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Fonte: Air Quality e-reporting database (EEA, 2015a) 



Fonte: Air Quality e-reporting database (EEA, 2015a) 



Fonti: TNO, LUBW, Ricardo (test su 19 modelli) 



Fonte: CEI-CIVES Commissione Italiana Veicoli Elettrici Stradali 



The world is ready for PEVs !?  
Auto Manufacturers: 

Governments: 



The world is ready for PEVs !?  

TRASPORTI, INFRASTRUTTURE E TELECOMUNICAZIONI: riduzione dell’utilizzo di 
autoveicoli con motori diesel e benzina; incentivi per veicoli ibridi ed elettrici; Piano 
Nazionale Infrastrutturale per la ricarica dei veicoli alimentati ad energia elettrica; 
potenziamento del car sharing elettrico; sviluppo delle reti ciclabili urbane ed extra 
urbane; investimento di risorse per attrezzare i porti; ammodernamento e potenziamento 
delle linee ferroviarie; 



Analisi Mercato PEV in Italia 

Immatricolazioni  
Veicoli Ibridi in Italia(*) 

3.4 % 68000 

Immatricolazioni  
Veicoli Elettrici in Italia(*) 

0.1 % 1970 

(*) Dati UNRAE 



Source: European Commission – Mobility and Transport 

Electric vehicle charging points: EU Analysis 

EU Average 

Numero Punti di ricarica per ogni 100.000 abitanti 



Source:  
https://www.colonnineelettriche.it/ 
https://www.eneldrive.it/ 
 
 

Infrastruttura di Ricarica in Italia 

 10 Città con maggior numero di punti di ricarica 
 1150 punti di ricarica totali 
 50 punti di ricarica rapida DC 

EU2020 - Progetto Replicate 
Comune di Firenze, Comune di San Sebastian, ENEL, 
CNR - IIT, CNR - IM 

https://www.colonnineelettriche.it/
https://www.eneldrive.it/


PRINCIPALI TECNOLOGIE 
DI RICARICA PER PEV 



Charging Topology

Charging Communication

IEC 61851-1

IEC 61851-21
IEC 61851-22

IEC 61851-24

IEC 61851-23

ISO15118
IEC 61850

SAE J2847 SAE J2836
SAE J2293-2

IEC 62196-2
IEC 62196-1 IEC 62196-3

SAEJ1772

Charging 
Connector

 
IEC 60529

IEC 60364-7-722
ISO 6469-3
SAE J1766

Safety

PEV Charging Standards 

Source: L. Rubino, C. Capasso, O. Veneri “Review on plug-in electric vehicle charging architectures integrated with distributed energy sources for sustainable mobility” 
Applied Energy 2017 



On Board AC Chargers: 
 
- Reduced Charging Power 
- Affected by Size and weight 

constraints 
- Typical recharging Time: 4-8 h 

Off Board DC Chargers: 
 
- V2G Management 
- Data communication system with 

the recharging vehicle 
- High Power requirements from the 

main grid 
- Typical recharging Time: 0.5 – 2 h 

On Board  
AC Charger 

BMS 
Vehicle Battery Pack 

Off Board  
DC Charger 

PEV Charging Devices 



On-board chargers

PEV
Conductive Charging 

Architectures

Level 2:
Semi-fast 
charging

Level 3:
Fast 
charging

Level 1:
Slow 
charging

Integrated converter
3-phase
208-600 Vac 
50 kW 

Integrated converter
1- or 3-phase
230 Vac (US)  400 Vac (EU)
IMAX = 80 A, PMAX = 19.2 kW 
Est. charge time: 0.4 – 7 hrs

SAE J1772

Dedicated converter
1-phase
120 Vac (US)   230 Vac (EU)
IMAX = 19 A, PMAX = 1.92 - 3.3 kW
Est. charge time: 7 – 17 hrs

SAE J1772

Off-board chargers

DC STD 3 
VMAX = 1000 Vdc
IMAX = 400 A, PMAX = 400 kW  
Est. charge time: < 0.1 hrs(*)

CHAdeMO 2020

DC STD 2 
VMAX = 500 Vdc
IMAX = 350 A, PMAX = 250 kW  
Est. charge time:0.09–0.18 hrs

CHAdeMO 2016

DC STD 1 
VMAX = 500 Vdc
IMAX = 125 A, PMAX = 62.5 kW  
Est. charge time: 0.3– 0.6 hrs

CHAdeMO 2010

DC LEVEL 1 
200 - 450 Vdc
IMAX = 80 A, PMAX = 36 kW  
Est. charge time: 0.4 – 1.2 hrs

SAE J1772 2009

DC LEVEL 3
200 - 450 Vdc 
IMAX = 400 A, PMAX = 240 kW 
Est. charge time: 0.1 – 0.2 hrs

DC LEVEL 2 
200 - 450 Vdc
IMAX = 200 A, PMAX = 90 kW
Est. charge time: 0.2 – 0.4 hrs

SAE J1772 2009

SAE J1772 (TBD)
DC STD 2 
VMAX = - 
IMAX = - , PMAX = 350 kW  
Est. charge time: < 0.1 hrs

TESLA (2017 TBD)

DC STD 1 
VMAX = 480 Vdc
IMAX = 250 A, PMAX = 120 kW  
Est. charge time: < 0.2 hrs

TESLA 2012

IEC Charging Standard 

Pmax= 3.3 kW 

Pmax= 20 kW 

Pmax= 250 kW 

Pmax= 400 kW 



Charging 
Power 

Charging 
Time 

 [0-100%] 

Charging Point 
Connector Type 

Vehicle 
Connector Type 

Slow:  
3-7 kW 8 – 12 h 

Standard plug and socket  5 Pin Yazaki or 7 
Pin Type 2 

Fast:  
7 kW 
 
AC Quick:  
22 - 40 kW 

2-4 h 

7 Pin Type 2  

Cable directly coming 
from the charging station 

5 Pin Yazaki or 7 
Pin Type 2 
 

DC Quick:  
50 kW 
 

20 – 30 min 
[0 to 80%] 

Cable directly coming 
from the charging station 

 

CHADEMO or SAE 
DC Combo 
 
 
 
 

 Charging Connectors - IEC 61851-1  Standard 



 DC Charging Connectors 



PEV Charging Equipment 

Power: 120 kW DC 

TESLA Supercharger ABB Terra 51 
Power: 50 kW DC  
22 kW AC (Level 2) 
Multi-standard 

Siemens QC 45 
Power: 45 kW DC  
22 kW AC (mode 3) 
Multi-Standard 

Level 3 – DC Fast Charging 

Level 1 - Slow Charging Level 2 – Semi-Fast Charging 

Standard: CCS 



LCVs 

2012 On the roads 2013 2017 

Renault 
Kangoo ZE 

Ford 
Connect 

Mercedes 
Vito E-cell 

 

A- and B-  
Segment  

Mitsubishi 
 i-MiEV 

Smart ED 

Renault 
Zoe ZE 

 

Peugeot 
 iOn 

Citroën  
C-Zero 

C- and D-  
Segment  

G-segment  
and SUVs 

Tesla Roadster 

Renault 
Fluence ZE 

 

Nissan 
Leaf 
 

Micro-cars  
 
  

Think City 
Renault 
Twizy  

 

Tesla Model S 

Volvo 
C30 Electric 

 

Ford 
Focus Electric 

 

Volkswagen 
Golf blue e-motion 

Toyota  
iQ EV 

 

Renault 
Kangoo ZE 

Volkswagen 
e-UP! 

 

 
Smart ED 

BMW 
 i3 

 
Renault 

Fluence ZE 
 

Nissan 
e-NV200 
 

* Source: ABB EV Charging Infrastructure 

Level 1 
AC slow 
charging 
(3 kW) 
 
Level 2 
AC fast 
charging 
(6 – 10 kW) 
 
Level 3 
AC Quick 
charging 
(22 kW) 
 
Level 2 
DC Quick 
charging  
(50-120 kW)  
 
 
 
 

EV Charging Modes In The European Market* 



Ultra Fast 
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SMART GRID 



 The use of an energy storage system as 
power buffer can reduce the impact of the 
ultra-fast charging on the grid 

The grid tie converter can be downsized in 
terms of power 
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Ultra Fast Charging – Buffered Architecture 
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Flux 1 
Low Power  

Buffering Phase 

Flux 2 
Low Power 

EV Charging Phase 

Flux 2+ Flux 3 
High Power Ultra-Fast 
EV Charging Phase 



DC Bus

AC 
                  DC

Power 
Flux

Power 
Flux

Power 
Flux

DC 
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DC 
                  DC
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Flux

DC 
                  DC

Advantages:  
• Only one  AC/DC 

conversion stage 
• High efficiency DC/DC 

converters 
• Better RES Integration 

Drawbacks:  
• Expensive high DC Voltage 

electric components 

DC Charging Architecture 



Prototype of DC Charging Station for PEV 



Scenari Futuri: Vehicle to Grid 

PHEV Energy Storage Systems 
Load Leveling 

Peak Shaving 

• I veicoli elettrici ed ibridi plug-in, durante le operazioni di ricarica, possono supportare la 
rete elettrica con servizi denominati Vehicle to Grid (V2G), mediante operazioni di carica 
e scarica dei loro pacchi batteria. 

 
• I principali servizi riguardano il Peak Shaving, il load leveling e servizi di back up. 



Scenari Futuri: Inductive Charging e V2V 

 Stationary Wireless Power Transfer  Dynamic Wireless Power Transfer 

 Vehicle to Vehicle Scheme 



THANK YOU FOR YOUR ATTENTION ! 
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