
Aluminum Vehicle Structure: Manufacturing and Lifecycle Cost Analysis 
Hybrid Drive and Diesel Fuel Vehicles

Research Report

Conducted by IBIS Associates, Inc 
for The Aluminum Association 

2008-05



IBIS Associates, Inc.
Slide 2

IBIS Associates, Inc.

Founded in 1987 by professors
and students of MIT’s MSL
Principle business practices:
• Automotive
• Electronics
• Building Products
• Specialty Chemicals
• Power Generation

Comprised of persons who hold bachelors and advanced 
degrees in various engineering disciplines
• Strong information collection, quantitative analyses capabilities

IBIS Associates, Inc. - Waltham, MA
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What does IBIS offer?
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IBIS - Automotive BIW History

BIW Material Systems Lifecycle Costs
• Multiclient study for OEMs, material suppliers, Tier 1’s

• Primary manufacturing, operation, disposal/recycle costs

• Comparative economics: steel, aluminum, composite

ULSAB vehicle-concept manufacturing costs
DOE, PNGV, FreedomCar
• Forward looking analysis of developmental technologies

• Selection of vehicle systems; power-wgt interrelationships

• Conventional, hybrid, electric, fuel cell powertrains

• Multiple vehicle classes
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Workplan

• Review and modification of existing baseline scenarios
• Characterization of Hybrid and Diesel scenarios for comparison

– ICE (gas & diesel) and electric motor specifications and costs 
– storage batteries, controllers, electrical system requirements 
– transmission, clutch, differential, tire, and brake system differences
– diesel engine, NOx control, particulate emission equipment

• Development of model structure
• System requirement relationships
• Data collection
• Cost model refinement
• Review scenario, process assumptions with AA technical team
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Scenario Definitions and Assumptions

– Structures remain essentially the same across powertrain types
> Structures consistent with previous body analysis (P2000)
> Update aluminum and steel material prices

– Incorporate component differences by engine type
> Hybrids: controller/inverter, elec. Motors, battery systems
> Diesels: Oxidizing catalysts, NOx reduction, PM traps

– Address “performance equivalence”
> Mass reduction impact on fuel economy based on known relationships
> Diesels & Hybrids relative to conventional gasoline from existing data
> Flex-fuel systems to be treated as additional cost, but equivalent performance

Conventional 
ICE Hybrid Diesel

Steel

Aluminum
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Baseline Steel and Aluminum Conventional ICEs
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Hybrid Vehicle Data Collection

• Characterized the 
components and cost for 
(9) production hybrids

• Four (4) systems 
compared to non-hybrid 
equivalents, in detail
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Hybrid Scenario

• Develop hybrid equivalent 
to Contour-baseline

• Characterize relative power 
sizing of system 
components for hybrids

• Camry used for component 
sizing basis

• Hybrid case built from the 
power rating of the previous 
baseline

– For reference, current 
Camry Hybrid:
to wheels : 143 kW
engine:       110 kW
elec motor: 105 kW
battery sys: 30 kW
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Diesel Scenario Definition

• Data collected on diesel engine and after treatment 
manufacturing costs
– Most detailed data from EPA study cost projections on 

differential manufacturing costs 
– High correlation between OEM experts’ opinions and results 

in trade studies (EPA, ORNL, MIT) on cost

• Mass differential more difficult to quantify
– Engine equivalency unclear
– Block material differences by displacement (Al, CGI, Nod.Iron)

• 30-40% fuel economy improvement often cited and 
supported by European real world data (33% used in 
analysis)
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Diesel Data – differential manufacturing costs

OBD = On Board
Diagnostics

PGM = Platinum Metal 
Group materials

Relative to  
conventional 3-

catalyst flow 
through 

system, approx 
$400 base cost

This data compiled based on current diesel performance (45 state compliance)
$100-$375 additional cost estimated for urea-injection (50 state compliance) (low value +$100 used in current analysis)
Approx $560 estimated additional cost for 2012 lean burn engines w/o urea (expected 2% increase in fuel economy)



IBIS Associates, Inc.
Slide 30

Diesel Scenario Modeling Differences

• Notable difference in Diesel cost are
– (+) engine cost  (diesel has more torque, but same hp and mass) 
– (+) emission control
– (-) fuel system cost
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E85 / Flex Fuel Vehicles

Unclear how to compare to fuel economy 
improvement technologies …
… because it makes fuel economy worse
• E85 has 72% energy content of gasoline

– 20-30% fewer miles per gallon
– But average  $0.30/gallon less cost of fuel

• No additional cost added to vehicle price
– Less than $150 in equipment modifications

> Fuel monitoring, injection & combustion controls
> Corrosion resistant elements (injector heads, piston rings)
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Scenario Comparison
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Scenario Comparison
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Cost per Incremental MPG Improvement
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Cost per Increment versus Total Potential Gains

MPG Improvement vs. Improvement Cost

Midsize Steel Hybrid

Midsize Steel Diesel
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Cost per Incremental City MPG Gains
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Cost per Incremental Highway MPG Gains
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Relative Cost for Fuel Economy Improvement (Avg MPG)
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Relative Cost for Fuel Economy Improvement
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Conclusions

• Lightweighting through Aluminum usage:
– Most effective approach to fuel economy improvement

> Simpler, less costly than alternative powertrains
> For moderate MPG improvement

– Synergistic with Diesel and Hybrid powertrains
> Reduced body mass yields reduced engine power demand

+ Lower cost powertrain
+ Compounded by secondary and tertiary mass/cost savings

> Results in substantially better MPG than steel BIW versions 
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Appendices

Additional Detail and Background Data
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Scope – Vehicle System Elements
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System Cost Results - detailed
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System Cost Results - differentials
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Impact of Mass Savings
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Value of Mass Savings

Assumes secondary mass savings 
as addressed in the analysis, but 
does include the associated 
secondary cost savings.

This cost includes both the cost 
premium of the Aluminum 
structure and the  secondary 
savings from reduced powertrain 
and chassis components. 
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HSS BIW Component Detail
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MPG Calculations
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MPG Data and Calculations

Mpg = constant x (kg)Wgt x (wid x hgt x Cd)Aero x (liters)Disp x (horsepower)HP
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Calculating Diesel and Hybrid MPG

• First, the the city and hwy 
MPG ratings, relative to avg 
MPG, were calculated from 
2007 EPA data for each of 
gas, diesel, and hybrids

• Then, assuming the claimed 
mpg benefits for diesels and 
hybrids are based on avg 
MPG, the relative city and 
hwy percentages above are 
used to calculate a MPG 
multiplier for the Diesel and 
Hybrid scenarios
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