
Clean Cities  /  1

EVSE 101: Equipped to Charge: Wiring, Chargers, and Meters 
– Attributes and Costs 

Getting Plugged In: Electric Drive Community Readiness 
Training for Clean Cities Coordinators 

June 27, 2011 
Indianapolis, Indiana 

Theodore Bohn 
Principle Engineer 
Argonne National Laboratory 
Tbohn@anl.gov 



  

Historical Perspective on EV Charging
Equipment 1900 to Today ….and Tomorrow 
1913- 150A/48vdc coupler 1990’s J1772 Conductive 2010 SAE J1772 Level 2
 

(30,000 EVs in 1913) SAE J1773 Inductive 240vac/<80A (32A typ.)
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2011 SAE J2954
 
Wireless Charging
 



  

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

AC-1 120 20 
AC-2 240 <80 
DC-1 <600 <80 
DC-2 <600 <200 
DC-3 <600 <400 

DC Fast Charging Couplers:
SAE J1772-Hybrid, JARI-ChAdEMO 

Level Volts Amps 

SAE/ISO AC+DC 
Combo J1772) 
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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 

• Typical crossover from on-
board (AC) to off-board 
(DC) charging is ~6kW due 
to volume/cost 

Equipped to Charge…..Safely 



  

End Goal: ‘Fill the Bucket’, Safely
Anatomy of a PHEV Battery Pack 

Chevy Volt example: 288 cells, 16kWhr; 3.3kW onboard charger
 

Mid-pack service disconnect 
Battery Management Module 

Battery Voltage/Temp sensors 

Output Contactors 

Battery Cooling passages 

End Run Bus Bar 

HV Output Leads (orange) 
HVIL connector interlock 
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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 
• Charge power 1-3 kW 

– Extended Range Electric Vehicle 
(EREV) 

• Increased electric range – medium battery 

10-20 kWhr
 

• Charge power up to 6 kW 

– Battery Electric Vehicle (BEV) 
• All electric range – large battery >20kWhr 
• Charge power > 6 kW 
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Relative Annual PEV Energy Usage
{~2500kWhr/year or $275/year; ~$23/month} 



  

 
40+ Vendors; Forest of EVSE Products 

- Key Attributes; NRTL Listed, Ratings 

Basic Choice Criteria 
•	 Enclosure Grade: 

- Commercial or Residential, Inside-Outside 
•	 Mounting Method: 

- Portable, Floor, Wall, Post, and Even Ceiling Mount 
•	 NRTL Listing: 

- UL, ETL, etc (NEC requires NRTL listed EVSEs) 
• Charging Level/Rate: 

AC-2 240 <80 

Level Volts Amps 
AC-1 120 20 

Level Volts Amps 
DC-1 <600 <80 
DC-2 <600 <200 
DC-3 <600 <400 
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Basic Definitions of PEV Charging Systems
- Utility, HAN/EMS, EVSE, PEV 
1) Utility provider‐ 3) EVSE‐ Charging Station‐
commercial, residential Electric Vehicle Supply 
setting, including Smart Equipment‐ either AC or DC, 
Grid communication w/revenue & comm. (~$450‐$5k) 

2) Home Energy Mgmt‐
Home gateway for 
demand reduction 
settings/information 
portal (~$50) 

Utility Messages 
900MHz to back‐haul 
2.4GHz Zigbee to HAN 
(Itron or SilverSpring) 

EVSE with Compact 

Metrology and Vehicle-


EVSE Router pass through
 
HAN- Zigbee/Ethernet
 

HomeGateway 
Digi, Greenwave Reality
 
HAN‐ Zigbee/Ethernet
 

4) Plug‐In Electric Vehicle 
‐ 4kWhr PHEV Prius 
‐ 8kWhr Volt 
‐ 24kWhr Leaf 
‐ 53kWhr Tesla 

Emulated PEV/Physical EV,‐
Connected to J1772, or (BMS, 
Pseudo Batt, Charger, CAN 
network/converter‐ to DUT) 

Clean Cities /  9 



   

 Clean Cities  / 10 

? Interoperability ? 

Utilities 

Occasional use cable EVSE        DC off board charger 

Many Combinations of EVs, EVSE and Utility Region Installations 

SAE J2953-PEV-EVSE Compatibility 
EVSE-PEV-EUMD-Utility Test Fixture/Tools 



 

 

Networks for Energy Management Are a 
Key Element of Smart Grid Architectures 

Energy 
Storage 

Appliances 

Loads 
E.g. Pool Pumps 

Solar, Wind 

S258 - Rich Scholer - EVSE Architecture 

Home Area 
Network 
(HAN) 

EMS 

Portable Display 

Water, Gas 
Meter 

Thermostats 

Energy 
Management System 
(Bridge to Consumer 
Network) 

12345 

Wired 

Wireless 

Both 

Backhaul: 
Radio, PLC etc. ESI 

12345 

Sub-Meter 
(EUMD) Bridge May be in EVSE or EMS 

EVSE Bridge 

Wired to 
Wireless 

Integration 

(if Meter does 
not support) 

Always Present: 
1) PEV 
2) EVSE 
3) Electric Meter 
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Where Does the End Use Monitoring Device
(EUMD) Reside? Depends on Perspective 
The UEMD measures just the branch circuit power flow to the EV, but 
may be located in different segments of that branch. 

1) Utilities tend to favor locating it in an outdoor, technician accessible 
area, such as next to the main meter; possibly as a fused sub-
panel with dedicated run to EVSE. 

2) Home Owners may want it next to their service panel or in garage 
near the EVSE. 

3) EVSE manufacturers want to build it into the EVSE, or in a socket 
in the EVSE. 

4) Auto manufacturers may 
want the EUMD on-board the 
vehicle to simplify access to 
EUMD information. 

1 

2 

3 4 
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Secondary Meter vs Sub-Meter 
Equipment cost is minimal compared to labor/installation) 

60A Fused AC Disconnect, $9.99 retail 
- EUMD integrated into fuse holder 
(most valuable when service panel is full) 

Significant labor/material cost difference 
between upstream side and sub-meter 
downstream side (level of PPE, ladder/cable 
cutters/splice vs electrician on inert side) 



 

Summary: EVSEs, Stds, Wiring Issues 

• Cost of the EVSE equipment is not negligible, but often 

very small compared to installation labor/materials.
 

•	 Cost of EVSEs are coming down with time/volume. 
•	 Cost of installers is increasing with overhead/inflation. 
•	 Many standards are in place to make EV charging safe, 

interoperable, and expandable for the future (i.e. wireless). 
•	 Network connected vehicles can offer many grid stabilizing 

benefits, and lack of differentiation on charging time/rates 
may encourage poor social behavior (i.e. personal 
inconvenience is more important than greater good) 

•	 Many efficient technologies are coming to easy the 
complexity of connecting vehicles and infrastructure. 

Clean Cities  / 14 



 

Additional Resources 

To Learn More: 

www.transportation.anl.gov
 

Theodore Bohn
 

tbohn@anl.gov
 

Nobody is totally worthless- they can always be used as a bad example
 
Clean Cities  / 15 

mailto:tbohn@anl.gov
http:www.transportation.anl.gov

