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Public goods and negative externalities

Economic Externalities:

When consumers and producers do not
explicitly consider all costs and benefits
associated with their choices, as observed
by society.

Negative Externality:

Occurs when a decision maker does not
bear the full cost of a decision and over-
produces or over-consumes.
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Public goods and negative externalities

Price|  Supply with
all costs
internalized ,”
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Quantity
Negative Externality

Public objectives of society conflict with private
objectives of firms due to externalities
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How can design decisions impact...
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A Pareto set approach is used to quantify
competition between objectives
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Frischknecht, B. and Papalambros, P., 2008, A Pareto Approach to Aligning Public and Private Objectives in Vehicle Design,
Proceedings of the ASME 2008 IDETC/CIE 2008, August 3-6, 2008, Brooklyn, NY DETC-49143
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Where we're going

Discuss the overall framework that was developed to
integrate methods from these disciplines

Present 2 case studies: look at tradeoffs between profit and
fuel economy and safety and fuel economy

Present a study that examined the perceptions about safety
and environmental friendliness
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Profit vs. fuel economy vehicle design

case study

Demand Model

Uij = 0'zj + B'Xij + p;wij + €ij

Europe muwan - child
Japan  SUV - child
Chrysler pickup - rural
GM

Korea

Price/inc
hp/wt

gal /mile
LxW

25eat or mini
minivan
SUV

van

pickup

hybrid
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Decision variables Constraints for
1 g—— midsize crossover

Top Speed

MSRP :
> Towing grade

Passing acceleration

) R Cargo volume

Width, Height, Rollover score
Wheelbase, I_Iength

Crush space

Curb clearance

Bore/Stroke Final drive ratio
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Market simulations
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Decision Variables

price, product design,...

Product Perceptual
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Simulation-Based Case Study

A look at the role of safety and fuel economy in vehicle
performance
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Driver Risk & Fuel Consumption
vs. Weight

X = fuel consumption
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Insurance Institute for Highway Safety, Improve Fuel Economy without Negative Safety Consequences, 11HS Status Report, 37(4) 2002.



Objectives

* To develop a simulation-based approach for
evaluating and optimizing vehicle designs

* To consider occupant safety and fuel
economy outcomes concurrently

* To simultaneously optimize over structure
and restraint system design decisions
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Mass
Variables

Stiffness
Variables

Restraint
System
Variables

Model Calculation Flow

Fuel

Economy
(mpg)

Probability
of Severe*

Injury

*Severe indicates 3 or higher on the Abbreviated Injury Scale (AIS)
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Results of Three-Variable Study

Using results of a three-variable DoE, a bi-
linear response surface was used for a
multi-objective optimization study

Direction of Improvement
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Future Model Development

Add structure and E
restraint system [ { ] l
variables

Adapt model to other Variables E
vehicle classes

Sustainability
Model

Diversify crash scenarios |ssewes| (—)
and weight them by ] (O

Optimization
Software

1T 1

Cost Model

frequency of occurrence [ "* ﬂ

Add performance and
cost models to better
assess feasibility

Results
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price, product design,...

\

Product Perceptual
Attributes Attributes
Cost Demand
max Profit
subject to

Engineering, Perception,
Regulatory Constraints

N
Y
v

Profit-optimal
price and
design

Regulation Policy
Model

Competitors

Optimal Design Lab | U. Michigan



Quantifying Perceptions

A look at perceived environmental friendliness (PEF) and
perceived safety of vehicles
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Main Research Questions

1. What physical attributes relate to one’s
perception of vehicle greenness?

2. What visual/aesthetic characteristics are related
to perception of greenness?

3. What are the tradeoffs that exist between the
factors that influence perception of greenness
and other critical engineering parameters?
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Methodology

Visual
Stimuli

—>

Survey Instrument/ 5
Data Collection

Data
Analysis

Data Driven Design

.ﬁ .
Generation

Psychology: ldentify visual

—characteristics,

I Validation l

Parameterization of Designs

—>

Optimization

| Engineering: Examine
I engineering tradeoffs

Reid, T., Gonzalez, R and Papalambros, P., 2009, A Methodology for Quantifying the Perceived Environmental Friendliness of
Vehicle Silhouettes in Engineering Design, Accepted to ASME 2009 IDETC/CIE , August 30 — September 2, 2009 DETC-87095
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Stimuli Creation

Taguchi Method to provide a DOE with minimal options to survey respondents

16 experiments = 16 possible vehicle shapes
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Personal Preference (%Votes)

Results: Perceived EF vs. Preference

A Plot of Perceived Environmental
Friendliness (PEF) vs Personal Preference (n=195)
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Low IBN <-=-—=========—=—=———=> High IBN

Results: Perceived EF vs. IBN

A Plot of Perceived Environmental
Friendliness(PEF) vs Inspired by Nature
(Yes in Sorting Task) (n=195)
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Factors: Perceived EF vs. IBN

Point 2 — interactions between x and y coordinates
Point 4 — main effect on x coordinate; interactions between x and y coordinate
Point 5 — main effects on x and y coordinate only
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v18

Examples of new designs
based on user data

IBN1 IBN7a
PEF4a PEF4b

v19

v20
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Low Preference <---------------------> High Preference

40 60 80 100

20

Results of validation study

A Plot of PEF vs Preference (n=46)
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A Plot of PEF vs Shapes Inspired
by Nature (rating) (n=46)

20 9
14
%8 o®
o
2
1 (@]
5 10, 17
o) [e]
1 (@]
4 6O
8 o 133
(@] 3 o
116 °
d20
o
5
o7
o
I I I I
2 3 4 5
Low PEF < >High PEF




Additional Study: A Look at Safety

A Plot of Perceived Environmental
Friendliness vs Safety (n=101)
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Perception Study Conclusions

 The data indicate that silhouettes that have
smoother curves/more continuous lines and

nave a less boxy backend correlate with

perceived environmental friendliness

* Perceptions about safety and environmental
friendliness are inversely related
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Summary

A scenario based framework was presented that can
integrate both objective and subjective considerations in the
design process

A method for analyzing tradeoffs between fuel consumption
and profit from the perspective of the firm was presented

A model for simulation based analysis of tradeoffs between
safety and fuel economy was discussed

A method for quantifying perception environmental
friendliness and safety was presented
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