necessary to generate 99% of the necessary power

Short-term variability

Average fluctuation of the non-renewable electricity for continuous time steps
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2 e Key metrics

Dispatchable electricity
GE(t) = — min(B,(1),0)

Necessary non-renewable energy

Benefit of transmission

Change in dispatchable electricity in case of zero and infinitive transmission

Benefit of storage

Change in dispatchable electricity in case of smooth and not smooth load

Dispatchable Capacity ky

Non-renewable capacity necessary to generate 99% of the necessary power Jo

Short-term variability
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Average fluctuation of the non-renewable electricity for continuous time steps
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— Historical — RCP4.5
—— RCP2.6 — RCP8.5

* |mpact of wind penetration at the end of the
century

* Models average

* Time average of the end of the century
2080-2100

* Accordance between models N | | | |
0.0 0.2 04 0.6 0.8 1.0

Wind share

Model ensemble average trend of the Dispatchable Electricity metric as
a function of the renewable power mix (solar-wind) for the historical
period 1996-2006 (black), and predicted period 2080-2100
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Results

patchable Capacity

O

Trend of the 5 Key Metrics as a function of the renewable power mix (solar-wind) of the ensemble average over all the models for the historical period 1996-2006 (black), and predicted
period 2080-2100 under the 3 ICPP pathways RCP2.6, RCP4.5 and RCP8.5, green, blue and red respectively.
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Results
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Time average comparison between all the models for the 5 Key Metrics. The colours black, green, blue and red represent historical period (1996-2006), RCP2.6, RCP4.5 and
RCP8.5 pathways for the end of the century 2080-2100 respectively.
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OW can we improve?

1 200 000
1 000 000
800 000
GO0 000
400 000
200 000
0
1990 1945 2000 2005 2010 2015 2017
m Solid fossil fuels m il and petroleum products ® Natural gas
m Renewables and biofuels mElectricity m Heat
mOther

Historical trend of final energy consumption by fuel in the EU in [ktoe]
Source: Energy balance sheet - Data 2017 - Edition 2019
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Summary

* (Goals

* Understand how the temperature increase will affect the European electric system

* Support the results of the already published paper

* Results

* General impact of climate change lower than annual variation
* Storage metric effected in the case of high solar penetration and high CO2 emissions

* All the 9 models agree on the results and validate the conclusions of the main paper
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