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Are you anxious about...



...the increase in extreme weather events?
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Feeling the effects of climate change



Transportation contributions to greenhouse gas
emissions in 2020:

and

In the U.S. In California



Strategies to Reducing Transportation Emissions

Develop sustainable Design Shift from passenger
passenger vehicles walkable cities vehicles to public
transportation



Strategies to Reducing Transportation Emissions
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California has required that by 2035:



What are Zero Emission Vehicles?

Zero Tailpipe Emissions Tailpipe Emissions

VS

All Battery Electric Vehicle _ ‘ .
(BEV) Internal Combustion Engine Vehicle

(ICE)
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How much do zero-emission
vehicles truly emit?



Consider the entire vehicle life cycle.



Emissions over a Vehicle’s Lifetime
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Emissions over a Vehicle’s Lifetime
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Problem #1: Emissions calculations are
oversimplified and not comprehensive.
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Problem #2: Current models are not accessible.



Our Solution:

£
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Emissions Explorer

Calculates vehicle
lifetime emissions

-
——

Interactive Website

Storytelling to break down
complex emissions issues



Vehicle Emission Calculator Comparison

Emissions Calculators Vehigle Locatipn Use Phase Productioln ¥
Selection Selection End of Life
Our Emissions Explorer v/ v v/ v/
Evtool by Union Concerned Scientists v e e
Driveclean by CARB e v/ v/
Evolution by Argonne 4 4
Greenercars by ACEEE v 4 4
Beyond the Tailpipe by Oak Ridge e e
Electricity Sources and Emissions by AFDC 4


https://evtool.ucsusa.org/
https://driveclean.ca.gov/search-vehicles
https://evolution.es.anl.gov/vehicle-inputs.php
https://greenercars.org/greenest-meanest/greenest
https://www.fueleconomy.gov/feg/Find.do?action=bt2
https://afdc.energy.gov/vehicles/electric_emissions.html

Try our Emissions Explorer tool!
tinyurl.com/emissions-explorer




How does Emissions Explorer work?

Location Quantitative
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1. User Inputs

2. Emissions Estimate

3. Digestible Outputs
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Nuclear: 8.1%

Other: 0.2%



1. User Inputs

2. Emissions Estimate 3. Digestible Outputs
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1. User Inputs 2. Emissions Estimate 3. Digestible Outputs
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Emissions Estimate: Calculations

PRODUCTION
Vehicle We include:
. Weight
Q . Composition
o o Steel
Aluminum

30+ others



Emissions Estimate: Calculations

PRODUCTION
EV Battery We include:
. Weight
} . Capacity
. Chemistry

o Li-lon and NIMH



Emissions Estimate: Calculations

PRODUCTION END OF LIFE

Combustion Vehicle
Fuel Efficiency
Miles Driven



Emissions Estimate: Calculations

PRODUCTION END OF LIFE
Combustion Vehicle Electric Vehicle
Fuel Efficiency . Vehicle efficiency
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Charging location



Emissions Estimate: Calculations
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Emissions Estimate: Calculations

PRODUCTION
Vehicle EV Battery
We include: We include:
Recycling method . Recycling method

. Battery size



Validating our Emissions Estimate
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Validating our Emissions Estimate

PRODUCTION

*Compared to EPA estimate



Validating our Emissions Estimate

PRODUCTION

*Compared to EPA estimate

We assume:
« Fuel Emissions
« EV Emissions



Validating our Emissions Estimate
PRODUCTION
« Not many estimates and large uncertainty range

e Overall a small value
o Less than 5% of total vehicle emissions



1. User Inputs 2. Emissions Estimate 3. Digestible Outputs

127,095 kg CO2e



1. User Inputs 2. Emissions Estimate 3. Digestible Outputs

127,095 kg CO2e

But what does this mean?



Comparing Total GHG Emissions*

Upstream Emissions @ Tailpipe Emissions

Adding Up the Benefits and Costs of an EV.

@ Location @ Make (3) Model (@) Year

Add another » 500
Select Make
- 410
Click On a Heading to Compare Your Annual: § w0
A 2020 Tesla Model 3 Standard Range charged in 94040 gets 140MPG-CO2e. 8
Gasoline Fuel Costs Greenhouse % 300
) it 2
Usage (gas and electric) Gas Emissions 2016 Audi A3 e-tron MPG-COze x s 210
8 200
¢ 2
ar I 46 & wo
o
' . S
Toyota ::L;f(::{:vamb (GASOLINE + ELECTRICITY) O O S ionteseage s 3 10
Avalon 3377 kg/year
Hybl’ld This Car in Your ZIP This Car with the Average New
” P de A US Electricity Gasoline Vehicl
Share this result W' ‘f in werage use ectricity asoline Vehicle

Tesla Model
EeS 2020 Tesla Model 3 Standard MPG-COe &

3
Range
1507 o
Performance glyear car ﬁ 140 omi 210 ymi 410 omi

AWD

fr— e This Car's This Car's Average New
BATTERY ELECTRIC (ELECTRICITY ONLY) O O Total Emissions Total Emissions Gasoline
IN94040 in your zIP with the Vehicle's Total
Code (Tailpipe + Average US Emissions
Q Subaru share thioremit W F i Upstream) Electricity Mix
. Crosstrek 5011 kg/year re this resul in
AWD
ETRARALS About these calculations

Tailpipe emissions for this vehicle are 0 g/mile.

Car Webtool “EVOLUTION” by Argonne How Clean is Your Electric Vehicle by Union Beyond the Tailpipe Emissions Calculator by
National Laboratory of Concerned Scientists Oak Ridge National Laboratory



1. User Inputs 2. Emissions Estimate 3. Digestible Outputs

Lifetime Emissions Comparison to Vehicle Type Averages
kg CO2e

1. Context j21223:
2. Unitization -

0 -

*Note: Averages shown in bar chart are based on zip code, model year,
and planned number of miles for driving from user inputs.



1. User Inputs 2. Emissions Estimate 3. Digestible Outputs

1. Context Your vehicle lifetime emissions is
’ equal to emissions from

‘ W
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2. Unitization Round trip flights
from SF to NYC



Enter number of miles:

356

Minimum Number of Miles: 1, Maximum: 9999

1. Context

Estimated Emissions
Estimated Emissions: 145.18 kgCO2e

This is equivalent to emissions from an average American household using electricity for:

2. Unitization

1 WEEKS and 3 DAYS and 8 HOURS
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Measuring environmental impact...



Systems Thinking

Rather than focusing on isolated parts...
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Systems Thinking

...think in terms of relationships and interactions
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Global Processes

Global Emissions

Vehicle Emissions
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How may communities be affected
by transitions to electric vehicles?



2021 Public EV chargers vs. EV Ownership by County
1 Public EV Charging Stations per 10000 Residents
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Extreme Weather = No Power







Strategies to Reducing Passenger Vehicle Emissions

Drive an EV



Strategies to Reduce Passenger Vehicle Emissions

Drive an EV Drive Less Drive a Smaller Vehicle



Think Bigger:
Impact of electric vehicles on our
environment and society



Ongoing Impact

Reproducibility Increasing Data Availability

e Documentation on GitHub e Conversations with the EPA
o Open access data o Realizing the lack of
o Open source code public-facing EV data

o Plan to offer structured
EV data to public



Climate Change and Informatics

e Bridging the gap in communication of complex topics

e Translating scientific information into digestible concepts

e (Collaborating across disciplines



Thank you!

Questions?

We especially thank our advisor, Try our Emissions Explorer tool!
Professor Marti Hearst! tinyurl.com/emissions-explorer




Appendix



What is difference of Lifetime Emissions between
Vehicle Types?

Internal
Combustion
Vehicle (ICE)

All Battery
Electric
Vehicle (EV) PRODUCTION



Next Steps

Future Proofing

e Grid mix modeling over time
e Model-specific battery densities

Future Work

e Temperature and humidity effects
o Integrate with EPA MOVES Deep Learning model

e |Integrate EPA-certified battery weights
e Model-specific material compositions



END APPENDIX



