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W
orld’s largest global utility w

ith the resources and products that are changing the w
ay the w

orld uses energy. 
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Enel G
reen Pow

er 
A recognized W

orld leader in renew
ables

Enel G
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Storage,coupled
w

ith
R

ES,as
an

ancillary
technologicalequipm

ent
w

hich:
•

lets
plants

to
overcom

e
the

residual
intrinsic

lim
itations

in
term

s
of

flexibility
and

dispatchability,and
•

m
akes

the
renew

ables
plant

“future
proof”

Itallow
s

to:
•

reduce
the

needs
of

standby
generation

required
to

balance
the

grid
due

to
unpredictable

w
eather

and
generators

contingencies;
•

M
atch

the
system

needs
injecting

energy
w

hen
itis

required

Itw
illhelp

to
reduce

the
dependency

from
polluting

and
costly

back-up
supply

enabling
the

custom
er

to
have

100%
renew

able
energy

all
the

day

The targetof storage in EG
P

is to be coupled w
ith R

E
S

 plants in order to enable 
pow

er system
s to exploit the full potentiality of renew

able energies and aim
ing at 

having 100%
 clean and reliable energy

Advantages for the plant
Advantages for the end-user

Advantages for the grid
1

2
3



A
pplication*

D
escription

M
W

t

G
rid 

event
1

In som
e cases, the grid has not sufficient capability to transport R

ES generation or there is 

a m
ism

atch betw
een generation and consum

ption and the last resort m
easure from

 TSO
 

is to curtail R
ES generation 

→
 the storage can recoverthe pow

er plant production (otherw
ise lost) charging

during 

the grid event and discharging
during high dem

and hours;

C
urtailm

ent reduction

M
W

t

Forecast

Actual

2

The unbalance
is the difference betw

een forecasted and actual production of a plant; the unbalance 

(m
ainly due to unpredictable w

eather, in case of R
ES) has to be m

anaged by the TSO
, w

hich needs 

to activate other resources (excess stand-by reserve pow
er) to balance the grid, w

ith cost  

→
 storage system

, coupled w
ith R

ES, charges and discharges in order to nullify differences 

betw
een pow

er plant production forecast and actual real tim
e

production, so reducing/avoiding 

grid balancing costs

U
nbalance reduction

W
hy

storage
coupled

w
ith R

ES
A

pplications (1/3)

*m
ain stream

s, not exhaustive list



M
W

t

(3) Energy Shifting and 
(4) C

apacity firm
ing

3
W

here the system
 dem

and doesn’t m
atch w

ith R
ES generation profile, the storage can 

charge during low
 consum

ption hours and discharge during peak dem
and hours in order 

to m
ove plant production

w
hen energy is needed (and has m

ore value)

4

M
W

t

B
aseload profile

The storage has the capability to adapt the production profile of the plant to the needs 

of the end costum
er, w

hile ensuring the reliability of the supply and so reducing the 

needs of backup generators

A
pplication

D
escription

W
hy

storage
coupled

w
ith R

ES
A

pplications (2/3)



Spin/N
on spin reserve

5

→
 To help grid reliability follow

ing a grid event in order to bring back system
 frequency

w
ithin norm

al param
eters

→
 Storage allow

s faster reactions allow
ing lighter energy injections in order to restore 

correct grid param
eters. 

Frequency C
ontrol 

6

Service provided to grid in order to im
prove system

 stability providing continuously active 

pow
er in order to counterbalance grid frequency fluctuations and blocking its drift tow

ards 

unsafe param
eters

→
 Storage can provide high quality control on system

 frequency

A
pplication

D
escription

W
hy

storage
coupled

w
ith R

ES
A

pplications (3/3)
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B
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S reserves its storage capacity to 
m

anage plant potential im
balances

H
ourly PV production

Storage State-of-C
harge

U
seful 

capacity

State of 
C

harge

C
apacity reserved for 

im
balances

C
apacity reserved for 
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balances

Technical oversizing

Technical oversizing

D
epth of 

D
ischarge

Pow
er price (rhs)

R
egulation R

aise

C
ontingency R

aise

R
egulation Low

er

C
ontingency Low

er

H
ourly prices –

Pow
er and Ancillary 

services
H

ourly pow
er capacity allocation and m

arket service stacking

h

h

h
h

M
W

h

S
torage capacity 

optim
ization through 

allocation betw
een m

arket 
services (energy shifting and 
ancillary services)

O
ne equivalent cycle per day 

constraint
M

in/M
ax S

tate of C
harge 

C
onstraints

M
W

FC
AS 

AU
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/M
W

/h
Pow

er
AU

D
/M

W
h

*E
xam

ple
from

 equinox
day

(22°
of S

ept2022) in Y
ear3 of operation

a
b

c
d

10

W
hy

storage
coupled

w
ith R

ES
A

pplications. A real life exam
ple of services stacking from

 a project “S
torage+P

V
”



Technology overview

11

¾
D

ifferent types of S
torage are present on the m

arket, 

differentiated by their com
m

erciability
stage, 

applications that  they enable, costs, efficiency, etc

¾
M

ore elem
ents rounding around battery selection 

(technical, com
m

ercial, regulatory fram
ew

ork, etc)

S
ource: IR

E
N

A
, B

attery
S

torage for R
enew

ables, Jan
2015



Industry scenario for cost evolution
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S
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E
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W
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1
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P
V
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O

E
** 

E
U

R
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W
h

E
U

R
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W
h

C
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B
N

EF scenario* for a fully installed B
ESS w

ith 1 hour duration 
(lithium

-ion)

*converted
in E

U
R

 w
ith 1.16 

U
S

D
/E

U
R

 FX

LC
O

E evolution for a solar coupled w
ith storage (internal 

elaboration for specific C
ountry/ applications)

**indicative figure 
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•
The industry agrees on the steep decline in technology cost

•
S

torage coupled w
ith R

E
S

 w
ill have a negligible im

pact on LC
O

E
 of the integrated plant over the tim

e

12



C
ountries* enabling (progressively) Storage 

U
SA

-
FER

C
 O

rder 841 aim
ed at establishing a 

com
m

on fram
ew

ork across U
S

 in order to 
facilitate the participation of storage in 
R

TO
/IS

O
 m

arkets;
-

IR
S is allow

ing S
olar+S

torage
projects to 

apply for ITC
s (tax benefits) 

AU
STR

ALIA

-
E

S
B

’s
N

ational Energy G
uarantee proposal requires large 

custom
ers and retailers to ow

n or contract enough dispatchable
capacity and low

 em
ission generation

-
FinkelR

eview
 recom

m
endations for G

enerator R
eliability 

O
bligation to ensure enough dispatchable

capacity

SO
U

TH
 K

O
R

EA

-
Fram

ew
ork encouraging renew

able + 
storage plants w

ith a specific 
rem

uneration m
echanism

G
R

EEC
E

-
Tenders for sm

art island projects in 
2018 for R

E
S

 coupled w
ith storage 

ITALY

-
S

E
N

 2017 recognizes the benefits of 
storage coupled w

ith R
E

S
 for system

 
flexibility

C
H

ILE

-
R

egulatory bodies analyzing how
 to 

include storage in upcom
ing auctions

M
EXIC

O

-
C

hance to include storage in R
E

S
 

projects to participate in “firm
 

capacity” product for subastas
under 

analisys
C

O
LO

M
B

IA

-
S

torage recognized as a transversal 
them

e in C
R

E
G

 2018 regulatory 
agenda

B
R

AZIL

-
B

razilian federal G
ovtapproved the 

procurem
ent of 70 M

W
/35 M

W
h in 

R
oraim

a (B
N

E
F source)

G
ER

M
AN

Y

-
A

ncillary S
ervices M

arket 
open to S

torage participation

IN
D

IA

-
India conducted its first successful 
auction in O

ctober 2017, aw
arded to a 

20 M
W

 P
V

 w
ith 28 M

W
h of storage

R
E

S
+S

torage
Tenders 
(explicit or im

plicit)

7

SPAIN

-
C

hance to include storage in R
E

S
 

projects to provide ancillary services 
U

pcom
ing tenders for R

E
S

 coupled 
w

ith storage on islands;

*not exhaustive



O
llagüe

(Solar+W
ind)*

250kW
 / 750kW

h N
a-N

iC
l

O
ff-G

rid A
pplication

C
O

D
: 2015 

C
erro Pabellon (Solar)*

H
ybrid S

torage: H
2 (50 kW

 / 450 kW
h)

+ Li-Ion (132 kW
 / 132 kW

h)
O

ff-G
rid A

pplication
C

O
D

: 2017 

C
rem

zow
(W

ind)
22 M

W
 / 34 M

W
h Li-Ion

P
rim

ary Frequency R
egulation + 

W
ind+B

E
S

S
synergies

C
O

D
: Q

4 2018 
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Potenza Pietragalla
(W

ind)*
2 M

W
 / 2 M

W
h Li-Ion

U
nbalance

costs
reduction, dispatch

optim
+ grid

services
C

atania 1 (Solar)*
1 M

W
 / 2 M

W
h N

a-N
iC

l
U

nbalancing m
inim

ization + E
nergy shifting 

C
O

D
: 2015 

C
U

AM
M

 (Solar)*
200 kW

 / 320 kW
h Li-Ion

O
ff-G

rid A
pplication (H

ospital)
C

O
D

: Q
3 2018 

E
xecution

O
peration

W
hat EG

P is doing over the w
orld

E
G

P S
torage and R

E
S

 projects on field

Australia
U

nbalancing costs reduction+
A

ncillary services * experim
ental/innovative approach
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Storage projects
w

orldw
ide

B
N

E
F source

17

Installed 
M

W

A
PA

C

2.012

5.349

Installed 
M

W
h

4.151

Announced 
M

W

Installed 
M

W
Installed 

M
W

h

A
M

E
R

1.103

Announced 
M

W

1.473

4.736

Installed 
M

W
Installed 

M
W

h

E
M

E
A

1.033

Announced 
M

W

1.625

2.477


