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Energy Storage Systems (ESS):

the Italian technical and regulatory framework

Rules in place in Italy concerning ESS:

 ARERA Res. 574/2014/R/eel and Res. 642/2014/R/eel

Tariff components applied to energy exchanges; connection procedures;
authorizations; incentives; etc.

e Standards CEIl 0-16 e CEIl 0-21

Technical prescriptions about the BESS connection to MV/LV distribution
networks (Technical Connection Rules):

o Connection Diagrams
Electrical Protections
Energy Meters

Capability & grid services
Test protocols
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Technical Connection Rules (TCRs) & ESS

In Italy, prescriptions on ESS grid connection are in charge to
Technical Committees:

« TC 316 — Connection to High, Medium and Low Voltage electrical
distribution grid

e TC 120 — Energy Storage Systems SGEDR JEHLISOA BE NORMA I(TALIANA CEl
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Technical Connection Rules (TCR):

ESS standalone/coupled architecture

Energy Storage System An ESS can operate in standalone mode or

/ \ integrated with local generation and/or load.

/N

Local generation Local load

Today: MV/LV BESS are allowed to provide behind-the-meter services to users
(self-consumption, peak-shaving, continuity of supply).

In the future: new opportunities by the participation of ESS in ASM
(front-of-the-meter services).

Davide Falabretti, IWoSC&ES, Bologna, 27th June 2019




Technical Connection Rules (TCR): Connection diagrams

ESS connection on the DC side of the PCS
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Technical Connection Rules (TCR): Connection diagrams

ESS connection on the AC side of the PCS

DISTRIBUTION NETWORK MV DISTRIBUTIONNETWORK |
™
P — USER POWER PLANT "+, POINT OF CONNECTION.
Wh EXCHANGED
METER [ ] GENERAL PROTECTION DEVICE
NON-CRITICAL LOADS
ESS <«  M2: ENERGY [ ] INTERFACE PROTECTION DEVICE
OAD A+ Wh PRODUCTION
discharge METER
(ALLOWED TO THE ISLANDED
OPERATION) [ ] GENERATOR  PROTECTION
DEVICE
1
Ach I | I
I g I lac,7] |
EESS | I 1 pc| | POWER
ENERGY | e | EESS : : CONVERSION
I SYSTEM
STORAGE 1 I ENERGY s :
SYSTEM —— STORAGE ; !
SYSTEM -—r-

Davide Falabretti, IWoSC&ES, Bologna, 27th June 2019




Technical Connection Rules (TCR)

Grid services

ESS (and DG) have to provide grid services in order to:

 avoid a deterioration of quality of service;

* guarantee a reliable operation of the network in any working condition.

power system operator

Synchronous | Asynchr. Wind Static Energy
gen gen turbines | gen Storage
1 Insensitivity to voltage variations NO NO YES YES YES
2 Partecipation to voltage regulation YES NO YES YES YES
Regulation of active power durin VES*
3 8 POl & YES YES YES YES | underfreq.
frequency variations
control
4 Voltage sup|.oort. during NO NO Under | Under Under
short-circuits study study study
Participation to def I f
5 articipation to defense plans o NO NO YES YES YES
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Technical Connection Rules (TCR): grid services
Low Voltage & Over Voltage Ride Through

This requirement is devoted avoiding Local fault & |
Volt
that perturbances (eg., due to faults
on the HV network) would cause the
unwanted DG/ESS disconnection. protections trip

Sirsspd ST DG/ESS
Sl N ;s St N disconnection

2 | Power
e Sen e N S e imbalance
Frequency
perturbation
Frequency
protections trip
DG/ESS
disconnection
BLACK-OUT!
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Technical Connection Rules (TCR): grid services

Low Voltage & Over Voltage Ride Through

Local fault
ESS must keep connected to the Voltage
network in case of undervoltage perturbation

or overvoltage transients [ NO V?'tage,
_ . . protections trlp
according to a predefined time- NO DG/ESS ]
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Technical Connection Rules (TCR): grid services

Voltage control on MV/LV networks

TCR prescribe minimum capability curves that ESS shall make available to the DSO
to perform voltage regulation.
Active power

exchanged by ESS ESS capability curves are
A P[W] : :
P>0 defined also for negative
discharge /"""\ active power values
VAN N Minimum = During the charging phase,

"""" — guaranteed
' | reactive power | ESS behaves as a load.

JJJJJJJJJ

Usually max charge/discharge
: powers (Psuax & Pcovax) are
| I 4 Pensa [W] different.

- Asymmetrical capability

(PSMAX>PCMAX)'

P<0
discharge
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Technical Connection Rules (TCR): grid services

Voltage control on MV/LV networks

Power injections on MV/LV networks can cause the voltage profiles to increase..

..but ESS/DG can reduce the voltage by exchanging reactive power (Q)!

coso = f(P) Q=f(V) a .
P | control law control law
090 N Curva caratteristica standard, tipo a)
E:’ar:t(:i:lla curva caratteristica, tipo a) — Omax V2;=1, 1vn
V,=1,08Vn

1

»

PII;n

Nessuna regolazione (cose =+ 0,98

72 tipo a)
I tipo b)

EEEESEESET NI EIEEEEEEEEEEEEE
A e )

0,9(0,95%)
-,
c

) COS pmax = 0,9 per generatori statici

=0,95 per generatori eolici
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Technical Connection Rules (TCR): grid services

Active power control

In order to support the grid operation during emergency conditions, the ESS shall:

 limit the active power discharged when voltage exceeds 110% of rated value
- Goal: Avoid ESS disconnection if voltage control is not enough to keep

voltage within limits.

* limit the active power according to remote messages from the DSO
—> Goal: Manage temporary problems on the distribution grid

(eg. congestions)

» perform active power modulation during over/underfrequencies transients

- Goal: Help the power system to restore the power balance
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Technical Connection Rules (TCR): grid services

Active power modulation for over/underfrequencies

““““““ YT T
Underfrequency: DISTRIBUTION NETWORK
| ESS stops charging and | [
) P ) ging | ' M1: ENERGY
injection | METER
e i — T |
Gradual ramp return — M2: ENERGY
to start conditions Wh | PRODUCTION METER

(after 300's ‘ LOAD

if 49.9<f<50.1 Hz) AC
DC
|
| |
DC
Overfrequency: e
ESS stops discharging and £Ess
increases active power ENERGY
absorption STORAGE O
SYSTEM GENERATOR

i T | 1

485 488 491 494

Davide Falabretti, IWoSC&ES, Bologna, 27th June 2019




Technical Connection Rules (TCR)

Test protocols for Energy Storage Systems

The compliancy of the ESS to technical requirements of Italian TCR shall be proved
by tests performed by an accredited certification body.

* Actual Energy Capacity

* Actual charge/discharge power
* Charge/discharge efficiency

* Expected lifespan

* Dynamic response

* Auxiliaries consumption
MANUFACTURER * Self-discharge
* Operational voltage

* Operational frequency

How to guarantee the
required performances
to the user?

Test protocols CEl 0-16/0-21:
prove that the ESS is compliant
to the TCR requirements

SYSTEM
OPERATOR

IEC TC120 “Electrical Energy Storage Systems” is working to fill the normative gap:

e |[EC 62933-1 «Vocabulary»

IEC 62933-2-1 «Unit parameters and testing methods — General specification»

IECTS 62933-3-1 «Planning and performance assessment of EESS - General specification»
IEC TS 62933-4-1 «Guidance on Environmental issues — General specification»
IEC TS 62933-5-1 «Safety considerations for grid-integrated EES systems - General
specification»
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