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E N EA " AGENTIA NAZIONALE

PER LE HUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENIBILE

Italian National Agency for New Technologies, Energy and Sustainable Economic Development

ENEA is a public institution whose activities are targeted to research,
innovation technology and advanced services in the fields of energy

ustainable economic development (art. 37 of Law no. 99 of July 23rd, 2009).
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ENEA’s R&D activities —
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e Effici Health and Safety:

Renewable Energy Sources: e Seismic protection, biological
effects of ionising radiations,

radioprotection, metrology of
ionising radiations

i

e Concentrated Solar Power,
Biomass and Biofuels, Solar
Thermal, Hydrogen and Fuel
Cells, Energy Storage Systems * New Technologies:

Nuclear Energy * material sciences, applications
of ionising radiations, Agro-
industrial innovation &

*  Fission and Fusion

* Environment and Climate technologies, ICT
Change: * Power System Research

* environmental technologies, -
modelling, prevention, i O
conservation and reclamation
activities
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«wein) Agency for Energy Efficiency

ENEA, according to decree 115 of May 30" 2008, transposing the EU
Directive 2006/32/CE, has been assigned an important role in the
certification of processes to improve energy efficiency, acting as National
Agency for Energy Efficiency.

In this respect, ENEA — EE Agency certifies the interventions proposed by
Distribution System Operators (DSO), Energy Services Company (ESCO)....

* ENEA prepares Annual Report on Energy Efficiency of residential and
office sector, transport, industry, thermal and electric distribution

systems

 ENEA, under a framework agreement with the Ministry of Economic
Development, carries out a set of research activities for energy savings in
services, public lighting, air conditioning and transports



National Electric Grid (2012)
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Electricity crossing the italian grid: 328.219 GWh/year

Energy losses: 6,4% (respect to total demand)

Powelr Electric Energy fed into the italian grid : 340,4 GWh
generation
From traditional fonts: 60,2% (-5,8 % respect to 2011)

From renewable energy : 27,1% (+11,2% respect to 2011)

transmission

infrastructure
132 kV -380kV
~63.500 km

Distribution line
20kV MV -400V LV

source: TERNA Spa — dati statistici - year 2012- www.terna.it



Directives and laws to support the installations

of renewable energy systems and distributed plants
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from renewable sources

ITALIAN TARGET FOR SHARE OF ENERGY FROM RENEWABLE
SOURCES IN GROSS FINAL CONSUMPTION OF ENERGY, 2020: 17 %

-Directive 2004/8/EC on the promotion of cogeneration based on a
\Jseful heat demand in the internal energy market

ﬂ)irective 2009/28/EC of the on the promotion of the use of energy\

4

@Iian Law DL 28/2011: trasposition Directive 2009/28/EC

L\

- Italian Law DL 20/2007 : Trasposion Directive 2004/8/EC

- Incentives for renewable energy plants :

PV Plants: Feed-in premium from 0,49 €/kWh (2005) to 0,22 €/kWh (2012)
PV Plants :Feed-in tariff 2013 (closed): 0,13 €/kWh (200 kW<P<1000kW)
All Renewable E.P. (no PV): Feed-in tariff from 2012 (average 0,2 €/kWh)

-Incentives for renewable energy plants (Thermal plants):

Law 28 December 2012: “Conto termico” for Solar palnt, Heat pump
nergy efficiency

\
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Recent changes in the Italian electricity sector
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| (DG): smaller sized grid generators or domestic micro-generators in distribution network (MV
or LV). It includes: wind, PV, Hydropwer...with total capacity less than 10 MW(AEEG n.160/06 )

— 400000
Number Power gross electricity
of plants (MW) production 350.000 -
(MWh) B rv
300.000 -
Hydroelectric plants 2.549 2.448 8.553.823 M DG
Biomasse, biogas e bioliquidi 1.088 1.005 3.788.948 250.000 -~
Rifiuti solidi urbani 37 120 441.331
Fonti non rinnovabili 872 1.499 5.208.036 e e
Ibridi 17 45 93.365 150.000
Thermoelectric power plants 2.014 2.669 9.531.680
Geothermal power plants 0 0 0 100,000
i 805.841
Wind power plants ‘ﬁ I £0.000 -
i| Photovoltaic power plants A 0. 68) ( 12.255 ) 10.346.240 -
Total K335.31; 2 17.91 1) 29.237.583 "3
~——— N ——— 2008 2009 2010 2011

AEEG -DG plants - 2011 Number of DG plants installed per year

More than 330.000 DG units are installed across the Italy —
98% PV are plants (2011),

DG Energy Production (2011): 35% PV plants - 29% Hydropower

Source : Italian Authority for Electricity and Gas (AEEG) — 8



Deployment of DG across Alpine regions (2011)
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Hydroelectric palnts (DG)
Alpine area :
- 73% of Total Power

Wind power plants (GD)
Alpine area :

- 0,5% of Total Power

- 0,6% of Electricity

Photovoltaic plants (GD)
Alpine area:

- 33% of Total Power

- 30% of Electricity

[  CElectricity (Gwh)

Totale Power (MW)

source : AEEG -2011



Impacts and risks @)
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The vast majority of distributions systems were designed for one-way power flow from
the substation to the customer.

Grid protection devices were designed for one way power flow

HY
I %l Non programmable Distributed Generation could be cause of :
MY
S - Energy production more than local load
-

- power flow inversion LV -> HV

- Hosting capacity problems in critical area (south of
italy)

- Overvoltage in many nodes of distribution lines
(violation of EN 50160 prescriptions)

- Incresing short circuit current

10



Impacts and risks () -
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Until 2012 DG plants had been installed into the electrical system according to a “fit and
forget” approach :

DG power plants have not offered any service for the network operation in term of quality of
supply and the system stability.

In case of frequency oscillations (range allowed 49,7 Hz — 50,3 Hz) and voltage profile
perturbation, protection device disconnect PV palnts from the rest of the electrical system

- Areal event happened in Sicily region on 18 May 2011: damage to
150 MW traditional power plant caused a strong frequency
decreasing and loss of 80 MW of DG and 200 MW of load shedding
were necessary in order to restore power balance

Warning : An ever-greater penetration of intermittent DG units, replacing
traditional power plants, causes a reduction of reduction of the total
rotating inertia and a lower capability to support the system in case of

frequency oscillations 4



Investment and solution for system stability and safety
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* Smart grids tecnology:
incorporate new technologies such as advanced metering, AW
automation, communication, distributed generation and storage in\fi
order to improve the efficiency, reliability and safety of renewable
energy plants in the grid.

- According to Italian Authority for Electricity and Gas (ARG/elt 39/10),
SEVEN smart-grid pilot projects were selected in order to achieve the
development of smart grid in Italy

- Reserch on the smart grid carried out by ENEA, RSE and CNR in the
framework of “R&D activities of general interest for the National
Electric System” funded by Ministry of Economic Development (MSE).

@9\'\,
* New interconnection standards to protect both the grid and the

DG equipment: According to the new Italian standard CEl 0-21 each
DG plant connected to the LV system has to participate in voltage
regulation by the injection/absorption of reactive power



Seven Italian Smart-grid pilot projects
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Selected smart grid pilot projects according to ARG/elt 39/10 of Italian Authority for
Electricity and Gas .

@% Autorita per I’energia elettrica il gas
tper edil sistema idrico

*A.S.SE.M. S.p.A S. Severino Marche
*A2A Reti elettriche S.p.A.  Lambrate Ml + o

= Atti e provvedimenti

*ACEA Distribuzione S.p.A Roma et

Progetti Pilota Smart Grid

. .
.AS IVI Te r n l S p A Te r‘ n I L'Autorita per I'energia eletirica e il gas dedica particolare atenzione allo sviluppo e all'applicazione diffusa
. . di tecnologie innovative a supporto della gestione attiva delle reti di distribuzione e al controllo della
produzione di energia elettrica da fonti rinnovabili, anche attraverso lincentivazione e la promozione di
. . . ° M progetti dimostrativi sulle reti elettriche.
[ ] E N E L D I St r‘l b u z I O n e S . A Ca r . I n O n e ( I Se rn I a ) acqua In questottica ed in coerenza con gli odiettivi dettati dallUniene Europea, M/Autoritd ha definito |a procedura e
. . . i criteri per |3 selezionare alcuni progelif piiota sulle reti di distribuzione per promuovere lo sviluppao di

aggiornamento smart grid (delibera ARG/elt 39110), le reti elettriche ‘intelligent?, dotate di nuovi sistemi di comunicazione in

) - trimesfrale grado di far interagire efficacemente gli utenti con il gestore della rete
0N D EVAL S A Va l I e d Aosta L Vl I Ie n e uv (1 allacciamento L'obiettivo di questi progetti -sg\eaunatl su\le_i_:ase di un‘md_\calure di prmma_s_;tudlatu appn_snam_eme per
s ® ) bollett tenere conto dell'efficacia costifoenefici degli interventi - & di promuovere l'utilizzo oftimale delle risorse
OllETte bonus elettrico introdurre nuovi servizi e mercati locali e favarire una gestione della rete pill flessibile e pit adeguata, ad
bonus gas  cendiliszione esempio rispetto allintermitienza delle fonti rinnovabili
B st Le sperimentazioni si concluderanno a fine 2014. Il monitoraggio del funzionamentao delle reti attive

P == g2 permettera di verificare limpatto effettive delle soluzioni tecniche adottate, per una successiva
R sttt implementazione su pitl larga scala

impegni sz essenzia
maggior tutela Gli interventi selezionati sono riferiti ad applicazioni di smart grid a reti di media tensione con particolare
MOrosita oneri generali riferimento agli impianti di produzione a fonte rinnovabile connessi a tali reti.
- Per ognuna di essi & disponibile una scheda progetto e |a relazione che ne descrive brevements le
preZZI caratteristiche, le criticita fin qui incontrate e lo stato di av: mento al luglio 2013. Le relazioni di
avanzamento vengono pubblicate alle scopo di iniziare I'attivita di disseminazione dei risultati intermedi
produzione
pronto intervento Progetti pilota
15 A i .8.SE.M. S.p.A. schedaprogetto  relazione semestrale
7 reciami A.S.SE.M. S.p.A hed i | tral
> riforma gaS A2A Reti elettriche S.p.A. Gavardo BS schedaprogetio  relazione semestrale
P AZ2A Reti elettriche S.p.A. Lambrate MI scheda progetio  relazione semestrale
rinnovabili =u ACEA Distribuzione $.p.A. schedaprogstio  relazione semestrale
ina salvaguardia Sanzioni ASM Terni S.p.A. schedaprogetio  relazione semestrale
N scambio sul posto DEVAL S.p.A. schedaprogetts  relazione semestrale
(s] SEU g ENEL Distribuzione §.p.A.Carpinone IS schedaprogetio  relazione semestrale
METSEI"G stima spesa

Rome Montenegro ¢
[o}

Noples %81 Tien 2011 start all projects
2014 Expeimentation

Palermo
Catania
o

Tunis
(o]
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Source and more info: http://www.autorita.energia.it/it/operatori/smartgrid.htm



Villeneuve Smart grid project
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Distribution system operators : Deval spa supplies 69 city

of Val D’Aosta

- Part of grid object of new installations: Substation
Villeneuve (AO)

network properties at the beginning of the project:

- total length of the Medium voltage grid (MV): 428 km
- Total MV users supplied: 93 (11.8 MW)

- total length of the Low voltage grid: 461 km

- Totale LV users supplied : 14318 (14 MW)

- Total MV lines :11

MV Lines with new Smart grid tecnology: Rhemes, Introd e e Thumel

Active users in Smart grid project : 6 hydroelectric plants connected to MV grid -
from 200 kW a 5000 kW

Energy production by DG more than local load : power flow inversion LV -> HV for
48,7% of time working (2009)

Source and more info: http://www.autorita.energia.it/it/operatori/smartgrid.i'lﬁm



Goal of Villeneuve Smart grid project
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Installation of new device and new Information and Comunication tecnology in order to:

- increasing the Hosting Capacity and at the same time guarantee power quality, stability

FTema kit - WY

and safety over time

- Real time monitoring DG plants and load

- control protection device in remotely way

- Voltage profile regulation along the feeders

- Exchange data with TSO

- Coordinate Electric vehicles charging strategy
with RES power plants

Main items

- Deployment of new comunication system ( HSDPA,
public 3G) in order to connect devices of
Distribution substation and active users via
protocollo IEC 61850

- cost for new communication network (190 k€ -
Total cost of the final project 2194 k€

Incresing of Hosting capacity after project : 251.300 kWh (calculated)

15
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New Italian Satndars: CEI 021

HAZIONALE
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New CEI 0-21: Reference technical rules for the connection of active and passive users
to the LV electrical Utilities:

DG participates in the provision of ancillary services needed for a secure and
reliable operation of the power system

-DG participates in voltage regulation by the injection/absorption of
reactive power. Q=f(V) — capacity of Inverter > 6 kW

-New range of grid frequency allowed : 47,5 Hz < f < 51,5 Hz
- Insensitivity to voltage drops - LVFRT (Low Voltage Fault Ride Through)

-Inverter are coordinated and remotely controlled by TSO in order to regulate
power active in case of frequency oscillations in trasmission lines

-installation schemes of Energy Storage (battery) in DG plants (2014)

16



Experimental activity on Energy Storage System

in ENEA Labs .
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Analysis of a grid connected energy storage prototype:

lithium battery pack of 16 kWh,

DC/DC converter of 20 kW

IGBT bidirectional - inverter of 30 kVA

Control system of power flows exchange with the grid
Able to be linked with Active Load ( PV plant)

Control system of power flows
on DC har

Three phase s
"y
low Voltage | 2
400V Pl

s — | 20EW
System protection l

for eccessive - Passive fActive
power Load
on DC bar

16 kWh max 30 kW
20 kW



Smart grid in ENEA — C.R Casaccia (Roma)
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Energy analysis in real work condition to evaluate
- Battery effieciency

- Power converters efficiency

- Performance of control system

- Auxiliary consume

Experimental activity into ENEA main grid in order to test:

-Peak shaving service
- integration into smart metering system using

customized ICT protocols

- integration into Electric vehicles fast charging stations

Recharge Svstem using AC BUS
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Active demand el
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Supply follows load — _I._qad follows supply

net = f — networks - "_f-;;_
1 i tf-..__.a
T e _.,.‘ 1 S
Some
Central e
generation Consumption generation corme
fully fully stochastic| is stochastic and '
predictable dispersed consumption
(renewables) is controllable
20-th century 21-st century

Source: The European Electricity Grid Initiative (EEGI): a joint TSO-DSO contribution to
the European Industrial Initiative (Ell) on Electricity Networks

In this way the new scenario is going to implement new rules for the active
users connected to the distribution network.
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Efficiency in thermal grids in Italy

Integration with electricity

Large-scale electricity I Micri

/
Renewable heat =

ble hes /“‘\.\:_\ .

S~

@ \>’ 1‘; | \\\\ ©
e = .
>
'\": / i N
Sog 7 D
\ W .-

Co-generation

20



State of district heating in Italy ()

heating demand supplied by district heating

70% -

60% -

50% -

40% A

30% -

20% -

10% -

0%
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State of district heating in Italy (2) -
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District heating supplies 4% of the total thermal load in Italy

Trand of heated volume in Italy
300

250 ; , average annual growth rate: 7,5% (2006-2011)

200 7

/ Until today 148 District heating are in operation

150 v

Milioni di m3

100 7

- 109 City supplied (2012)

50 "
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REGIONE
Lombardia
Piemonte

Emilia Romagna

Nt ; More than 90% of district heating

Trentino Alto Adige .
Valle d’Aosta , : plants are located in northern ltaly
Lazio
Liguria
Toscana
Marche
TOTALE ITALIA | 2794
TOTALE NORD | 257,2 (98%) 272,2 (97%)

22
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State of district heating in Italy 3) ——
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Ratio of Heated volume per number of inhabitants

m? /abitante

Energy source used (2011)

70

60 -+

50 +

40 -

%

30 4

20 4

Bl B
il B -

Naturalgas Wasteto Biomass Coke Qil Geothermal
energy plant

23
Source: AIRU — www.airu.it



Economic incentives for district heating
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—
- Credit tax : 25€/kWht + 21 €/kW (per thermal substation) only d ::J
for biomass district heating N—

- Reduced VAT to 10% - only for district heating with renewable
energy source or high efficiency CHP

- Energy Efficiency Credit: average value 100 €/TEP (source GME)

24
Source: AIRU



District heating: Some examples of best practices
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- Ferrara (Center of Italy): thermal power supplied by geotermal source and
waste to energy plant

Pinerolo (northern Italy -Torino): thermal power supplied by 3 biogas CHP

northern Italy —Sondrio — Alpine area): thermal power supplied by 4
gas combustion engine combined and a heat pump in order to optimize the

working cycle and reduce CO2 emissions
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District heating in ENEA — C.R Casaccia (Roma)
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Node 1 Solar Cooling 5 . .
Main user interface
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system diagram

In ENEA we are developing a new platform software in order to simulate the
small-scale district heating in time domain.

The new software is able to evaluate the energy and economic performances of
a hybrid energy generation plant (CHP, solar palnts. Heat punp)

Project carried out by University of Rome Sapienza and ENEA, within the
framework of “R&D activities of general interest for the National Electric
System”, funded by Italian Ministry of Economic Development (MSE)
26



thanks for your attention |

ENEA — UTEE-GED
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