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Electricity storage
Installed Capacity Worldwide

. Compressed Air Energy Storage
440 MW

Pumped Hydro

() Sodium-Sulfur Battery
316 MW

® Lead-Acid Battery
~35 MW

127,000 MW,

» Nickel-Cadmium Battery
27 MW

o Flywheels
<25 MW

o Lithium-lon Battery
~20 MW

- Redox-Flow Battery
<3 MW

Source:
Electricity Storage: How to Facilitate its Deployment and Operation in the EU - Think
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Installed Pump Hydro Storage Capacity Mz e
Installed Capacity Worldwide (GW)
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's Pump Hydro St In Ital
Enel's Pump Hydro Storage in Italy e Fner
N
Technical Characteristics
Edolo
Campomgro Generation
Roncovalgrande Capacity
Name \Voltage MW
Entraque
Chiotas \ Campomoro 220 KV 36,5
] Edol 380 KV 950
wfadalto olo
0 ] Entracque Chiotas 380 KV 1064
Entraque/ Entracque Rovina 380 KV 125
Rovina Fadalto 220 KV 210
Gargnano 220 KV 137,2
Roncovalgrande 380 KV 1000
San Fiorano 380 KV 568
Bargi 380 KV 281
Capriati 220 KV 113
Taloro
\ Presenzano 380 KV 1000
Prowvidenza 220 KV 139
San Giacomo 220 KV 490
Taloro 220 KV 240
. Anapo 220 KV 500
_ (s Guadalami 150 KV 80
Guadalanii-.__ 6934
‘ Enel owns the majority of pump hydro storage (PHS) in Italy (~ 7 GW)

PHS originally built in order to fill off-peak consumption and smooth nuclear power
plants’ operation



Traditional use of pumped storage

Given an average 70% efficiency of pumped storage
cycle, optimization of pumped storage facilities
requires:

P peak
_ >
P off-peak

New role for pump hydro storage

Toward a new paradigm
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PHS Usage in Italy ’;‘\”’4Enel
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Pumping Ancillary Service

Production —_— 2014 Volume
MWh 130%

—_— 2011

100%

2011 2014

’7 Increasing use in Ancillary Service Market for balancing RES production

Note 6
Typical Production of a PHS in Italy during 2011 and 2014
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Batteries in Italy 2
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The main drivers for batteries Enel Group pilot projects
i 25,6 126,2 |
Connections, GW 23.8
= Over 590.000 connections 191 I
' Grid4EU (Enel Distribuzione):

= 26,2 GW connections
= ~80% capacity connected at MV/LV

1 MVA -1 MWh

9.1 L’Aquila (Enel Distribuzione):

o4 2 X 32 KVA — 32 kWh

31 47 Ventotene (Enel Pro
i  03MVA-0,6MWh

2007 2008 2009 2010 2011 2012 2013 12014

Isernia (Enel Distribuzione):
1 MVA - 0,5 MWh

mwind =PV ®mBio_Waste mHydro ®Non RES

% of HV/MV transformers POI (Enel Distribuzione):

with energy flow reversal 2 MVA — 2 MWh
for at least 5% of the time 23% 2 MVA —1 MWh

(>438 hours/year) 2 MVA — 1 MWh

= Capability of storage facilities of contributing
effectively to voltage regulation
» |ntegration of RES

7%

“10



Market models for storage N fney
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» |ntegration of RES
Main benefits = Reduction of dispatching costs
= Network operation / system security
= Which application? Flexibility vs power quality
METEE e = Market vs RAB-based model
Scope
System Generation Transmission Distribution End user
level/Markets
2 Deferral investment T&D assets
= Electricity ; nd Side Mgt.
Eo Markets | [
(F"""’e;g_:_‘g‘anses RES Back-up Firm Capacity Management nd Response
» Security Congestion J_ Enhanced
:?5 Balancing | | Management Self .
Markets Losses Management censumption
D Capacity Grid Support Peak Load
é Smoothing
s Frequency Control
Ancillary (Anti)-Islanding

é Services Power Quality
v Control

Size of application (MW)
Source:
Decentralized storage: impact on future distribution grids, 2012



