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C3S Energy – Seminar  - PART 1

Copernicus Climate Change Service (C3S) ENERGY SEMINAR 
13:30 - 17:30  Monday 26 JUNE 2023

13:30 – 13:45 C3S Enhanced Operational Services for the Energy Sector 
Introduction - Alberto Troccoli (ICS/WEMC)

13:45 - 14:00 Copernicus Climate Change Service - Sam Almond (ECMWF) – remote

14:00 - 15:30 C3S Enhanced Operational Global Service 
for the Energy Sector – Global

14:00-14:15 Climate Data and Bias Adjustment - Letizia Lusito (ICS)
14:15-14:30 Global Energy Data - Elena Restivo (ICS)
14:30-14:45 Global Solar PV Indicator - Rodrigo Amaro e Silva (ARMINES)

14:45 – 15:00 Global Electricity Demand Indicator - Sylvie Parey (EDF)
15:00-15:30 Q&A and discussion

15:30 – 16:00 Coffee Break
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C3S Energy – Seminar – PART 2 

Copernicus Climate Change Service (C3S) ENERGY SEMINAR 
13:30 - 17:30  Monday 26 JUNE 2023

16:00 - 17:30 C3S Enhanced Operational European Service 
in Support to ENTSO-E

16:00 - 16:15 Introduction to the requirements for the ENTSO-E's Pan-European 
Climate Database - Ilaria Federici (ENTSO-E) 

16:15 - 16:30 European Hydropower Indicators for the PECD - Giovanni Aldrigo (ICS)

16:30 - 16:45 European Wind Power Indicators for the PECD - Matti Juhani Koivisto 
(DTU) – remote

16:45 - 17:00 European Solar Power Indicators for the PECD - Rodrigo Amaro e Silva 
(ARMINES)

17:00 - 17:25 Q&A and discussion
17:25 - 17:30 Summary, next steps and closing - Alberto Troccoli (ICS/WEMC)
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C3S Energy – Enhanced operational service for the Energy Sector

Lot 1 (Oct 2022—Sep 2025): Enhanced Energy Service, to produce operational high-
quality global climate and energy indicators for the energy sector.   
The objectives are:
• To deliver an enhanced operational energy service at the global scale extending the 

current operational service at the European scale and covering three streams: past 
climate, multi-model seasonal and projections
• To implement service fully based and running on the C3S Climate Data Store (CDS) 

infrastructure

Activities include:
• An increased temporal resolution of climate and/or energy indicator
• The development of enhanced toolbox applications, including for seasonal forecast
• The development of specific tools and continuous engagement with user communities 

through updated gap analysis and the development of case studies
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C3S Energy – Enhanced operational service for the Energy Sector

Lot 2 (Sep 2022—Aug 2025): Support to ENTSO-E in the preparation of the 
Pan-European Climate Database (PECD).   
The objectives are:
• To provide support to ENTSO-E in the preparation of the PECD
• To engage with ENTSO-E to develop further service components, to provide 

specific consultation activities and support
Activities include:
• Delivering tailored climate and energy variables
• Building tools to aggregate the information over user relevant areas
• Delivering energy models through toolbox applications that run on CDS data
• Providing guidance through specific documentation and consultation 

activities, around C3S Energy products, to ENTSO-E and its members
• Further collecting of ENTSO-E requirements
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C3S Energy Indicators and Streams
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For Peer Review

C3S Energy: a climate service for the provision of weather-dependent 

power supply and demand for different time and spatial scales over Europe

Graphical Abstract 

The Copernicus Climate Change Service for Energy provides weather-dependent power supply from 

onshore and offshore wind, solar photovoltaic and hydropower and, electricity demand. A mix of 

statistical and physical conversion models have been set-up, using the ERA5 climate reanalysis and the 

energy data from the ENTSO-E Transparency Platform. They allow analysing the impacts of climate 

variability on energy supply and demand over the last 40 years and can be used with seasonal forecasts 

and climate projection in propspective studies.

Page 8 of 83

http://mc.manuscriptcentral.com/metapps

Meteorological Applications

C3S Energy Modelling Strategy

èThe flexibility of the conversion models is favoured over accuracy

The energy conversion models are:
• Trained over the historical period,

using measured data, esp. from
ENTSO-E Transparency portal

• Applied to the seasonal forecast
and projection streams, as well as
back in time for historical

• Applied to any location in Europe
even if no specific information is
available (installed systems or time
series of generation)

Dubus et al. (2023, to appear) 
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C3S Energy – Climate Indicators by Stream
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While	establishing	a	strong	operational	service,	our	C3S	Energy	team	will	also	ensure	that	the	service	
is	upgradable	so	as	to	maintain	its	relevance	and	leadership	for	many	years	to	come.	Hence	future	
developments	will	be	planned	during	the	execution	of	this	project.	Possible	such	developments	are	
discussed	in	Section	3.2.4.	

3.2 The	C3S	Energy	service	components	
The	C3S	Energy	operational	service	will	be	built	on	the	extensive	input	and	feedback	from	users,	and	
a	 wider	 set	 of	 stakeholders,	 received	 during	 the	 C4E	 and	 ECEM	 services	 as	 well	 as	 from	 the	
comprehensive	User	Requirement	Database	 (URDB,	which	 includes	 input	provided	by	 the	C4E	and	
ECEM	teams).		

The	indicators	delivered	by	the	service	are	described	in	Table	3.	This	table	will	be	the	reference	for	
most	of	the	work	carried	out	in	this	C3S	Energy.	The	indicators	(as	described	also	in	Table	2)	will	cover	
the	three	time	scales:	historical,	seasonal	forecasts	and	projections.	The	domain	will	be	confined	to	
the	European	area	(as	in	C4E	and	ECEM).		

Table	3:	Summary	of	products	to	be	delivered	by	C3S	Energy.	Note	on	abbreviations	used	in	the	
Table:	EC	stands	for	ECMWF,	MF	for	Météo-France,	MO	for	Met	Office,	E-Cordex:	Euro-Cordex,	BA:	
Bias-Adjusted,	C&C:	Country	and	Cluster	(the	latter	are	sub-country	regions/areas),	B.o.:	Based	on.	

Variable	 Timescale	 Source	 Highest	
Temporal	
Resolution	

Highest	
Spatial	

Resolution	

Spatial	
Aggregation	

CLIMATE	INDICATORS	

Temperature	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Precipitation	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 1	day	 0.25	deg	 C&C	

Wind	(10	m	
and	100	m)	

Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Solar	Radiation	
at	surface	

Historical	 ERA5	(BA)	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Mean	Sea	
Level	Pressure	

Historical	 ERA5	 1	hour	 0.25	deg	 Country	
Projection	 Euro-Cordex	 1	day	 0.25	deg	 Country	

ENERGY	INDICATORS	

Electricity	
Demand	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	

Wind	Power	
(onshore	and	
offshore)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Solar	Power	
(PV)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Hydro	Power		
(Run-of-River		
and	Reservoir)	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	
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C3S Energy – Energy Indicators by Stream

Page	54	of	86	 	 C3S	Energy	

While	establishing	a	strong	operational	service,	our	C3S	Energy	team	will	also	ensure	that	the	service	
is	upgradable	so	as	to	maintain	its	relevance	and	leadership	for	many	years	to	come.	Hence	future	
developments	will	be	planned	during	the	execution	of	this	project.	Possible	such	developments	are	
discussed	in	Section	3.2.4.	

3.2 The	C3S	Energy	service	components	
The	C3S	Energy	operational	service	will	be	built	on	the	extensive	input	and	feedback	from	users,	and	
a	 wider	 set	 of	 stakeholders,	 received	 during	 the	 C4E	 and	 ECEM	 services	 as	 well	 as	 from	 the	
comprehensive	User	Requirement	Database	 (URDB,	which	 includes	 input	provided	by	 the	C4E	and	
ECEM	teams).		

The	indicators	delivered	by	the	service	are	described	in	Table	3.	This	table	will	be	the	reference	for	
most	of	the	work	carried	out	in	this	C3S	Energy.	The	indicators	(as	described	also	in	Table	2)	will	cover	
the	three	time	scales:	historical,	seasonal	forecasts	and	projections.	The	domain	will	be	confined	to	
the	European	area	(as	in	C4E	and	ECEM).		

Table	3:	Summary	of	products	to	be	delivered	by	C3S	Energy.	Note	on	abbreviations	used	in	the	
Table:	EC	stands	for	ECMWF,	MF	for	Météo-France,	MO	for	Met	Office,	E-Cordex:	Euro-Cordex,	BA:	
Bias-Adjusted,	C&C:	Country	and	Cluster	(the	latter	are	sub-country	regions/areas),	B.o.:	Based	on.	

Variable	 Timescale	 Source	 Highest	
Temporal	
Resolution	

Highest	
Spatial	

Resolution	

Spatial	
Aggregation	

CLIMATE	INDICATORS	

Temperature	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Precipitation	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 1	day	 0.25	deg	 C&C	

Wind	(10	m	
and	100	m)	

Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Solar	Radiation	
at	surface	

Historical	 ERA5	(BA)	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Mean	Sea	
Level	Pressure	

Historical	 ERA5	 1	hour	 0.25	deg	 Country	
Projection	 Euro-Cordex	 1	day	 0.25	deg	 Country	

ENERGY	INDICATORS	

Electricity	
Demand	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	

Wind	Power	
(onshore	and	
offshore)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Solar	Power	
(PV)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Hydro	Power		
(Run-of-River		
and	Reservoir)	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	



Climate
Change

C3S Energy – Historical Stream Workflow

Demand /

Hydro Power

Demonstrator

Merge

Script

NUTS 0/2

Processing

Energy

Data

ERA5 Data Retrieval
CDS to VM as yearly 

datasets (hourly 

resolution)

Python/Bash script using 

cdsapi. Creates filenames 

adhering to DMP 

specifications

NetCDF - (0.25° grid) 

1979 – 2018

CSV - NUTS0 (Country)

NUTS2 (Regional)

Averages.

GHI, TA, TP, MSL, 

WS10, WS100

Processed data and output validated 

and moved to public directory on VM 

for transfer and inclusion into CDS 

Aggregation using Eurostat 

NUTS0 (country) and NUTS2 

(regional) shapefiles. Processing 

script run in no-hangup mode on 

VM, using Python with: iris, 

geopandas, cartopy, pandas, 

cartography, os, time.

Second, lightweight Python  script 

to merge files into one CSV, 

allowing for subsequent ERA5 

retrievals to be merged 

independently of main 

aggregation.

Demand: Set up individual model for each 

country, based on ENTSOE demand data 

(demand observation length varies from 

country to country) + NUTS0 ECVs (TA, 

GHI and WS10) 1979-2017.

Output > NUTS0 CSV
Hydro Power: Set up individual models for 

each country, separately for HRE and 

HRO, based on ENTSOE data + NUTS0 

ECVs (TA & TP) 1979 - 2017 

Output > NUTS0 CSV

Demand: retrieve data from ENTSOE 

<<Power Statistics>> and pre-process the 

data to clean/format into a tidy format

Generation: retrieve data from ENSOE 

Transparency Platform (Aggregated 

Generation Per Type and Net Generation 

Capacity Datasets) and pre-process the 

data to clean/format.

Historical

Data 

Retrieval

Climate

Indicators

Wind Power /  

Solar Power

Wind Power: use onshore.offshore wid

turbine power curve with WS100 for 

each grid point > provides wind power 

capacity factor (CFR)

Output > Gridded, NUTS0, NUTS2 

Solar Power: run solar model for each 

grid point > provides solar power 

capcity factor (CFR)

Output > Gridded, NUTS0, NUTS2 

NUTS 0/2

Processing

Energy Indicators
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C3S Energy – European Energy and Climate Data Explorer

Current operational C3S Energy CDS toolbox
https://cds.climate.copernicus.eu/cdsapp#!/software/app-energy-explorer-europe?tab=app

https://cds.climate.copernicus.eu/cdsapp
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C3S Energy – PECD Zones 

Different levels of 
data aggregation 
for the PECD


