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HOUSEHOLD TRANSPORTATION ENERGY BURDEN
DEPENDS ON THE ANNUAL VEHICLE MILES, FUEL PRICE,

AND VEHICLE EFFICIENCY

Transportation energy is an important component of household budgets
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WE USE HIGH RESOLUTION DEMOGRAPHIC
CHARACTERISTICS OF EACH TRACT TO PROJECT
HOUSEHOLD ANNUAL TRAVEL

Resea rCh fra mewo rk % of household by # vehicles, # workers and

income group for a representative census tract

D (Tract ID: 17031770602)
e Project household annual vehicle travel Norer b roml Housenold oo (v
) Workers|Vehicles| 0-5 5-10 | 10-15 | 15-20 | 20-25 | 25-35 | 35-50 | 50-75 | 75-100 [100-150 150+
0 0 1.99% | 0.15% | 1.13% | 0.45% | 0.66% | 1.13% | 0.26% | 0.51% | 0.09% | 0.00% | 0.06%
0 1 1.04% | 0.08% | 0.25% | 0.02% | 0.45% | 2.09% | 0.84% | 0.88% | 0.40% | 0.26% | 0.07%
N\ 0 2 0.20% | 0.00% | 0.23% | 0.07% | 0.32% | 1.32% | 0.60% | 1.31% | 1.41% | 0.67% | 0.48%
0 3 0.00% | 0.02% | 0.00% | 0.00% | 0.04% | 0.12% | 0.03% | 0.01% | 0.01% | 0.02% | 0.01%
H H H T~ 0 4+ 0.00% | 0.00% | 0.00% | 0.00% | 0.01% | 0.01% | 0.00% | 1.14% | 0.00% | 0.00% | 0.00%
. EStI m ate Stoc k-We I g hte d Ve h I C | e effl C I e n Cy 1 0 0.17% | 0.20% | 0.43% | 0.45% | 0.11% | 0.07% | 0.01% | 0.11% | 0.00% | 0.05% | 0.00%
1 1 2.71% | 0.37% | 1.87% | 0.87% | 2.03% | 4.06% | 2.11% | 5.36% | 2.06% | 0.81% | 0.31%
_J 1 2 0.59% | 0.08% | 0.38% | 0.30% | 0.76% | 1.43% | 0.89% | 3.55% | 1.61% | 1.15% | 0.57%
1 3 0.07% | 0.00% | 0.00% | 0.00% | 0.44% | 0.29% | 0.36% | 0.40% | 0.16% | 0.11% | 0.05%
1 4+ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.12% | 0.03% | 1.18% | 0.96% | 0.55%
) 2 0 0.00% | 0.00% | 0.08% | 0.00% | 0.00% | 0.01% | 0.02% | 0.36% | 0.01% | 0.15% | 0.01%
I | f | . f | | . 2 1 0.00% | 0.01% | 0.05% | 0.03% | 0.13% | 0.90% | 0.48% | 1.11% | 1.50% | 1.16% | 0.57%
[ ) ( ) 2 2 0.17% | 0.00% | 0.03% | 0.03% | 0.12% | 0.28% | 0.47% | 3.01% | 2.67% | 4.14% | 3.21%
CO eCt u e p rl ce by u e type e ° g ° ga So I n e 2 3 0.00% | 0.00% | 0.00% | 0.02% | 0.03% | 0.44% | 0.19% | 0.88% | 0.86% | 1.27% | 1.06%
2 4+ 0.00% | 0.00% | 0.00% | 0.00% | 0.23% | 0.08% | 0.00% | 0.00% | 0.03% | 0.03% | 0.01%
J 3+ 0 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
3+ 1 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.11% | 0.00% | 0.86% | 0.33% | 0.36% | 0.14%
N\ 3+ 2 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.13% | 0.10% | 0.61% | 0.33% | 0.52% | 0.50%
3+ 3 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.11% | 1.21% | 1.21% | 1.64% | 1.35%
. . 3+ 4+ 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.02% | 0.02% | 0.70% | 1.53% | 1.40%
e Quantify the transportation energy burden
) * Each census tract has 220 groups
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HOUSEHOLD ANNUAL MILES VEHICLE TRAVEL (VMT)
DEPENDS ON THEIR SOCIOECONOMIC FACTORS

Applied Machine Learning techniques to predict household annual vehicle
miles traveled (VMT)

= Used National Household Travel Survey (NHTS) samples to develop models to project
hOUS?I‘.\0|d a.nnual VMT . . ) ] NHTS Mean Annual Household
= |dentified 5 important socioeconomic factors contributing Mileage By Region

30,000

to household VMT (in order of feature importance) e Lol T
— # of vehicles 25,000
— # of workers

20,000 :
. X

— household income
— housing units density (Urban/Suburb/Rural)
— Lifecycle factors (# of children or senior people)
= Developed 18 different VMT projection models
considering the heterogeneity among census regions FEE R R
and urban/rural areas £ >
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WIDE VARIATION IN AVERAGE HOUSEHOLD VMT
ACROSS THE U.S.

The national average annual household VMT is 18,515
gallon $ N VMT

Household Transportation Cost mile  gallon household = H ouse h 0] I d annua I V M T

Energy Burden

Income h$ e varies by hOUSing unit
year + househol
density and by region: 2,507
40000 to 40,985, by county

=z ® Suburban and rural
households have higher
*™Z2  annual VMT than the urban
e households

£ = Households in the Pacific
and Mountain regions tend
to have lower annual VMT

4 . National average
6 18,515 Argonne &

Results are available for each census tract




ANNUAL VMT INCREASES AS THE HOUSEHOLD AVERAGE
INCOME INCREASES: FROM 11,000 TO 30,000 MILES

Higher-income groups have the widest distributions of annual VMT

Household annual VMT by average tract income
(each dot represents a tract)
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ON-ROAD VEHICLE MPG VARIES FROM 15.6 TO 23.3 BY

COUNTY ACROSS THE U.S.

Adoption of newer vehicles or energy efficient vehicles increases the on-road

vehicle efficiency

Efficiency of On-road Vehicles
(Stock-weighted MPG by County, 2018 Registration)

Results are available for each census tract

Household Transportation _ Cost

Energy Burden

On-road Vehicle MPG vs. Average Vehicle Age

2018 MPG

Income

allon
g x
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(Washington D.C)
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LOCAL VARIABILITY IN FUEL PRICES UNDERSCORES THE
NEED FOR HIGH GEOGRAPHIC FIDELITY

Estimate typical household fuel costs at the tract level

gallon $ VMT
x
Household Transportation _ Cost mile  gallon household

= Gasoline prices vary over time
Energy Burden = — = s and by place

year * household

Gasoline Price Distribution Local (ZIP3) Gasoline Prices - MU'tIplIEd the On-road MPG

3 by the cost of fuel (in S/GGE)
for each fuel type to find the
cost per mile of operating
each vehicle

= February 2020 = April 2020
+ June 2020 = September 2020

LI .
|MA NY PA DC NC‘ FL TN OH MIWI IL MO LA TX ID NV‘CA | COSt (ml‘le) - MPGGE S/GGE

00001 30001 60001 90001
ZIP Code MPGGE: miles per gallon of gasoline-equivalent
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AVERAGE HOUSEHOLD TRANSPORTATION ENERGY

BURDEN RANGES FROM 1.4% TO 4.0% BY STATE
Household transportation energy burden depends on household VMT, MPG,

and fuel price .

Estimated % of income spent on vehicle fuel

Region
Pacific

South Central
Mountain
Northeast
South Atlantic
Midwest

S

e
gallon $ y mile
Household Transportation Cost mile  gallon household
Energy Burden = =
Income $
year « household
50,000 60,000 70,000 80,000 90,000

Median Household Income

Argonne &



HOWEVER, THE BURDEN BY CENSUS TRACT VARIES
BETWEEN 0.09% AND 23.3%

Rural households have higher transportation energy burden than suburban and
urban households for all regions (households with at least 1 vehicle)

% of household income spent on vehicle fuel by county/tract

¢ Mlinois: 0.6% to 12.7% by tract

7

SN w N

% of household income

w

o

o

Estimated % of income spent on vehicle fuel

_ - 0%
Results are available for each census tract
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THIS VARIATION IN TRANSPORTATION ENERGY BURDEN
CAN BE LARGELY EXPLAINED BY VEHICLE FUEL
EFFICIENCY

Besides income, energy burden highly correlates with vehicle

efficiency
gallon $i| L = Adoption of more fuel-
Household Transportation Cost mile  gallon household s s :
Energy Burden = = efficient vehicles,
Income $ . ” |
year - household especially among low-

income households, could

[

Factor g |9 *é : e have the biggest impact on

Correlations 2 |= 32| & > o4 improving household

S transportation energy

Burden +1.00 | +0.78 | -0.83 | +0.46 ! +0.04 burden

Fuel Consumption | +0.78 [ +1.00 | -0.63 | +0.41 i -0.15
Income -0.83 | -0.63 | +1.00 | -0.18 | +0.26
VMT +0.46 | +0.41 | -0.18 { +1.00 | -0.32 Blue: Positive Correlation
Fuel Price +0.04 | -0.15 | +0.26 | -0.32 1 +1.00 |, Orange: Negative Correlation Argﬂﬂﬂﬁ,ﬁ




3% IMPROVEMENT IN STOCK-WEIGHTED MPG SAVED

AMERICAN HOUSEHOLD $8.2 BILLION
On-road Vehicle MPG Difference: 2018 vs. 2016

;' ] L = Largely due to
: el | o improvement of ICE fuel
¢ £ ; economy for new

# vehicles and increasing
| PEV adoption

T _
\ i L% Other benefits such as

o GHG emission reductions
- H could also be quantified
\\

2016-2018 MPG
% change

Calculations keep gasoline price and household VMT unchanged to focus on

fuel economy improvements
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THIS STUDY DEVELOPS A FRAMEWORK TO IDENTIFY THE
REGIONAL AFFORDABILITY LEVEL AND QUANTIFY
OVERBURDENED FRACTION OF HOUSEHOLDS
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= A baseline to show % of
households spending above a
given affordability threshold on
household vehicle fuel

= Help to identify underserved
communities and rural
populations for future investment

= Help to identify the communities
that could benefit from energy
efficient technologies

Argonne &



COMMUNITIES WITH HIGH TRANSPORTATION ENERGY
BURDEN ALSO FACE HIGH ENVIRONMENTAL BURDEN

ldentify the communities that could benefit from energy efficient

technologies
Burden of Environmental Exposures &
% of HH income spent on vehicle fuel Population Vulnerability

i ) g
bt

Chicago
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e ey
: . . . . : :

. Estimated % of income spent on vehicle fuel
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atural Resources Defense Council (NRDC) Map, version 9/4/2018 Argon ne o

NATIONAL LABORATORY



THE FULL DATASET IS AVAILABLE TO VISUALIZE,

DOWNLOAD AND EXPLORE
https://openei.org/wiki/Transportation_Energy Affordability

Map of Household Affordability Household Aftordability
I 7
<111 11.11023.8 23.810 41.7 41.71063.4 63.41083.3 83.3+ 80.0

Households (percent)

1 2 4 6 8 9

Energy Burden Threshold (percent)
B Households with Higher Energy Burden

(+ 1 -]
Percent Energy Burden: 1 State
Q ! ! ! ! ! All States +
1 3 5 7 9 10
Households County

All Counties X Vv
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SUMMARY

Method

Equity

Applications

Future work

e Estimate household transportation energy burden,
based on annual VMT, on-road vehicle efficiency and

fuel price

e Variation in transportation energy burden can be
largely explained by vehicle fuel efficiency

e Currently, wealthier census tracts have better fuel
economy on average

¢ |dentify the communities that could benefit from
energy efficient technologies

¢ Include other vehicle ownership costs into the
framework

17
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THANK YOU!

ARGONNE AUTHORS

The efforts of all three authors of Argonne National Laboratory (under contract DE-AC02-06CH11357) are
supported by the Strategic Analysis (SA) Team, Energy Efficiency And Renewable Energy Office, U.S. Department
Of Energy. The authors would like to thank Ookie Ma and Kara Podkaminer of SA for the continued support of
this project and useful and constructive comments. The authors also thank Dylan Hettinger of National
Renewable Energy Laboratory for his support with IHS Markit data processing
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