
EVs are in Your Future!  
What Will It All Mean?



About me

In Industry since 1979
Dealership Tech, Shop Owner

Educator – Allen Testproducts, General Motors, Brevard Community College

Director, Product Management Mitchell1

Product Manager – SPX, AutoCare, Delphi, Alldata

AutoCare Association Emerging Technologies committee, ETI past-president, AASA 
Technology Committee Executive Board



History of EV’s

1975 Sebring-Vanguard 
CitiCar

1996 GM EV1

2000 Toyota Prius –
first mass-produced 
hybrid



Tesla Proved EV’s don’t have to be Boring

2022 Tesla Model S $104,990 2022 Tesla Model 3 $46,990

2022 Tesla Model X $120,990 2022 Tesla Model Y $65,990



Incumbent OE’s rise to the challenge

2022 Ford Mustang Mach E 
$43,895

2022 Ford F-150 Lightning 
$39,947

2022 Hyundai IONIQ 5 $39,950

2023 Nissan Leaf $27,800

2023 VW ID.4 $37,495

2022 Mazda MX-30 EV $33,470



Along with new nameplates

2022 Lucid Air $87,400 2022 Rivian R1S $72,500

2022 Rivian R1T $67,500

2022 Polestar 2 $48,400



What’s Driving the EV Revolution?



California Zero Emissions Vehicle Mandate
• Under new rules:

• 35% of new vehicles must be zero emissions by 2026

• 68% by 2030

• 100% by 2035



California Zero Emissions Vehicle Mandate
• Under new rules:

• 35% of new vehicles must be zero emissions by 2026

• 68% by 2030

• 100% by 2035

• Consumers or businesses can still buy internal combustion 

engine-equipped vehicles in other states

• Owners of ICE-equipped vehicles can still drive them after 2035

• It’s still legal to buy and sell used ICE-equipped cars and light trucks

• HD vehicles zero emission mandate by 2045



California Zero Emissions Vehicle Mandate
• The zero-emission vehicle mandate includes vehicles that are 

not zero-emission

• Up to 20% of a carmaker’s sales can be plug-in hybrids (PHEV), which 
have both electric motors and gas engines, and still count as zero-
emission vehicles as long as the battery range is 50 miles or more

• Not all automakers are on-board with mandate

• Challenges remain:
• Costs

• Charging at multi-family housing

• Customer acceptance







What’s Driving the EV Revolution? - Washington
- Oregon
- Maine
- Massachusetts

- Colorado
- Illinois

- Pennsylvania
- Virginia
- Minnesota



Canada Announces ZEV Mandate by 2035



Growing Pains
“The world needs more oil and gas now to deal with an energy shortage while pushing to transition to 

renewable supplies.” – Elon Musk, ONS Energy Conference, Norway
(Tesla (TSLA) Elon Musk Says World Needs More Oil and Gas as Bridge to Renewables – Bloomberg)

“The shift to relying on electricity for transport requires more battery materials including iron and 
lithium…That industry needs to expand massively so enough cells can be made to replace the energy 

provided by fossil fuels.” – Elon Musk, ONS Energy Conference, Norway
(Tesla (TSLA) Elon Musk Says World Needs More Oil and Gas as Bridge to Renewables – Bloomberg)

“staggering amount of work and investment that is needed to scale this industry quickly”; and that “90% to 
95% of the battery capacity supply chain the industry will need over the next 10 years has not been built yet” 

– RJ Scaringe, CERA Week 2022, Houston
(https://ihsmarkit.com/research-analysis/fuel-thought-pace-change-energy-mobility-climate-innovations.html)

“”How did the F-150 Lightning fare in this head-to-head challenge? Let’s just say it didn’t match up well 
against the gas-powered Sierra.  Towing the travel trailer significantly ate into the EV’s range, limiting how far 

the truck could drive before requiring a recharge”
- RV.com (See How Towing a Travel Trailer Impacts the Range of an Electric F-150 Lightning – RV.com)



Can you imagine 30 min + per vehicle?



EV Launches Accelerating – Driven by incumbent OEMs



Truck body style EVs boosting registrations



2021 2030

Tesla Share 
of US EV Sales

California Share
of US EV Sales

Top 90% Brands
of US EV volume

Models
# of EV Models

Charging Infrastructure
Private, Public, Semi-Public Stations

35% 

71% 

26

12% 

10% 

250+

0.94M 15.3M

The Battery Electric Vehicle (BEV) Landscape is Changing 

US BEV Market

Source: S&P Global; 2021 based on Total New  Registrations



EV Mix begins ramping up after 2030
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Types of Electric Vehicles - HEV

Regenerative
Braking

Electric 
Motor

HEV
Hybrid Electric 

Vehicle

ICE

Fuel Tank

Battery

Gas

• Most popular electric vehicle on the road
• ICE + Electric Motor
• Can switch from full electric to electric assist to 

ICE only
• High Voltage (144-380v typical)
• Voltage converter can more than double that 

voltage for the HV motor to use
• Electric or Electric/Belt AC compressors
• ICE used for propulsion and to charge the battery 

packs (12v + HV)



2022 Hyundai Tucson 
PHEV

• 52 MPG combined/420 
mile range

• 90 hp electric 
motor/261HP combined

• 13.8kWh battery/33 mile 
all-electric range

• 6 speed transmission
• $36,695 MSRP (SEL)
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Types of Electric Vehicles - PHEV
PHEV

Plug-in Hybrid 
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• 47 Models in U.S. today (including Ferrari’s 986 
HP SF90 Stradale)

• Adds Plug-In Charging
• Some powertrains switch from “charge” to 

“contribute” modes
• 20-40 miles typical “electric only” before ICE kicks 

in
• Adds complexity to typical ICE systems

• EVAP
• Fuel Life issues
• Fuel Tank Pressure issues
• Engine designs refined for “partial use” 

scenarios
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Types of Electric Vehicles - BEV
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• Removes ICE
• Typical 200-250 mile range
• Electric HVAC “Heat Pump” cools/heats not only 

passenger compartment but HV battery system as 
well

• 12v battery as well as HV battery 
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Types of Electric Vehicles - FCEV
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• Uses Hydrogen to create electricity via Fuel Cell
• Smaller battery pack
• Up to 400 mile range 
• Fuel time and process similar to ICE

• Add in-vehicle charging – PFCEV – adds 40 miles 
of electric range without consuming hydrogen

• Estimates are 82% less hydrogen required 
annually vs FCEV for most areas of California

• Mercedes-Benz GLC F-Cell in Germany since 
2018 with market launch in Japan planned
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Hydrogen Infrastructure Issues
54 Total in US (another 6 planned or in-process)
53 in California (another 51 planned or in-process) 



Heavy-Duty Market could help



How about Solid-State Hydrogen?



Mythbuster Moment

Our industry needs to be prepared to service EV’sBEV’s are so simple we’ll go out of businessFact:Myth: 
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Mix of Repairs – Hybrid vs ICE-only
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EV vs ICE – Customer Complaints

Nissan Leaf vs Nissan Sentra Chevy Cruze vs Chevy Volt

Looking at the comparisons
• “Engine does not start” is the top complaint
• The rest is same typical complaints vehicle owners have

• “My Brakes Make Noise”
• “The Car Pulls When Driving”
• “The Windows Don’t Work”
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Lucid Air Traction Motor Unit
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Tesla Transaxle Drive
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Other Applications of EV
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Wrangler Magneto 2.0 Concept BEV
- 6 Speed Manual Transmission/2 

speed transfer case
- 70kwh battery capacity drives an 

800 volt electrical system
- 625 hp/850 lb-ft of torque 
- 0-60 MPH in 2.0 seconds

Wrangler Sahara 4xe PHEV
- 270hp 2.0L ICE + eMotors = 375hp/470 

lb-ft torque 
- 2 electric motors – one accessory belt 

driven and one taking place of torque 
converter

- 8 Speed Automatic Transmission
- 17.3 kwh battery capacity at 400 volts
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2022 Audi e-tron

38

• 800 volt architecture
• Dual electric motors – 522/637 

HP depending on model
• 2 speed transmission
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2022 Porsche Taycan Turbo

39

• 800 volt architecture
• Dual electric motors – 750 HP 

on Turbo S
• 2 speed transmission



Other Systems on EV’s

• Electric Blend Doors (no engine vacuum)

• Electric Steering Racks

• Electric Inverters

• Electric Converters

• Electric Brakes

• Electric A/C Compressors
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HVAC - Traditional
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HVAC – New Responsibilities

Inside Condenser

Evaporator Core

Thermal Expansion Valve

Accumulator

Chiller

3-Way Switching Valve

3-Way Switching Valve

Electric 3-phase, variable-
speed scroll compressor

Outside Condenser

High Voltage Battery

• High voltage electric compressor
• Variable speed 3-phase (internal) on many
• Heat pump to provide heater 
• Responsible for cooling (and heating) high voltage battery
• Repair no longer optional!
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Electric HVAC Compressor - Escape
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Electric HVAC Compressor - Prius
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(Model S)



Ford Mustang Mach-E Maintenance Schedule



Ford Mustang Mach-E Cooling System
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What do I need to know?
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Make sure the vehicle is in a mode it can be 
serviced!



Stay Away!
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Know when and how to disable HV circuits
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Is Your DVOM Category 3?
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Do You have the Recommended PPE?
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Servicing Electric Vehicles = Electrical Knowledge Needed!

Get to know Ohm’s Law!
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Know your Lift Points!
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Get to know your Service 
Information!
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We Have the Information – and You are Using It!
2010 Toyota Prius Base 42714

2008 Toyota Prius Base 30259

2007 Toyota Prius Base 25679

2017 Chevrolet Silverado 1500 LT 16971

2009 Toyota Prius Base 16564

2007 Toyota Camry Hybrid 15623

2019 RAM 1500 Big Horn 14864

2011 Hyundai Sonata Hybrid 14845

2013 Chevrolet Malibu Eco 13718

2012 Hyundai Sonata Hybrid 11307

2009 Toyota Camry Hybrid 11263

2018 Chevrolet Silverado 1500 LT 10756

2010 Ford Fusion Hybrid 9378

2012 Ford Fusion Hybrid 8304

2008 Nissan Altima Hybrid 8101

2008 Toyota Camry Hybrid 7515

2016 Chevrolet Silverado 1500 LT 7467

2013 Toyota Prius Four 7410

2013 Ford C-Max Hybrid SE 7117

2010 Nissan Altima Hybrid 7071

2008 Ford Escape Hybrid 6968

2011 Ford Fusion Hybrid 6836

2009 Nissan Altima Hybrid 6712

Year Make Model Submodel lookups Year Make Model Submodel lookups

2012 Toyota Prius Four 6610

2017 GMC Sierra 1500 SLT 6499

2006 Toyota Highlander Hybrid 6450

2018 GMC Sierra 1500 SLT 6167

2013 Toyota Prius Five 6163

2018 Chevrolet Silverado 1500 LTZ 6124

2009 Ford Escape Hybrid 6091

2011 Nissan Altima Hybrid 6064

2012 Toyota Prius Two 5972

2010 Ford Escape Hybrid 5939

2012 Toyota Prius Five 5696

2009 Chevrolet Malibu Hybrid 5607

2011 Toyota Camry Hybrid 5553

2007 Nissan Altima Hybrid 5330

2015 Toyota Highlander Hybrid Limited 5294

2013 Ford C-Max Hybrid SEL 5244

2011 Ford Escape Hybrid 5240

2021 RAM 1500 Big Horn 5098

2020 RAM 1500 Big Horn 5048

2010 Toyota Camry Hybrid 5022

2020 Jeep Wrangler Unlimited Sahara 4922

2008 Toyota Prius Touring 4734

2014 Chevrolet Malibu Eco 4657
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In Summary
EV’s are not coming – they’re here

There will be plenty to work on

Internal Combustion Engines are still dominant

Tools, Information and Training are available to meet 
the new challenges



Q&A


