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• Types of Electric Vehicles/Charging Times 
• Basics of PEV charging: AC on-board vs DC off-board 
• Basics of PEV and EVSE Digital Communication 
• Smart Home Communication Example 
• SAE Hybrid Communication Task Force Standards 
• Wireless Charging 
 

Overview 

AUTHOR’S DISCLAIMER: Many of the images and graphics  
used in this presentation have been obtained from other author’s presentations.   
They are used here for informational purposes only and do not contain sufficient  
annotations to attribute them to proper sources.  Use of these materials are appreciated by  
the respective owners of these materials in this presentation. 
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Unique Charging Needed for Each Vehicle Type 

– Plug in Hybrid Electric Vehicle (PHEV) 
• Very limited electric range – small battery 5-10 kWhr 
• OB Charger Output Power: 1-3 kW 
• 2012 Toyota Prius PHEV Electric Range: 13 miles 

 
– Extended Range Electric Vehicle (EREV) 

• Increased electric range – medium battery  
10-20 kWhr 

• OB Charger Output Power: up to 6 kW 
• 2012 Chevy Volt Electric Range: 35 miles 

 
– Battery Electric Vehicle (BEV) 

• All electric range – large battery >20kWhr 
• OB Charger Output Power: > 6 kW 
• 2012 Ford Focus Electric Range: 76 miles 

 



  4 

Range Comparisons and Benefits 

73 mi (99 MPGe); 62-138 mi (Nissan)3 

13 mi 

35 mi (93 MPGe)2 

 Prius Hybrid 

Prius Plug-in Hybrid 

Volt Plug-in Hybrid (aka Extended-Range Electric Vehicle or ‘EREV’) 

Leaf Plug-in Electric (aka Battery Electric Vehicle or ‘BEV’) 

1 EPA rated fuel economy on urban/highway/combined driving cycles 
2 MPG equivalent = combined city/highway electric energy consumption translated to fuel economy based on 33.7 kWh per gallon of gasoline 
3 ‘Real world’ range results by Nissan as a function of climate control, speed, driving style and load/topography  
4 Representative travel distribution; source: http://www.fhwa.dot.gov/policyinformation/pubs/hf/pl10023/fig4_5.cfm 

51/48/50 MPG1  

35/40/37 MPG1 (Gas only) 

Electric Operation 

379 mi total range 

595 mi range 

Gasoline Operation 

Annual 
Percentage  

Of Days4 

 

1-10 10-20 20-30 30-50 50-75 75-100 >100 
Daily Vehicle Miles Travelled (VMT) 

20 

10 

15 

5 
‘Utility Factor’ 

Annual Travel Distribution 

48-50 MPG (est.)  28% 

62% 

Probability that 
average US vehicle will 

be driven ≤ electric 
range during a day 

68% 

Source: eere.energy.gov 
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2011 Chevy Volt Charge Energy and Efficiency Analysis 
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Relative Annual PEV Energy Usage 
(~2500kWh/year or $250/year: ~$21/month) 

Electric Only 

MPGe = 33.7 kWh/1 gal gas * miles/kWh  

2011 EPA 93 MPGe  (combined)=>  93 MPGe/33.7 kWh/gal gasoline = 2.76 miles/ kWh 

2,520 kWh*2.76 miles/kWh = 6,955 miles   

2,520 kWh *(0.84)* 2.76 miles/kWh = 5,842 miles (1,113 miles ‘lost’ due to OB charger inefficiency) 

 

Assuming $0.10/kWh: 1 kWh(DC)/2.76 miles *(1/0.84) $0.10/kWh (AC)= ~$0.043/mile  

 

Gasoline Only 

2011 EPA 37 MPG (combined)   

Assuming $4/gallon gas:  1 gal/37mile * $4/gallon = ~ $0.11/mile 

 

 

www.fueleconomy.gov 
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The SAE DC charging standards current limits are most 
relevant. Delivered charging power is limited by vehicle's 
battery voltage- typically less than 400vdc. 
 
SAE Level 1 DC limit is 80A at up to 450vdc 
SAE Level 2 DC limit is 200A at up to 450vdc  
SAE Level 3 DC limit is 400A at up to 600vdc 
 
The miles per minute of charge rate is tied to the size of the 
vehicle. Using simple math of 4 miles/kWh, and a nominal 
battery voltage of 400v,  results in the following: 

How fast can a PEV be charged? (It depends) 



  8 

• Level 1 J1772-DC= 80*400=32kW*4=132 miles per hour 
of charging, or 132/60 minutes= 2.2 miles/minute 
 

• Level 2 J1772-DC= 200*400=80kW*4=320 miles per hour 
of charging, or 320/60 minutes= 5.33 miles/minute 
 

• Level 3 J1772-DC= 400*400=160kW*4=640 miles per 
hour of charging, or 640/60 minutes= 10.66 miles/minute 
 
The broad answer is "It depends", and above are some 
examples of the typical parameters (4 miles/kWh, ~400vdc 
battery). 
 

How fast can a PEV be charge? (It depends) 
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• General Purpose of Electric 
Vehicle Supply Equipment 
(EVSE) is to be an intelligent 
interlocked coupling system 

• AC, DC, or wireless high 
frequency resonant AC 

• Cost Ranges from ~$500 AC-1 to 
$50,000 DC-2 (not including 
installation/infrastructure fees) 

Electric Vehicle Supply Equipment (EVSE)  
 

Level Volts Amps kW 

AC-1 120 20 2.4 

AC-2 240 <80 <19.2 

DC-1 <450 <80 <36 

DC-2 <450 <200 <90 

DC-3 <600 <400 <240 
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SAE J1772: Conductive Charge Coupler 

5 pins total:  
- Single phase power 2 pins power (80A) 
- Ground 
- Pilot signal 
- Proximity 
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Electric Vehicle Supply Equipment (EVSE)-  
AC Level 1 and 2 
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Electric Vehicle Supply Equipment (EVSE)  
Pilot Line Circuitry 

2 µs fall and rise 
time 

Low Pass 
Filter ADC Input 

State (Vp) 
measurement (± 

1Vp max) 
J2931 Point B 

Duty Cycle (%), 
Freq. (kHz), 

rise/fall time (µs) 

J2931 Point A State 
Measurement (Vp) 

Signal 
Conditioning ADC Input 

Duty Cycle (%) 
Freq. (kHz) 
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Electric Vehicle Supply Equipment (EVSE)-  
AC Level 1 and 2 

EVSE: Measures Pilot State 

PEV: Measures Duty Cycle 

Source: SAE J1772 Standard 
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DC Fast Charging Couplers: 
ChAdEMO or SAE J1772-Combo? 

Nissan Leaf uses two connectors  
(DC-ChAdEMO and AC-J1772) 

SAE/ISO AC+DC 
Combo J1772) CAN Pins avoided via 

J2931 PLC over Pilot 

Look mom, no lever! 

Due to fewer Comm. Pins 
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DC Charging Stations 

• Currently only Nissan Leaf and Mitsubishi iMIEV have DC 
charging inlets (50kW)- (previously ~$900 option, now std.) 

• SAE/IEC combination DC-AC charging standards are coming in 
2012- vehicles 2014?  

1
5 

Blink Coulomb- 
Acker Wade 

Epyon- Holland,  

All of the above use the ChAdEMO DC coupler  

Nissan Aerovironment 

- 50kW=50/3=12.6kWhr-> $1.26 of electricity at $0.10/kWhr;  
- Including service fee $20/12.6kWhr=$1.59/kWhr 

Others include Eaton, Efacec, Delta Products, Fuji Electronics, DBT, etc 
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Electric Vehicle Supply Equipment (EVSE)-  
SAE DC Level 1 and 2 
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Digital Messaging Needed to “Close Loop”, but no CAN pins? 
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PLC: Power Line Communication 

Data 
modem

Data 
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Impresses a modulated carrier signal on 
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Netgear XAV2001: HPAV PLC Adapters ~80 Mbps HomePlug Green PHY: Prime Technology 
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Charger Cordset or HF Transmission Line? 

Switch Closed 
(State C), No PLC 
modem connected Wayne Kerr 6500B 

Impedance Analyzer 
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SAE Hybrid Communication Task Force Standards 
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S258 - Rich Scholer - EVSE Architecture 

Home Area 
Network 
(HAN) 

EMS 

Water, Gas 
Meter 

Appliances 

Loads 
E.g. Pool Pumps 

Solar, Wind 

Always Present: 
1) PEV 
2) EVSE 
3) Electric Meter 

Energy  
Storage 

Thermostats 

Portable Display 

Energy 
Management System 
(Bridge to Consumer 
Network) 

12345 

Wired 

Wireless 

Both 

Backhaul: 
Radio, PLC etc. 

ESI: Energy Services 
Interface 

12345 

Sub-Meter 
(EUMD) 

EVSE Bridge 

Wired to 
Wireless 
Bridge  

Integration 

(if Meter does  
not support) 
May be in EVSE or EMS 

Networks for Energy Management Area 
Key Element of Smart Grid Architectures 
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Historical Perspective on EV Charging 
Equipment 1900 to Today ….and Tomorrow 
1913- 150A/48vdc coupler 

(30,000 EVs in 1913) 
1990’s J1772 Conductive 2010 SAE J1772 Level 2 

240vac/<80A (32A typ.) 

2011 SAE J2954 

Wireless Charging 

SAE J1773 Inductive 
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SAE J2954 Wireless Charging 

Source: Morris Kessler Witricity Corporation 
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? Interoperability ? 

Utilities 

Occasional use cable     EVSE         DC off board charger 
 

Many Combinations of EVs, EVSE and Utility Region Installations 

SAE J2953-PEV-EVSE Compatibility  
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Questions? 


