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EUROPEAN COMMISSION “ Currently, there is limited storage_ in the EU energy_system
DIRECTORATE-GENERAL FOR ENERGY (around 5% of total installed capacity) almost exclusively from
- pumped hydro storage, mainly in mountainous areas (Alps,
Pyrenees, Scottish Highlands, Ardennes, Carpathians)”

“In a low-carbon system, intermittent renewable energy (RES) makes it more difficult to vary output,
and rises in demand do not necessarily correspond to rises in RES generation. Higher levels of energy
storage are required for grid flexibility and grid stability and to cope with the increasing use of
intermittent wind and solar electricity”

» Fossil fuel based power plants (mainly CCGT) provide reliable & flexible back-up plants ...
» Gas storage is closely linked to electricity storage.

» ... Electricity storage needs to fill the gap between the ramping down time of wind and solar
and the ramping up time of these back-up plants
» Pumped Hydro Storage Power Plant for large scale electricity storage represents almost 99
% of current worldwide storage capacity. Pumped Hydro was attractive, and essential, when
Europe's networks were mainly composed of a large number of regional grids with very weak
interconnections.

Source: EC /DG-ENER, 2013
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Application in
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Installed capacity of pumped hydro storage power plantsin EU-27, Norway,
Switzerland and Turkey - end 2010 (source HEA, 2012) ; EDF analysis
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Source: HEA, 2012 ; EDF analysis 2013
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Wind power (installed capacity in MW) - status January, 1512012
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Source: ENTSOE, 2012
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... GENERATION FROM THOSE RENEWABLE ARE HIGHLY

VARIABLE ...

TAELE 2- VARIAELE RES INDICATORS IN GERMANY (YEAR-END 2011)

WinD® PHOTOVOLTAICT Winp + PVT
Total installed capacity G O7% AW 2o GO MW iy D65 MW
Maximum generatior® 22,795 MW (78%) 13,599 MW (56%) 26,475 MW (49%)
Minimum gerneration® 266 MW [0.9%) il MW (0% &2 MW (0. 78)
muer%gemminrl'-' 5,145 MW [18%) 4,250 MW (18 7. A74 MW (14%)
Maximum increase within 1 hour 4,048 MW 2,015 MW 4,348 MW
Maximum increase within & howrs Fras MW 12,208 MW 19,807 MW
Maximum decreaze within 1 howr -4, F 31 MW S 300 MW -4, T2 MW
Maximum decrease within § houars =, S0F MW =11, 869 MW 14, Ghi NW
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FHGURE P WIND AND PY PATTERMS IN GERMANY, MaRCH 2012
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... AND FUTURE DEPLOYMENT PROJECTIONS WILL INCREASE
THIS PHENOMENON ...
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I~ ENTSO-E total RES generating capacity mix, Share of total RES in net generating capacity per country in 2020,
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... HOWEVER HYDROPOWER GENERATION IS ALSO EXPECTED
TO INCREASE, BUT AT A LOWER RATE
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Location and characteristics of the 6 main EDF’s pumped-

l] storage hydro power plants in operation in France
Revin
LeChevlas Y. ¢ === @& --—-—____ CD = 1976
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l] Typical operation of a weekly pumped-storage hydro power plant

10 T00

Elecm‘_;c

400
Pulssancs

IS0 IR0 L=yt AT OSSN0 A0 OO0 DEAEN00 [yt T

Source: EDF, 2011

€

&
9 €DF Emmanuel BRANCHE


http://www.google.fr/imgres?imgurl=http://www.marseilledelavillealametropole.com/wp-content/uploads/2012/06/EDF_logo.jpg&imgrefurl=http://www.marseilledelavillealametropole.com/les-autres-partenaires/&h=993&w=2201&sz=92&tbnid=fK3Ag1nqRPigPM:&tbnh=52&tbnw=116&prev=/search?q=logo+edf&tbm=isch&tbo=u&zoom=1&q=logo+edf&usg=__MGin0A5SdtJhYf0WhxM3zzNbwik=&hl=fr&sa=X&ei=t1j2UNTgNcPAhAeX-4H4Aw&ved=0CCMQ9QEwAg

1B

8000

Revin : numbaear of startings

7000 —— -
I

86000 —

5000 —

] ]
4000 — -
3000 — [ |
2000
N ] I I I
0 - . . . . . r r . . . . . .

1997 18988 1999 2000 20071 200< 2003 2004 2005 2006 2007 2008 2008 2010

B Turbhinea Fump B Synchronons Compeansator

|

Source: EDF, 2011

[
& =
9 €DF Emmanuel BRANCHE


http://www.google.fr/imgres?imgurl=http://www.marseilledelavillealametropole.com/wp-content/uploads/2012/06/EDF_logo.jpg&imgrefurl=http://www.marseilledelavillealametropole.com/les-autres-partenaires/&h=993&w=2201&sz=92&tbnid=fK3Ag1nqRPigPM:&tbnh=52&tbnw=116&prev=/search?q=logo+edf&tbm=isch&tbo=u&zoom=1&q=logo+edf&usg=__MGin0A5SdtJhYf0WhxM3zzNbwik=&hl=fr&sa=X&ei=t1j2UNTgNcPAhAeX-4H4Aw&ved=0CCMQ9QEwAg

EXAMPLE: ESTORAGE PROJECT

eStorage - Consortium

ALSTOM <cebF —&lia  london Algod

[Tl

« eStorage, which represents electric power value chain from Europe, will utilize the
fund to develop solutions for the deployment of GWh-scale energy storage and to
enhance grid management systems.

*The eStorage project is expected to upgrade EDF's Le Cheylas fixed-speed pumped
hydro storage power plant (PSP) in France to a variable-speed PSP. Following the

l] completion, Le Cheylas plant will provide 70MW of additional night-time regulation
capacity, allowing the integration of several hundred megawatts of intermittent
renewable generation.

» eStorage will also demonstrate and develop solutions for connecting the dispatch of
storage plants with renewable generation, using advanced energy management
systems.

* The project is expected to demonstrate a balancing market platform, corroborating IT
systems that manage new types of flexible products such as PSP. A significant
proportion of European PSP could be upgraded to include variable speed and thus
provide up to 10 GW of additional control, with no impact on the environment and a
much lower cost than the development of new power plants.

* The European Commission has awarded a €13.3m grant to eStorage in December 2012
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Evolution of the electricity mix in France (GW and TWh) according to RTE
for the long term projection scenarios — focus on renewables

e

. Wind (on-shore) 6,7 28,0

g Wind (off-shore) 0,0 12,0

S PV 2,4 30,0

é Ocean energy 0,0 3,0

c‘:I: Hydropower 25,2 28.2

8 including PSP 4,3 6.3

i

—

o E neration h

C |someemme oo -

c?) Wind 12,1 58,2 58,2 77,5
PV 2,4 22,0 22,0 32,9
Ocean energy 0,0 4,3 4,3 8,6
Hydropower 50,0 69,4 69,4 73,9

Share of renewables 13,0% 26,7% 29,2% 40,2%

“Some hydroelectric facilities can play an important role in electricity storage, very useful in
situations of major intermittent productions through systems called Pumped hydro Storage Power
plant”
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* EDF is one of the world largest hydropower operator
» ~25,000 MW in Europe (15t European utility) and 1,080 MW in Lao PDR

E_DF keY > In France 447 power plants (1,200 units) from 100 kW to 1,800 MW built between
figures in 1886 and 1996 fully automated or remote controlled
hydropower

* CIH (Hydroelectric Engineering Centre): integrated engineering ensuring

safe design and operation of dams

& “eDF > 900 employees at the end of 2012
A » 438 M€ of CAPEX in 2011
» Present in more 30 countries worldwide in more than 50 contracts

P Emmanuel BRANCHE
‘."-:EDF Serior Enginesr Econonist

LEADHNG THE ENERGY CHANGE
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Sustainable Development Department
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73373 Le Bourget du Lac Cedex — FRANCE

Phone - +33 (04 79 60 64 26
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Back-up
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Energy (TWh)
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Gross electricity consumption in France (TWh)

Historical data and long term projection scenarios
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