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Climate in energy models- Why is this relevant?

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020SC0176

Climate is already affecting the power sector…

What is the sensitivity to climate variability of the pathways for a carbon 

neutral power sector in 2030/2050?

Most models used for energy & climate 

policy support do not consider yet 

seasonal and long-term climate 

impacts

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020SC0176


Making energy and power models respond to 

climate variability

Optimisation 
of whole 
energy/ 

power system

Hydro, solar, 
wind availability

Power demand

Changes in 
thermal and 
RES power 
plant operation

Concurrent 
water uses

Climate

power storage (hydro and batteries) 

acq. & storage of fossil fuels

electricity prices

dispatch constraints

operational & maintenance costs 

CO2 emissions

biodiversity, flood protection, 

agriculture, transboundary 



Clim2Power Pipeline – from climate data to power 

indicators

Reanalysis

COSMO REA6, 

1995-2015, 1hr 

(daily), 6km

Climate Projections

EUROCORDEX, 11 

climate models, 

RCP4.5 & 8.5, 1976-

2065, daily, 12.5km

Machine Learning non-Douro + 
Hydrological models (Danube, 

Lule älv, Douro)

Input Indicators

• Hydro capacity factors 

(national)

• Wind & Solar capacity 

factors (NUT4)

• Variation in demand 

for space heating in 

buildings (national)

Output Indicators (national, trihourly)

• % of electricity generated from RES

• g CO2/kWh

• GWh and % power generated from wind, 

solar, hydro and total

• % usage of existing electric grid 

interconnection capacity

• electricity stored in batteries and hydro 

pumped storage (GWh)

(…)

Long-term
2030, 2050

(22 projections)

RCP4.5

RCP8.5

TIMES, Dispatch models, 
Machine Learning

Electricity, space heating demand 
(machine learning)

Carbon-neutral power system in 2050

TIMES (long-term) 

Dispa-SET (seasonal) 
models

Seasonal
(50 members)

1. Fall 2019 [SON]
2. Winter 2019/2020 [DJF]  
3. Spring 2020 [MAM]
4. Summer 2020 [JJA]

PV and wind statistical 
simulation tools

Seasonal Forecasts 

MPI-ESM-HR/GCFS2.0

10+  runs, 6 months 

ahead, daily, 6km, 

monthly updates

Co-Development 
with User Board(s)

Web Service 
Application

Carbon-neutral power system in 2050

with end-users

interactive, user-
friendly layout



Variation in average 

precipitation until 2045 

Precipitation1976-2005 

11 different climate models

% anomalies 

2016-2045

RCP4.5

Severe climate 

change

RCP8.5

Very extreme 

climate change

(red means less 

precipitation, 

blue is more)



Challenge of considering climate with sufficient detail

Total of 686+ regions

273 (+ 5) Portuguese 

municipalities

263 NUTS2 

regions for 

Europa 

excluding 

Portugal

96 maritime 

regions 

(intersection of 

IHO seas and EEZ 

areas)

IHO: international hydrographic association, EEZ: exclusive economic zone, NUTS: Nomenclature des unités territoriales statistiques



How capacity factors could look like in 2050



Modelling system wide interactions

Integrating the building blocs

To provide insights at the system level

Systemic effect

Country scale 

VRES 

dynamics

Other RES 

supply

Coal, Gas, Oil, 

Nuclear 

supply

Country scale 

loads

o Short term balancing decisions

o Long term planning and investment decisions

o Short-term markets

Consistent set of EU-wide time series of climate variable

2791 TWh in 2018

~900 GW of installed capacity

Hourly load ramps ~ -62/99 

GW



Evolution of % RES power across Europe



Clim2power webservice

2-4 pages report (pfd) with 

most relevant output 

indicators per country 

Interactive maps for outputs 

and indicators per country, 

region or whole of Europe

Raw data (output 

indicators) to be 

downloaded)

3 infographics for selected 

output indicators

http://viewer.webservice-energy.org/clim2power/



GWh hydro in a  Spring day in Romania “now” and in future

http://viewer.webservice-energy.org/clim2power/

2017 2020

2030 2050



Some messages to take home

• We are combining impact of climate (seasonal and long-term) in the whole 

interconnected European power system – we assume the country generating the 

“cheapest” power at any given moment can trade freely their power across Europe

In the long-term overall EU renewable electricity and CO2 emission reduction targets 

are “climate sound”, but this is due a the expense of very different roles and power 

sector changes in different countries. Some countries are more “climate sensitive” than 

other. If we do not have free power trade and very fast investment in across Europe, it 

could by much trickier to climate proof the EU (and national) energy and climate 

policies



Thanks everyone!

Project CLIM2POWER is part of ERA4CS, an ERA-NET initiated by JPI Climate, and funded by FORMAS (SE), DLR (DE), 
BMWFW (AT), FCT (PT), EPA (IE), ANR (FR) with co-funding  by the European Union (Grant 690462).

More on CLIM2POWER:

https://clim2power.com/

sofia.simoes@lneg.pt


