Womenos Transportati on
(WTS)

AOrganization dedicated to creating a more diverse
transportation industry through the advancement of women.
UC Davis has a local student chapter that organizes many
different events.

Al f youdre interested in being a
https://forms.gle/mde41zVm24bBIhORS

AJoin the list-serv: http://eepurl.com/hb6GN9

Alnfo-session for Kimley-Horn Engineering and Planning
Thursday April 7 at 7pm, Ghausi 1007
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https://forms.gle/mde41zVm24bBihQR8
http://eepurl.com/hb6GN9

EV Showcase cancelled

APicnic day showcase cancelled but a separate event happening
In Southside Park in Sac on 4/24 (driveelectricearthday.org)

APossibly will organizeadi f f er ent showcase e\
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Efficiency versus Efficacy

AEnergy efficiency is strictly defined as a dimensionless number
(and <1)

A Units of numerator are the same as units of denominator

Work or Energy Outpu
Energy Input

AEfficiency is often used to refer to the ratio of output to input
even I f they donot have the sam
AFor example: miles per gallon, lumens per watt
AEfficacy is the correct term to use here

Efficiency=

Efficacy= Service Outpu
Energy Input




Gasoline fuel efficiency

AGasoline fuel efficiency describes the distance a car can drive
given some amount of fueld this allows us to directly compare
between different vehicles

Aln the United States we measure fuel efficiency in:
AMiles per gallon (MPG), this indicates the number of miles you can
drive on 1 gallon of gasoline
AMost other countries in the world measure fuel efficiency as:

AlLiters per 100 km (L/100km), this indicates the number of liters of
gasoline it takes to drive 100 kilometers




The MPG illusion

AMPG scales non-linearly wi
fuel consumption for a set
distanced this makes
calculating fuel savings ver
counter-intuitive!

parently, the topic is so
confusing that someone was
able to publish a short paper
about it in Science

ECONOMICS

The MPG Illusion

Richard P. Larrick® and Jack B. Soll

people consider fuel eff
ciency when purchasing a car,
hoping to reduce gas consumption
and carbon emissions. However, an accurate
understanding of fuel efficiency is eritical to
making an informed decision. We will show
that there is a systematic mispercep-
nin judging fuel eff
is expressed as miles per
(MPG), which is the measure used in
the U.S.A. People falsely believe that
the amount of gas consumed by an
automobile decreases as a linear func-
tion of a car’s MPG. The actual rela-
tionship is curvilinear. Consequently,
people underestimate the value of
removing the most fuel-ineflicient
vehicles. We argue that removing the
most inefTicient vehicles is where pol-
icy and popular opinion should be
focused and that representing fuel
efficiency in terms of amount of
consumed for
which is the common repre-
sentation outside of the United
States (e.g.. liters per 100 kilo-
meters)—would make the

,000 miles (gallons)

Gas used per 10,

2

iven distance miles driven as & function of fuel &

Change in vehicle

chased highly efficient cars that get 40
MPG, not 14, and incentives should be tied
to achieving such efficiency. An implicit
premise in the example, however, is that an
improvement from 12 to 14 MPG 1s negligi-
ble. However, the 2 MPG improvement is

Using “miles per gallon” as a measure of fuel
efficiency leads people to undervalue the benefits
of replacing the most inefficient automobiles.

rect, fashion about gas mileage. In study
1 (3), college students were asked to
“assume that a person drives 10,000 miles
per year and is contemplating changing
from a current vehicle to a new one.” They
were asked to rank-order five pairs of
old and new wvehicles in order of
“their benefit to the environment
(i.e., which new car would reduce
gas consumption the most com-
pared to the original car)” using 1 for
the most beneficial change and 5 for

Perceptions of improvement cor-
responded directly to the linear
change in MPG and not to the actual
reduction in gas consumption (see
table below). Sixty percent of par-

r —T —

T T
10 15 20 25 30 35 40 45 50

Miles per gallen

eived and actual bene

Perceived rank in Actual rank in

Actual reduction in

v ticipants ordered the pairs accord-
60 ing to linear improvement and 1%
according to actual improvement

Gas consumed driving 10,000 miles. Gallons of gas used per 10,000 A third strategy, proportional im-
ency of car (expressed in MPG). provement, was used by 10% of par-

ticipants (5).

Study 2 tested whether the
price that people would pay
for more efficient vehicles

benefits of greater fuel effi- P“":g‘;‘:g‘:“izl‘e‘l‘e 10 s savings (m g4s savings L ;;“g;’o“rﬁ':i‘rg L= would also show a linear rela-
cleney more transparent ( /—3). 4 tionship to MPG. College par-

To illustrate these issues, 34 MPG to 50 MPG 118 3 94.1 ticipants (n = 74) were told
consider the criticism that has they had several vehicles from

. . 2 :

been directed at  adding ) 2 8 Ll which to choose that were
hybrid U]I}__’i.lll.'h to sport utility 42 WPG 10 48 MPG 329 5 295 identical except for the effi-
vehicles (SUVs) In a New ciency of the engine (5).
York Times QOp-Ed column, 16 MPG 1o 20 WP EXE 2 1250 Participants were told to
an automotive expert (4) has 22 WEG 10 24 PG & o 79 assume “you drive 10,000

d that hybrid ca ¢ like
free desserts™—they “can
make people feel as if they're
doing something good, even
) nothing special at all
The writer questions the logic of granting
tax incentives to buyers of “a hypothetical
hybrid Dodge Durango that gets 14 miles
per gallon instead of 12 thanks te its second,
electric power source™ but not to a “buyer
of a conventional, gasoline-powered Honda
Civic that gets 40 mules per gallon.” The
basic argument is correct: The environment
would benefit most if all consumers pur-

Fuqua Schaol of Business, Duke University, Durham, NC
27708, USA

“uthar for correspandence: larrick@duke.edu

WWW.SCiEncemag.ol

Farticipants @id not see the actual rank in gas s

*Wehicle pairs are listed in order from largest linear change (34 to 501 to smallest linear change (22 1o 24).
35 04 the 2etual reduction 1n gas corsurption when they

d by a vehicle to drive 10,000 miles at
erent levels of MPG is shown in the
graph above. A car that gets 12 MPG con-
sumes 833 gallons to cover that distance
(10,000/12); a car that gets 14 MPG
714 gallons (10,000/14). The
roughly 120-gallon reduction in fuel used is
larger than the reduction achieved by
replacing a car that gets 28 MPG with a car
that gets 40 MPG over that distance.

We conducted three experiments to test
whether people reason in a linear, but incor-

consum

Published by AAAS

miles per year for work, and
this total amount cannot be
changed. The baseline model
ts 15 miles per gallon and

costs $20,000.7

P ants were then asked to state the
highest price they would be willing to pay
:les that varied only in the
MPG of their engines. Mean willingness to
pay (WTP) showed a clear linear relation-
ship with MPG improvement (see figure,
page 1594). The best-MNtting strategy for the
majority of participants was a linear strat-
egy (62%) followed by a proportional strat-
egy (18%); the actual savings was the
best-fitting strategy for only 15% of partic-
ipants. Participants e mean WTP values
that, compared with expected gas savings,

for five vel

SCIENCE VOL 320 20 JUNE 2008

Downloaded from www.sciencemag.org on August 1, 2008
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EPA
DOT

Electricity
Charge Time: 4 hours (240V)
kW-hrs per

#98MPGe

combined city/highway

.

Driving Range

Gasoline Only

"38::

Fuel Economy and Environment

Fuel Economy Midsize cars raroe from 10 to 99 MPGe. The best vehicle rates 99 MPGe.

MPG

gallons per
100 miles

combined city/highway

| All electric range

Gasoline only

0 10 20

Annual fuel COSt

$900

Actual results will vary for many reasons, including driving conditions and how you drive and maintain your
vehicle. The average new vehicle gets 22 MPG and costs $12,600 to fuel over 5 years. Cost estimates are based
on 15,000 miles per year at $3.70 per gallon and $0.12 per kW-hr. This is a dual fueled automobile. MPGe is
miles per gasoline gallon equivalent. Vehicle emissions are a significant cause of climate change and smog.

gov

fueleconomy.

30

Fuel Economy & Greenhouse Gas Rating (tipipe only)

410 °

Plug-In Hybrid Vehicle
Electricity-Gasoline

You SAVe

$8,100

in fuel costs
over 5 years
compared to the
average new vehicle.

Smog Rating (tailpipe only)

This vehicle emits 84 grams CO, pe

Calculate personalized estimates and compare vehicles

r mile.

The best emits 0 grams per mile (tailpipe only). Producing and
distributing fuel & electricity also create emissions; learn more at fueleconomy.gov.

Best

Best

o

Smartphone
QR Code~




Whatis MPGe ?

AMPGe stands for miles per gallon equivalent, devised as a way
to compare gasoline cars to el e
consume any gasé)

AConvert the electricity used by
the energy content of the fuel:

A1 gallon of gasoline = 33.7 kWh electricity
AConsider some examples of efficiency:
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Efficiency examples

Tesla Model 3
Ford Focus Electric Chevrolet Volt BEV Porscheraycan

BEV PHEV 54 KWh/220 mi BEV

23 kWh/76 mi 18.4 KWh/53 mi 82 KWh/353 mi 79.2 kWh/201 mi

Che‘F’)ﬁE\t/VOIt 2 Ford GMaxEnergi BMW i3 K'asg\t/‘l EV @v—? : S /i e Tron o
. PHEV BEV _ BEV Tesla Model Y

16 kWh/35 mi 7.6 kWh/20 mi 18.2 kwh/gL mi 3OS KWNO3mi — cheyrolet Bolt 95 kWh/222 mi BEV
m w - /) BEV 11 78 ) 7E T m 75 kWh/326 mi
; 60 kWh/2384f1 — P » ; - 2
-0 S =8
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Toyota Prius Prime Nissan Leaf Mustang Macke Lucid Air

Nissan Leaf Toyota Prius PHEV PHEV BEV a7, . BEV BEV

BEV PHEV . AOKWH/L51Mi gy e : 68 KWh/211 mi 113 KWh/520 mi
24 KWh/73 mi 4.4 KWh/14 mi 8.8 kwh/2s mi W 88 kWh/300 mi

Jaguar-Pace
BEV

Note: LB, 90 K\Wh/246 mi
A Many models upgrade batteries/range between generations (not reflectﬁg f’g,@
A Many models have additional configurations, not all are shown eyl
| |
BEV
39.2 kWh/179 mi 9

64 kKWh/283 mi



EVs are more efficient than
gasol i neékind PP

Combustion
Chambers

Generator

This is about 1 kWh per mile

/

~.03.04 gal per mile ~.35 kWh per mile Depends on what is

20%35% of energy in gasoline _ 60%75% of energy in battery is producing the
translated to work to move the i translated to work to move the vehicle electricity, NGCC plants
vehicle (higher with regen, 80%00%) are ~50%60% efficient

Gasoline
or
Diesel
Tank

o
N

65%80% of energy in gasoline 25%40% of energy from battery Iest to
lost to heat in combustion and friction (less with regen, 0%20%)
friction
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MPGe vs mi/kWh

AMPGedoesno6t really make sense!
electricityo so how do we measure EV efficiency?

ASi mi l ar to the concept of fiamou
di stanceoéwhat i1 s the Aamount o

di stanceo0o?

AMiles per kWh is the same as MPG, though | would much prefer
KkWh per mile (think MPG i1l lusio
the numerator while we have the chance!!)
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EV efficiencies
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Vehicle Model
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