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Overview

• Discuss fleets in the context of what is happening with 

transportation globally - overall directions, macro view of 

trends

1. Improving conventional vehicles, including hybrids

2. Uncertainty - why consumers discount fuel savings

3. Capitol Investments and Leadtime

4. Impact of improving vehicle efficiency on the cost of 

driving

5. Alternative-fueled vehicles - market constraints 

• Uncertainty and lower cost of driving with conventional 

vehicles



Consumer (and government) perceptions

• Climate change

• Severity and timing of climate change impacts

• Technology capability of auto industry

• Role of the auto industry

• Major perceptual challenge for automakers (Bill Reinert):

The First Law of Thermodynamics 

vs. 

The First Law of Disney
(i.e., wishing makes it so)

Mike Millikin, Editor Green Car Congress, Fleet Challenge Ontario, 23 Feb 2010



Conventional 

Technology



Where Does the Energy Go?

http://www.fueleconomy.gov/FEG/atv.shtml



 Significant opportunities 
remain for advancement 
of ICE engine efficiency

Pumping losses

Engine friction

Exhaust and 
radiation 
heat loss

Cooling loss

ICE 
Efficiency

Inertia/braking

Accessories & A/C loss

Drivetrain loss

Aerodynamic and tire 
rolling resistance 

losses

Driving

Idling

Deceleration

Note – Losses vary 
widely depending on 
vehicle, technology, 

and operating 
conditions

IC Engine Efficiency
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Research for 
mass production

HCCI

No single 
solution –

multi-pronged 
approach

Efficiency/CO2 Reduction Strategies

Trans-
missions



2002 NAS CAFE Report



Lightweight Materials

 High strength steel - also improves safety

 Aluminum and Magnesium
– Requires lots of electricity, price has been going up

 Plastic
– Cheap, color goes below surface

– Less rigid and must paint

 Carbon fiber
– Very strong and light

– Difficult to work with and expensive

 Safety is extremely important

 Must be able to manufacturer on assembly line

 Must be able to repair and recycle or reuse



Honda Prototype Engine Base

( Electro-magnetic valve )

HCCI Engine

30%
Improvement in 

fuel economy:

Camless Valve Actuation 
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Boosted EGR Engines

 Turbo-boosted EGR for 

highly dilute operation

 Dilute combustion offers 

considerable efficiency 

improvement

 Advanced ignition 

systems are a key to 

highly dilute operation

High Efficiency Dilute Gasoline Engines (HEDGE) 
Southwest Research Institute



i-DTEC - Super Clean Diesel for US

CO2 + H2O

N2
NOx

HC ,CO

O2

Under Floor Lean NOx CAT System

• Improved Lean NOx Catalyser 

• Rich Air/Fuel Ratio Spike Control

• Sulfur Regeneration

• Emission Stabilizing System

• New Combustion Chamber Design

• High Pressure Piezo Common Rail

• Lower Compression Ratio

• Combustion Pressure Sensor

Improved Combustion
OBD-II SystemNew Software

• LNC Control

• Combustion Control

• Cetane Estimation

Closed-coupled 
Catalytic Converter 

Diesel Particulate 
Filter (DPF)

＋

Source:  American Honda Motor Co.



Battery

Inverter
Engine

TransMotor

2) Integrated Motor Assist

Battery

Engine

Inverter

Generator

Power Split

Device

Motor

Inverter

3) Power-Split

Basic Hybrid System Designs

1) Belt-Driven Alternator/Starter

GM/BMW/Chrysler 2-mode 

is a power-split variation



Hybrid System Attributes

Stop/

start

Regen 

brake

Alternator 

support

Launch/

Power 

assist

Electric 

drive

BAS belt-

driven 

alternator 

starter

12v Yes Limited Limited

42v
Crank 

to idle
Moderate Moderate Limited

IMA 
integrated 

motor assist

<100v
Crank 

to idle
Moderate Moderate Moderate

>100v
Crank 

to idle
Extended Moderate Moderate Limited

Power-

split
>100v

Crank 

to idle
Extended Moderate Extended Moderate

Increasing benefits and cost with each step



Future Hybrid Potential

 Hybrid costs are coming down

• Learning - Each generation of motor, controller, and 

battery pack is better integrated and more efficient

• Economics of scale improve as sales increase and 

more suppliers enter the market

• High power Li-ion batteries in development will 

reduce hybrid battery size and cost

• Current batteries have 2 to 3 times excess energy 

storage, to ensure adequate power and durability

 Synergies are being developed to increase hybrid 

benefits and consumer features



Synergies Between IMA Hybrid and DCT
DCT: Dual-clutch automated manual

The electric motor is mounted parallel 
to the transmission shafts and is 

connected via an electro-magnetic 
clutch that allows it to connect to 

either of the two gear sets. 

Problem Solution

DCT  has 

problems 

launching 

the vehicle

Launch 

vehicle 

using high 

torque from 

electric 

motor

Limited 

space for 

electric 

motor 

between 

engine and 

transmission

Mount 

motor on the 

rear of the 

DCT



Other Hybrid Synergies and Features

 Eliminate turbo lag

 Provide part-time 4wd

 Keep engine out of low efficiency operating 

modes

 Plenty of electric power – on-board electric 

generator, individual climate-controlled seats, 

power accessories,, automatic load leveling and 

shocks, electronics, communications, etc. 



Consumers and 

Uncertainty



Turrentine & Kurani, 2004

 Out of 60 households (125 vehicle transactions) 

9 stated that they compared the fuel economy of 

vehicles in making their choice.

 4 households knew their annual fuel costs.

 None had made any kind of quantitative 

assessment of the value of fuel savings.

In-depth interviews of 60 California households’ vehicle 
acquisition histories found no evidence of economically 

rational decision-making about fuel economy.



• Uncertainty about future fuel savings makes 

paying for more technology a risky bet

- What MPG will I get (your mileage may vary)?

- How long will my car last?

- How much driving will I do?

- What will gasoline cost?

- What will I give up or pay to get better MPG?

- [Most customers don’t even know current MPG]

Consumers are, as a general rule, 

LOSS AVERSE

Causes the market to produce less fuel 

economy than is economically efficient



Uncertainty and Performance

 Acceleration is highly certain

– Published horsepower alone a reasonable guide 

– 5-minute test drive provides a high level of certainty 

 Fuel economy benefits from new technologies are 

highly uncertain

– Most customers have no idea what their baseline fuel 

consumption is, much less what it will be on a new vehicle, 

how much they will drive the new car, what future fuel 

prices will be, etc. 

 Most customers will (rationally) choose a small, 

certain benefit (performance) over a higher valued 

but much less certain benefit (fuel savings)



Innovator

Early

Adopter

Early

Majority Majority

Hanger-

On

New Customer Profile

Increasingly risk averse 



New Consumer Discounting is Fixable

0

Fuel Consumption

Rebate

Fee

 Increase fuel taxes  

 Feebates: Pay manufacturers and consumers 
up front for value of the fuel savings



Capitol Investments 

and Leadtime



Capitol Intensity

Manufacturers 
need adequate 

leadtime



Costs and Leadtime

• Benefit and cost of individual technologies is 
not the problem
• Technology clearly can dramatically improve 

efficiency

• Real issue is the rate at which technology can 
be introduced without increasing costs and 
adverse consequences

• Quality demands are very high

• Huge risks if technology is introduced without 
proper development and testing

• Costs increase dramatically if normal development 
cycles are not followed



Primer on Automotive Business Planning

―Automobiles require long lead times for design, development and production planning (including tooling and supplier
contracting). The process of developing a new program, whether for a new or redesigned vehicle or a powertrain,
typically spans two and one-half years from concept to launch, as illustrated in Figure E-1.‖

―because vehicle programs carry over a high level of components and engineering from other programs, product 
changes are almost always evolutionary. Moreover, intrinsic time lags—the two- to three-year lead time for product 
development, the even longer planning cycle for all of a company’s products, as well as the evolutionary nature of 
product change—represent constraints that must be respected. 

Any potential policy requirements must acknowledge these realities. Indeed, it is difficult for automakers to do too 
much too fast. They are constrained by money, human resource issues and tooling costs, to name but a few.”

HOW 
AUTOMAKERS 
PLAN THEIR 
PRODUCTS, 
Center for 

Automotive 
Research, 
July 2007



Real Cost of Driving



Real Gasoline Price

Motor Gasoline Retail Prices, U.S. 
City Average, adjusted using CPI-U

AEO2009 
April 2009 

update



New Vehicle Fuel Economy

2008 EPA FE Trends Report

34.8 in 2016 
plus 4% per year



New Vehicle Gasoline Cost per Mile

$3.82/
gal



Real Fuel Cost - % of Disposable Income

$3.82/gal

$11/gal

$19/gal

Forecasted Per Capita Disposable Income from AEO2009 April 2009 update



Alternative-Fueled 

Vehicles:  
Plug-In Hybrids, Battery 

Vehicles, and Fuel Cell Vehicles



past present future

Today Air Quality

Climate 
Change

Energy 
Sustainability

Developing alternative
fuel technology

(vehicles and infrastructure)
to address energy sustainability

Further advancing
fuel efficiency through

conventional engine hybrid
and other technologies

Reducing air 
pollution

with conventional
engine technology

②

①

③

Hybrid and 
internal 

combustion 
engine 

technology 

Fuel cell and 

electric 

technology

Fuel cell and electric vehicle technology have the potential to concurrently help 
solve the problems of air pollution, global warming, and limited energy resources

Significance of Fuel Cell and Electric Vehicles



The Liquid Fuel Advantage

Energy density per volume Energy density per weight

kWh/liter vs gasoline KWh/kg vs gasoline

Gasoline 9.7 13.2

Diesel fuel 10.7 110% 12.7 96%

Ethanol 6.4 66% 7.9 60%

Hydrogen at 10,000 psi 1.3 13% 39 295%

Liquid hydrogen 2.6 27% 39 295%

NiMH battery 0.1-0.3 2.1% 0.1 0.8%

Lithium-ion battery (present time) 0.2 2.1% 0.14 1.1%

Lithium-ion battery (future) 0.28 ? 2.1%

ENERGY FUTURE: Think Efficiency
American Physical Society, Sept. 2008, Chapter 2, Table 1



What is a Plug-In Hybrid?

A Plug-In Hybrid Electric Vehicle (PHEV) is a Hybrid Electric Vehicle (HEV) with 

additional battery energy that can be charged from the electric grid and used to propel 

the vehicle for some portion of a trip

Image: J. Romm, A. Frank, Scientific American, April 2006

• An owner could “fill-up” with 

gasoline during the day and charge 

the vehicle at night

• A PHEV can (a) operate primarily 

on the battery until the battery 

charge is mostly depleted, or (b) 

use a “blended” charge depleting 

strategy that routinely turns on the 

engine to help with acceleration.

• All-electric range options vary from 

about 10 miles to about 40 miles



PHEV Challenges

• Battery size and weight
• Reduces vehicle utility and performance

• Battery durability
• Deep discharge cycles 

• Higher loads at lower SOC

• Safe off-board charging
• Especially for 2nd/3rd owners

• Cost
• Larger motor and power electronics

• Battery

• Uncertainty



Future Direction of Battery Development

NEDO 
2006



Li-ion Chemistry Tradeoffs

The Boston Consulting Group – Batteries for Electric Cars: Challenges, Opportunities, and the Outlook to 2020 



Future Li-ion Cost

The Boston Consulting Group – Batteries for Electric Cars: Challenges, Opportunities, and the Outlook to 2020 



Plug-In Hybrid Payback - ACEEE

Assumptions – 12,000 miles per year, hybrid FE of 50 mpg, conventional vehicle FE of 30 

mpg, 50% of plug-in miles on electricity, $3.00/gal, 4.0 miles per kWh, $0.09/kWh, no 

discount of fuel savings, no additional cost for motor and power electronics, no FE 

penalty for additional weight of plug-in batteries, no battery replacement for plug-in

Table 8, Plug-In Hybrids, ACEEE, Sep 2006 Calculated

Hybrid
Plug-In, 40-

Mile range

Plug-In vs. 

Hybrid

Near-term Incremental costs

Battery - $/kWh $2,000 $1,500

Battery – total cost $2,000 $17,500 $15,500

Other incremental costs $1,500 $1,500 0

Annual fuel savings $480 $705 $225

Payback (years) 7.3 27.0 68.9

Long-term Incremental costs

Battery - $/kWh $400 $295

Battery – total cost $600 $3,500 $2,900

Other incremental costs $1,000 $1,000

Annual fuel savings $480 $705 $225

Payback (years) 2.9 6.4 12.9



2007 MIT Study of Greenhouse 

Gas Emissions from Plug-in 

Hybrids, Battery EVs, and Fuel 

Cell EVs.



Petroleum 

Consumption

GHG

Better

Plug-in hybrid and 

conventional 

hybrid offer same 

GHG on U.S. 

average grid

Source:  2007 MIT Study

2030/2035 Technology Comparison
Toyota Camry with projected 2030/2035 technology

> 45 mpg

> 70 mpg



Cost-Effectiveness Comparison

Source:  2007 MIT Study

All compared to 2030 NA-SI baseline



Uncertainties Huge Barrier for PHEVs
 How much am I going to save on fuel? 

 How much will I pay for electricity? 

 How often do I need to plug in?

 How much hassle will it be to plug in?  Can I be electrocuted? 

 What will it cost to install recharging equipment? 

 How long will the battery last? 

– And how much will it cost to replace it?

 How reliable will the vehicle be? 

 What will the resale value be?

– Especially since the next owner also has to install recharging equipment

 What kind of PHEV is best for me?

– Would a blended strategy be better than electric-only operation? 

– What amount of AER would be best for my driving? 

– What if I move or change jobs?

It’s bad enough to 
spend $300 on a 

Betamax -
but $30,000+ ?



Electricity versus Hydrogen
 Both are energy carriers – can be dirty or clean, depending on how 

created

 Neither will replace gasoline internal combustion for a long time

Advantages Needed improvements

Electricity

• Existing infrastructure   

• Battery charge/discharge 

losses lower than fuel cell 

losses

• Driving range – energy 

storage breakthrough

• Lower carbon grid

• Safe place to plug in

• Charge time

Hydrogen

• 90% of energy from air

• Remote generation (wind, 

geothermal, waves, solar)

• Cogeneration – heat and 

electricity for home, fuel for car

• Breakthrough in hydrogen 

storage and delivery

• Better ways to create 

hydrogen

• New infrastructure

???

15 min = 440v x 1,000 amp



Natural Market Barriers

 Need for technological 

advances

 Learning by doing

 Scale economies

 Resistance to novel 

technologies

 Lack of diversity of 

choice

 Chicken or egg?

– Lack of fuel availability

– Lack of vehicles to use 

new fuel

DOE’s hydrogen study estimated 
transition costs of$25-40 billion 



Conclusions
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In gauging the potential for advanced vehicles, 

remember that the competition is changing….

What looks good 
against today’s 
(conventional) car may 
not look so good 
against tomorrow’s.

Slide from Steve Plotkin, Argonne National Lab, based on ANL’s Multi-Path project



Future Directions
• Energy and GHG so immense we must do everything 

• Avoid trap of single solutions

• Alternative fuels need long leadtimes – start soon

• Hybrid costs are dropping and synergies are developing 

• Mass market acceptance likely within 15 years

• Improved gasoline engines and gasoline-electric 

hybrids will raise bar for other technologies

– Especially a problem for diesels & PHEVs

• Challenges: low fuel cost and discounting of fuel savings

• Customers will continue to demand performance, 

features, and utility, not fuel economy

• More difficult to implement advanced technology



Fleet Implications
 Must eventually move away from internal combustion

– 2050 climate goals

– Declining oil production and likely limited supplies of biofuels

 It takes a long time for mainstream consumers to feel ―secure‖ 

with new technology
– Hybrid sales only reached 2.5 % of the U.S. market after 10 years

– New technologies must be proven first with early adopters or in fleets

 Long lead times - must start early with niche markets
– Batteries and fuel cells require cost reduction

– Industry is extremely capitol intensive 

– Infrastructure development

 Fleets can be a good way to test and validate new technologies, 

especially with central refueling
– U.S. CAFE/GHG rule counts non-petroleum use as zero carbon



Thank You


