PLUGGING IN AND
CHARGING UP

Increasing Plug-in Electric Vehicle Adoption by Residents of §

Multifamily Buildings in Los Angeles County

Ben Chou
Adviser: David Goldberg
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Credit: Henning Witzel
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PRESENTATION OVERVIEW

" |ntroduction
= Existing Research

" Project Objectives

= Methodology
= Expected Results
- Ti m e I i n e Credit: Taun Stewart

= Feedback and Questions



https://unsplash.com/photos/AptKyEIayGc

WHAT IS AN ELECTRIC VEHICLE?

= Uses an electric motor for propulsion

.. > PEVs
Zero emission
vehicles (ZEVs)
Battery-
electric
Fuel-cell electric vehicles (BEVs)
— vehicles (FCEVs) (e.g., Tesla)
(e.g., Toyota Mirai)
Plug_ln electric Credit: flickr under CC BY-NC 2.0 Plug'|n hYbI"Id
— vehicles (PEVs) electric vehicles
(PHEVSs)
(e.g., Chevy Volt)



https://www.flickr.com/photos/8058098@N07/14652857267/in/photolist-ojPHY8-LEikNk-nhxKa3-7hyh2A-5cTr9B-62gGLu-f7WzYJ-uEkGZy-rR263e-uWrDRq-uEkQ6Y-32JidA-f7Wvgw-f7GiLr-g5vwpv-e1c3TF-jwFEie-3avJSA-8J2tQH-2faCFMW-xiERH9-5t88ou-f7WvB3-jM4F9-6kAGXC-anscGu-nKPTLY-dWws9B-6tX3G7-4KDdnA-4LnRsy-4tcX85-9jZBkm-99AvfS-jM4Fa-ojPHTP-6Mvord-nhxK5o-FH9ZhA-dX78BR-71gGaj-6MiuxG-6Mei5R-BrFRCm-dzMB7S-jfc4Fm-6sFZAe-2LcUyZ-ojPHTZ-8RXFjE
https://creativecommons.org/licenses/by-nc/2.0/
https://www.flickr.com/photos/55391407@N03/44013740810/in/photolist-2a4kVJb-UTQv9t-2brcx5e-22DtNZy-E3MKGu-28jmUrA-P9PmBG-DD1rL1-2ecjQJW-K6GR8Q-EBQpcG-UQhwNJ-ETtfxf-29UaoDV-F2Ds4N-EBQpG9-EVLDSp-pTYPUT-DCZWzq-SjDnJ7-295yDcJ-295yDdL-pTQNEN-rbALAp-UQhCqW-UQhCob-UGguTX-UGguxX-KQKvBs-Hjscpm-q97DtG-D7jjNC-2eR7Kvq-qboSkP-KVBh1M-pTPRNm-pc58d3-r9JkA8-2eR7KKU-q6M28L-BeigzC-QxTWGY-yJ72wb-CQujNj-UQtk33-23PYddA-xTGBgQ-V2q9ms-2eR7KBN-UQhyM3/
https://creativecommons.org/licenses/by-nc/2.0/
https://www.flickr.com/photos/vwcampin/41621176455/in/photolist-YDLUES-XXNrNL-2b34HRy-Q5p2Yx-YYitvQ-25GouuN-RZVNfm-JrqdrM-2b3zFdc-2bkiYu5-NF4a26-21uCb25-QKKSXS-2amVe2v-LB3ULH-XbCCEw-26pVpGB-XbCAW1-23c3k5C-RopKhq-2b3zFYF-NF49MD-QPAnM6-RtUok3-2crmgbR-T7VJiL-S4xtK4-2e8d2U1-S1xLYS-RTgjHe-UkG5jo-VLDdtL-QM66Sm-RZVyP3-2bkiXYW-RQCfKw-RPYKMW-QMGSd5-RSBXLt-23LBfp1
https://creativecommons.org/licenses/by/2.0/

CHARGING STATION TYPES

Level 1 Level 2 DC Fast
(1.4-1.9 kW) (3.4-19.2 kW) (50+ kw)
Residential Residential or Commercial Commercial

$1,500-$19,200 $14,000-$50,000+

$0-$3,000

ChargePaint

A

Credit: Brian Patrick Tagalog
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https://creativecommons.org/licenses/by-nc/2.0/
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CHARGING TIME COMPARISON

Chevy Volt
(PHEV)

53-mile range IS8

Level 2 (7.2 kW)

Level 2 (3.6 kW)

Level 1

B Hours (Empty to Full)

Chevy Bolt
(BEV)

238-mile range

Credit: Gregory Varnum under CC BY-SA 2.0

DC Fast

Level 2 (7.2 kW)

Level 1

20 30 40

B Hours (Empty to Full)
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https://creativecommons.org/licenses/by-sa/2.0/
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https://creativecommons.org/licenses/by-sa/2.0/

ZEV BENEFITS

= Reduce greenhouse gas (GHG) emissions
= I[mprove local air quality
= Reduce noise pollution

= Better performance

High driver satisfaction




CALIFORNIA’S GOALS

3 April 2019 - —~- ».:". + : - b p.
= 570,000 ZEVs B R S -
= 19,800 public chargers

= 2025
= 1.5 million ZEVs
= 250,000 public chargers

2030
= 5 million ZEVs

- —

Credit: Kentkanouse under CCBY-NC2.0
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https://creativecommons.org/licenses/by-nc/2.0/

FUTURE GROWTH

= Dozens of new models in the pipeline

= Continued challenges
= Higher purchase price

= Relatively limited driving range

= Policy solutions

®» Financial incentives

= Clean Vehicle Rebate Project (CVRP)

= Expand charging infrastructure

Annual ZEV Sales in California

157,659

98,540
74,879
58,595 61,664
38,474
19,161
6,737
L N B OB OB

2011 2012 2013 2014 2015 2016 2017 2018

Data compiled from Alliance of Automobile Manufacturers and Auto Outlook, Inc.
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MORE PEV CHARGERS
COMING ONLINE

= New construction
= CALGreen building standards
code
= Public investments
= California Energy Commission
(595 million)
" Private investments

® |nvestor-owned electric utilities
(S600+ million)

= Legal settlements
= NRG Energy ($100+ million)
= \olkswagen ($800 million)
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https://www.flickr.com/photos/30998987@N03/16646780863/in/photolist-rn26Za-s2nujZ-s2fLfm-rmPAb5-sgBwuq-siS2Ha-s2Mhmx-siUKqP-s2Mjja-s2DbtA-rZSJVp-s2Bpnq-rmUtCf-sjdjYB-s2L5pP-sjdmfK-EzymUn-Ezyiqt-FLmz39-s2kBfN-s2MeKk-s2EpfY-s2FgKf-s2Bnaj-s2DhKW-2c8Pg5T-2b2Q19A-Ltatha-27tgem5-RbdhSr-2aeepDV-LtfTc4-2aeenGP-2ae8KPg-XbCCEw-XbCC7h-XHzSCh-XbCAW1-Re9a8Z-QZUnq7-PWJNWf-PZtExx-PZtAbM-Re8uU4-PWCnkX-PTRwQ1-QS88SC-QYE28S-QNU5KQ-QsSm9Y
https://creativecommons.org/licenses/by-sa/2.0/

LOS ANGELES COUNTY

= Disproportionately low PEV
adoption

= 10% of Clean Vehicle Rebate
Project (CVRP) survey

= 10 million people

25% of state’s population
20% of state ZEV market
+ 240,000 ZEVs by 2025

. respondents
= +>23,000 public chargers by kot h .
2025 " Lack of home charging
= Condominium/Apartment e " No dedicated .parkmg
Buildings el ARl = Complex parking layouts
= More than 40% of county = A Iy * Challenges with
households HOAs/landlords

= Multifamily parcels exceed
75% in some high-income
areas



https://www.flickr.com/photos/cityprojectca/5670755912/in/photolist-9D77aE-88Whyj-22Zi2YT-eUJxoE-5byjSr-f2vp9J-9xCNJm-hLoWED-7udkV4-fC2cL-yTCT5X-9EkDGg-28tD1mu-7ViiHE-7LiuDA-7SLSUY-e2xJTn-e7c7sm-wtXpv-ZMcATy-jdGGA6-2aRuCPk-e17MGL-xWJLaR-pj9ovh-8rXf2N-iQU5Fu-ed9Vxa-2dd6nMQ-f4qtKq-eeB5xr-edfzmu-7isP9c-7isPgk-cHtff-iapehE-5ZLpcM-2dGiNYg-64xuKU-8zGVgC-KsjvX-57NRdf-57P1DL-abxLQ8-abABSj-abxMae-Ksjwt-nyTDrw-GziTR-abWDcB
https://creativecommons.org/licenses/by-nc/2.0/

EXISTING RESEARCH — UCLA LUSKIN CENTER

~ " Turek and DeShazo (2016) & DeShazo et al. (2017)

Identified multifamily buildings suitable for PEV charger
installation in areas of Los Angeles County

Developed model using PEV registration, household income, and
home value data

Score assigned to parcel based on census tract and unit value

Score represents likelihood that household in a multifamily
building would drive a PEV if charging was not an issue

Model assumes households living in higher-value property units
have higher incomes and are more likely to drive a PEV

Assessed property values do not necessarily reflect market
values due to Proposition 13

Private PEV chargers benefit fewer drivers than publicly-
available chargers



https://www.flickr.com/photos/30998987@N03/29187090957/in/photolist-siupQ1-27tg8mj-rmEomG-sgnxsW-rmQP1R-rmRUNv-2c4ebfW-2aJVCJ2-2c8HJJx-2c8HE6p-PVCSUs-2c4EhWv-2aXKa31-2aEvj6n-28ZhwsE-2bFd9Jd-2bFd9uW-2bFd9pq-N6HxU9-2a9TJ95-2aebSNv-2aebRhV-2ae8KPg-Ltatha-27tgem5-2adUnDF-298yoiN-Lt7sX8-2a9LM4C-298nqs9-2a9zQx3-ZpMk4P-ZpMjC8-ZpMikD-QPyFfV-QWBY3j-QLPdgU-QLPbho-QZVUsZ-QPuqt8-PqJuTc-PcunAj-NREyU9-PmVhJL-PmVhgm-s26nZY
https://creativecommons.org/licenses/by-sa/2.0/

PROJECT OBJECTIVES

|dentify census tracts in Los Angeles
County where installation of publicly-
available chargers could increase PEV
adoption by residents of multifamily
buildings

Identify suitable parking facilities for
charging station installation in or near
these census tracts



https://www.flickr.com/photos/marktee/7858237436/in/photolist-fnVtvC-cYpv4E-9h22vh-s1Hy7H-cuAdoL-f2Tzny-f2Dnen-f2DkFn-f2DipR-cYpwdm-FcuvHM-G1QzTM-ebwWfG-dzp4hc
https://creativecommons.org/licenses/by/2.0/

PART 1

PART 2

METHODOLOGY

Calculate PEVDI
scores

Classify scores
into low,
medium, high

Select parking
facilities meeting
type/use criteria

Select census
tracts with high
PEVDI scores

Apply suitability
criteria

|dentify facilities
in/near high PEVDI
census tracts
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Esri, HERE, Garmin, (c) @penStreetMap contributors, and the GIS user communit:

PART 1 - METHODOLOGY

= Calculate PEV Demand Index (PEVDI) score for
census tracts in Los Angeles County
= Based on housing unit type, socioeconomic

characteristics, current adoption rate of PEVs and
presence of PEV chargers

= |ndicates potential for PEV adoption by residents of
multifamily buildings

= 12 variables will be normalized using either
max/min value, averaged, multiplied by 100

= PEVDI scores range from 0 to 100




PEV DEMAND INDEX (PEVDI) SCORE

e T vt |otorde | o soue

Building Type

Building Size

Building Age

Housing Tenure

Income

Age

Education Level

Total number of multifamily housing
units

Proportion of multifamily housing
units on parcels > 5 units

Weighted average of multifamily
housing unit age

Proportion of renter-occupied
housing units

Proportion of households with MHI
>$100,000

Proportion of population between
ages of 40 and 59

Proportion of population with at
least bachelor's degree

Multifamily housing units less likely
to have PEV chargers installed

Higher housing unit parcel density
more optimal

Older housing units less likely to
have PEV chargers installed

Renters less likely to have access to
PEV chargers

CVRP survey data indicates 75% of
participants w/ MHI > $100,000

CVRP survey data indicates more
than 50% of participants are 40-59
years old

CVRP survey data indicates more
than 80% of participants have
bachelor's degree or higher

LA County Assessor, 2018 Parcels

LA County Assessor, 2018 Parcels

LA County Assessor, 2018 Parcels

U.S. Census Bureau, 2013-2017
American Community Survey

U.S. Census Bureau, 2013-2017

American Community Survey

U.S. Census Bureau, 2013-2017
American Community Survey

U.S. Census Bureau, 2013-2017
American Community Survey




PEV DEMAND INDEX (PEVDI) SCORE

e T vt |otonde | o soe

. Proportion of workers traveling by Commuters using vehicles more U.S. Census Bureau, 2013-2017
Transportation Mode . . . .
car, truck, or van likely to consider PEV American Community Survey
. N Proportion of households with 2 or Households with more than one U.S. Census Bureau, 2013-2017
Vehicle Availability . . . . . . .
more vehicles available vehicle more likely to consider PEV American Community Survey

Households with shorter commute
Commuting Time Mean travel time to work times more conducive for current
driving range of PEVs

U.S. Census Bureau, 2013-2017
American Community Survey

. . More familiarity with PEVs due to California Department of Motor
. Proportion of registered PEVs to all .
PEV Adoption recistered vehicles greater awareness/exposure Vehicles, Fuel Types by ZIP Code
g increases likelihood of PEV adoption (October 2018)
Ratio of number of publicly- Fewer existing PEV chargers .
. . . T . Al Fuels D > U.S.
PEV Charging Infrastructure available PEV charging outlets to indicates greater opportunity to ternative Fuels Data Center, U.5

Department of Energy

current number of registered PEVs install charging infrastructure




PART 1 - SOFTWARE APPLICATIONS

= Geopandas Python data library

= LA County Assessor parcel data (2 million+
parcels)

= ArcGIS Pro
= Data Preparation

= U.S. Census Bureau — minimal

= CA DMV - reaggregate data from zip code
level to census tract level

= AFDC, U.S. Department of Energy — spatial
join of point data to census tract polygons

= Calculate PEVDI scores

= Classify scores using natural breaks method

= High, medium, low
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PART 2 - METHODOLOGY

= ArcGIS Pro — Select facilities from LA County parking dataset meeting use type/description criteria

Charging . L. LA County Location Management
Use Type Use Description
Station Type System (LMS) Category

Commercial, Department Stores, Parking Lots
Commercial (Commercial Use Properties), Restaurants, Cocktail
Lounges, Shopping Centers (Regional)

Adult Education, Airports, Colleges and
Universities, Courthouses, Libraries,
Historical Parks, Metro Stations, Metrolink
Stations, Museums and Aquariums, Park
and Ride Locations, Parks and Gardens,
Pools, Recreation Centers

Government Government Parcel

Institutional Churches

Athletic & Amusement Facilities, Bowling Alleys,

Camps, Clubs, Lodge Halls, Fraternal Organizations,

Golf Courses, Race Tracks, Recreational, Skating

Rinks, Theaters, Water Recreation

Banks Savings & Loan, Service Stations, Shopping

Commercial Centers (Neighborhood, community), Store
Combination, Stores, Supermarkets

Recreational

City Halls, County Offices, Government
Offices, Post Offices

Government Government Parcel




Credit: Omer Rana
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PART 2 - METHODOLOGY

= Apply suitability criteria to parking facilities

| Criterion | Description | Rationale___________| Source Dataset

Existing PEV
Chargers

Convenience

Flood Risk

Eliminates parking facilities if

PEV chargers are currently
installed

Facility is suitable only if
within 1 mile of primary or
secondary roads

Eliminates parking facilities
located in FEMA-designated
Special Flood Hazard Areas
(SFHAs) (i.e., A and V zones)

Assumes that existing PEV
chargers are enough to
meet current demand

Assumes that a facility will
be more useful for PEV
drivers if easily accessible
by major roads

Facilities in these high-risk
areas are more susceptible
to flooding and should be
avoided

Alternative Fuels Data
Center, U.S. Department
of Energy

Los Angeles County,
Countywide Address
Management System
(CAMS)

Federal Emergency
Management Agency
(FEMA), National Flood
Hazard Layer



https://unsplash.com/photos/rZ7aO1lorLU

Credit: Mike under CC BY-SA 2.0

PART 2 - METHODOLOGY

Create buffers of 0.5, 2.5, and 5 miles around
census tracts with high PEVDI scores

" |ntersect buffers with parking facilities meeting
suitability criteria

EXPECTED RESULTS

= Los Angeles County census tracts categorized into
low, medium, high potential for increasing PEV
adoption by multifamily residents

= Lists of candidate facilities in/near census tracts for
Level 2 and DC Fast charger installation



https://www.flickr.com/photos/squeakymarmot/14252899964/in/photolist-nHtQAy-e5CXvJ-26CVRgF-bWwLDR-4U9Lx2-bMYdZ8-cCjcAh-2bE6fyb-24idT8x-XQmgwh-dnE56-981S9v-bk19fB-aEEwbc-5nDdJ-8fmqYZ-cUZiLN-947d1Y-dCoRvC-GRTq5B-bfcHdr-22Utm8s-24DgNb7-J2esXM-2b82hgv-2mpRbt-5V9QPh-2muayb-WfcVG3-Y4k9qN-22Ry7up-22YwBXe-2anVL61-HxVGEA-23k26Yc-26dk8jk-YrLRUY-7Sjbmc-pvVrCy-bqdKup-2e1pLeT
https://creativecommons.org/licenses/by-sa/2.0/

TIMELINE

May —June 2019
® Finalize proposal

= Finish Part 1 — Prep data for PEVDI variables,
calculate PEVDI scores, classify census tracts
by score

July — August 2019

= Finish Part 2 — Filter parking facilities,
intersect with buffers

= Begin writing final paper
= September 2019

= Finish paper

= Develop presentation

October or November 2019
= Capstone Project presentation
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QUESTIONS?

THANK YOU!




