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Agenda
• DC Charging rate characteristics 
• Some recent developments in North America (NACS, OEM moves)
• Some Charging Economics & Market Challenges
• Some Technical Challenges
• Future Station & Measurement Requirements 
• Q&A



DC Charging rate Characterization 



Onboard Versus Offboard Charging

- Onboard Charging  (Level 2)
- Low Power (< 20 kW in N. America)
- High Value (packaged inside  the EV)
- Long duration (overnight)
- Simple, Reliable 
- Can also be controlled by EV/OEM
- Currently Regulated by OEM but poised 

to change in the future

- Offboard Charging  (Level 3)
- Low or High Power
- High Feature (Complex)
- Part of Infrastructure 
- Complex 
- Regulated by UL/Utilities

DCFC ** 

* Electric Vehicle Service Equipment
** Direct Current Fast Charging
*** On Board Charging Module

OBCM*** 

EVSE*

Utility Domain OEM Domain



DC Charging rates can vary significantly  

- EV Charging capacity 
- Beware of overly 
simplistic proformas 



Some recent Developments in North America



NACS (aka Tesla Standard)

CCS
NACS 
(Tesla)

Separate AC/DC Lines
Moving Latch 
Combines Legacy AC + DC

Combined AC/DC Lines
No moving parts
Smaller footprint



NACS – Relevant Connections

(AC) 
Source

(DC)

EVSE

DC Supply

AC Supply

Signaling 



Some key Excerpts from NACS

Voltage

Current

Maximum Temperature 

Communication Future Updates supporting V2G/V2X 



V2x Technology
The Ultium Home products will be connected to the GM 
Energy Cloud, a software platform allowing customers to 
manage energy transfers.

GM Energy is working with PG&E in pilot projects with Con 
Edison, Graniterock and New Hampshire Electric Cooperative 
(NHEC).

“As GM Energy’s ecosystem of connected products and 
services continues to expand, we’re excited to provide 
customers with options for greater energy management 
beyond the vehicle,” 

“Our initial Ultium Home offerings represent an opportunity 
for customers to take greater control over their personal 
energy independence and resiliency.”

Ultium platform , “the heart of the EV product strategy” as the 
architecture includes the proprietary batteries and the 
proprietary drive and power electronics. 

https://www.electrive.com/2021/09/22/general-motors-reveals-ultium-drive-technical-specs/


Onboard vs Offboard Charging
Key Market Development 
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Facility Based Integration 
Connection from Utilities to facilities
Can leverage facility resources  
Stationary communication systems (Ex. WiFi, 
cellular, Private network)

Vehicle Based Integration 
Alternative to Utility/customer connections
Hardware already packaged into EV’s
Could include both L2 & L3 Charging
Large institutional support 
Leverages EV customer interface 



How vehicle OEM’s are responding 

• 30,000 DC stations by CY2030
• Includes both CCS & NACS connectors
• Separate from GM & BMW’s existing initiatives
• Renewable Energy Component (unclear if direct or indirect)
• First rollouts mid CY2024 in US. Canada to start later
• Funding from National Electric Vehicle Program (NEVI)



Selected Charging Economics & Market Challenges



Some opportunities to serve EV charging needs

• Used Car sales represents 3x the number of new car sales
• 40% of used car purchasers will rely on some form of public charging
• 80% of daily driving is less than 60 km or approx. 12 kWh per day
• A 400 km range battery implies charging just twice per week
• Emphasis on development of an affordable, interoperable publicly 

available charging network that serves this type of customer 
• Significant funding available from National Electric Vehicle 

Infrastructure Program (NEVI).
 



National Electric Vehicle Infrastructure Program (NEVI)

• US Federal program (2021-2026) setting a path to deployment of 500,000 chargers by 
2030
• $7.5B program allocated in 2 key parts across the country

• $5B for EV charging infrastructure
• $2.5B for Charging and (Low Carbon based refueling) infrastructure (Discretionary funding)

• Up to 80% funding available with key criteria including
 - Convenient, affordable, reliable, equitable network of EV chargers

 - Reduces GHG toward net zero by 2050
 - Focuses on US industries & family sustaining union jobs
 - Focuses on Interstate highways as priority
 - 40% of benefits to disadvantaged communities
 - Administered by US dept of Transport, FHWA (Federal Highway Administration)



Business Pressures on 
EV Charging Providers 

Equipment Performance & 
Uptime

Customer Demand Network connectivity

Vehicle Controls & 
Software 
Interoperability

Metering & 
Measurement 
Requirements

Natural Competition

Customer Support & 
Transaction Cost

Equipment 
Obsolescence



P&L framework for DCFC
Revenue:

 - Charging revenue $0.30-1.00/kWh Market varies 

 - Ancillary revenue (tbd)  Co-Hosting revenue

 - Advertising revenue (tbd)  Projected to increase

Costs:

 - Energy    $0.10-.30/kWh + Sub Meter fees

 - Equipment Capital Cost  10-12% + Future upgrade costs

 - Network Software fees  20-$100/month + Future software update costs 

 - Equipment Repair  2-5%/year

 - Customer Service  Call Centre support

 - Site Maintenance  Snow removal/cleaning

 - Measurement recert  semi annual recert/tbd

 - Transaction fees  Fixed + Percentage

 - Communication Network fees Cellular / local network fees

 - EGIA* fees   Mandatory?

 - Plugshare Fees  Based on selected service level

 - Insurance   Value Added service

 - Administrative & Legal fees  Revenue Sharing fees

Predominately 
Fixed

Predominately 
variable

* Electricity Gas & 
Inspection Act



Market Reality in North America
Key Pressures:

- Low Volume & high Fixed Costs
- Price conscious customers
- High Cost of Energy (Power)
- Changing Standards
- Large Enterprises buying space 
- High Operating Costs
- Nearly instant Obsolescence 
- Pending regulatory changes
- High Transaction Costs
- Interoperability issues





Charging Equipment availability 

Less than 20% of EV Charging Stations operational (Canada)

- Equipment durability
- Damage to equipment 
- Software Incompatibility & interoperability
- Network connectivity
- Complexity/ Customer knowledge
- Payment process complexity
- Multiple Standards 
- User Interface complexity & reliability



Future Station & Measurement Requirements 



EV Station Requirements (California)

Examples:
• Mandatory Subscription model prohibited 
• Both Credit or Mobile pay to be supported
• Chip/Tap ready options to be required (est. $370+$271/yr.) 
• Future Interoperability requirements for payment
• Per kWh rate required (drives metering) 
• Graphical User Interface required
• Annual reporting requirements to CARB 
• Compliance with EVITP (Training Program)
• Penalties for Non-compliance ($300-600/EVSE)
• etc, etc …





Measurement Canada Requirements

California: Currently Requires Credit Card & Touch Screens for new DCFC
 CY 2030 to retrofit previous installations.
 Charge by kWh per California Handbook 44.
Canada: Consultations period for L1/L2 over, L3 consultations started 



“In the next 18 months, we expect to allow existing and new electric vehicle (EV) charging stations 
that meet established technical standards to charge based on kilowatt-hours (kWh) consumed. We 
will do this by continuing to work closely with industry and monitoring requirements other 
countries are developing, as well as advances and innovations in EV charging station technologies. 
The requirements will be performance-based to minimize costs and regulatory burden for EV 
charging station operators, while ensuring consumers receive accurate and reliable measurement, 
and protection against unfair practices.”

Measurement Canada – Announcement

Excerpt from Handbook 44



Thank You 

Questions & Feedback



Backup



Level 1-3 Charging – Specs!





‘electric vehicle wh per mile ratings’
Wh per Mile – How much energy 
you consume to go a mile.

KWh / 100 miles: Same * 100

Miles per kWh – Just the inverse 
of the above. 



Recent ABB Terra 350 Exprience
Spec review details…

• Derating > 40C reduces output by 
85% affecting Fast Charging Service

• Storage Temp @ -10C cause damage 
if stored outdoors?

• IP54 confirm outdoor protection
• Touch Screen – Confirm operation at 

extreme cold temperatures
• OCPP 1.6 is lower than latest OCPP 

2.01
• Reach Study required for 10’6” CCS 

cable



Internal resistance-based fast charging vs. standard method - UC Riverside research

Smarter Charging 

https://www.greencarreports.com/news/1127440_fast-charging-method-claims-to-help-electric-car-batteries-last-longer


Not just Range Anxiety

> 10 types of EV Charging Anxiety Identified

Some examples include:
Charger/vehicle Interoperability
Equipment availability 
Amenities available
Reasonable pricing compared to the alternatives
Time required
Ease of use 



Interoperability - SAE
DC Charging is Complicated:

Things that (Can) go wrong:

- Software errors
- Equipment issues
- Customer experience
- Network issues
- Interoperability issues
- Hardware damage/wear
- Dirt/Water intrusion
- Temperature ranges



Charging - It’s Complicated!

Complicated and planning 
to change!

Much like compatibility 
between computers.



Factors Influencing Driving Range
Key Factors influencing Range/Lifecycle:

Driving Speed/Behaviour: 15% drop between 65 & 75 MPH

Ambient Temperature/Wind: Range can drop 50% in cold temperatures

Loading: Higher Mass = Higher power required to accelerate

HVAC Settings: Ex. 41% drop in -7C temperatures. Comfort versus Range.

Tire Pressure: Higher Pressure = Improved Range (possibly reduced handling)

Depth of Discharge: Charging to highest capacity/ Discharging to lowest capacity reduces 
lifecycle. 

Lifecycle: 2% Range loss per year. Worse when DC Fast Charging is used. 



How long to charge? Well, it depends!
Key Factors influencing EV Charging rate (DC):

Battery State of Charge (SOC): Rate reduces towards 100% SOC 

Temperature: Outside 25C, rates will be reduced especially in cold ambient

Battery Lifecycle: Older batterie will charge more slowly on average

Vehicle HVAC Needs: Power can be diverted to vehicle not battery

Charger Equipment: Power electronics can become too hot/cold

Customer Settings: Customer can select maximum charging level through EV User Interface

Utility/facility/adjacent requests to curtail: Depends on location/time situation

Pricing regime: Pricing schemes can provide curtailment

Rate determined/negotiated between Charger and Vehicle.  Changes every second. Any can refuse 
if outside required/agreed upon level. Lowest rate is the chosen rate.

Vehicle

Infrastructure


