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ABSTRACT
The transportation sector is a major source of greenhouse gas emissions in California. To
address this issue, Governor Edmund G. Brown Jr. signed an executive order calling for 1.5
million zero-emission vehicles (ZEV) on California’s roads by 2025. To achieve this ambitious
goal, significant barriers must be overcome to expand and accelerate plug-in electric vehicle
(PEV) adoption, including the need to build the necessary refueling infrastructure. Currently,
residents of multi-unit dwellings (MUDs) such as apartments and condominiums are unlikely to
have access to home charging (electric vehicle supply equipment or EVSE).
The purpose of this report is to explore barriers to PEV adoption for residents of MUDs within
the Westside Cities subregion of Los Angeles County and then identify MUDs within the study
region that may exhibit high latent PEV demand and subsequent demand for low-cost EVSE
installation. These MUDs should be a priority for targeted outreach for programs that assist with
EVSE installation, since they are most likely to host PEV drivers in the near future. We find that
the MUDs with greatest demand for PEVs and charging infrastructure within the study region
are located in West Los Angeles, followed in descending order by Beverly Hills, Santa Monica,
West Hollywood, Culver City, and unincorporated portions of Los Angeles County.
This report also reviews the costs associated with EVSE installation at MUD sites, which are
highly variable across properties. To keep charging installation costs as low as possible,
property owners should consider Level 1 charging opportunities and group investments for
EVSE installations. The report closes with a discussion of policy tools for scaling up charging
infrastructure at MUD sites across the Westside cities subregion, concluding that targeted
outreach to promote the PEV, PEV rebates, and PEV-ready new construction codes are likely
required to ease the MUD-related barriers to PEV adoption.

Keywords: Plug-in electric vehicle, PEV, multi-unit dwelling, MUD, PEV charging, EVSE,
Westside Cities, California Energy Commission, demand, installation costs
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CHAPTER 1: Introduction
The transportation sector represents the largest source of California’s greenhouse gas (GHG)
emissions, comprising 39% of all GHG emissions in 2015.1 To reduce emissions from the
transportation sector, the state is making a concerted effort to promote the adoption of
advanced clean vehicles. The transition to more fuel-efficient and zero-emission vehicles
(ZEVs) is critical to achieving the state’s ambitious climate goals and air quality requirements. In
2012, Governor Edmund G. Brown Jr. signed an executive order setting a target of 1.5 million
ZEVs on California’s roads by 2025.2
To achieve the goals laid out by the Governor’s executive order, a number of adoption barriers
must be overcome. A key challenge addressed in the Governor’s 2016 ZEV Action Plan is the
need to build the necessary refueling infrastructure in apartment buildings and condominiums,
also known as multi-family housing, or as the California Energy Commission (CEC) refers to
them, multi-unit dwellings (MUDs).3 ZEVs, and specifically plug-in electric vehicles (PEVs),
require an entirely new set of refueling behavior and equipment. In place of a 15-minute detour
to a gas station, most PEV owners refuel overnight when they are at home. While this is
generally a straightforward proposition for single-family homeowners, MUD residents face a
number of obstacles to installing electric vehicle service equipment (EVSE). Foremost is the
variable and often high cost of EVSE installation at a MUD site. Additionally, the renter or owner
exhibits a low to nonexistent investment motivation: renters are unlikely to invest in a piece of
immobile equipment that they may move away from in the future, and owners do not yet see
home PEV charging as an amenity by which to increase property value and attract tenants.
Overcoming these financial and motivational challenges is critical to charting the path toward a
low-carbon future.

1.1. Purpose of the Report
The goal of this report is to explore MUD-related barriers to greater PEV adoption within the
Westside Cities subregion, as well as to prioritize policy tools and targeted outreach for MUD
sites that exhibit relatively high latent PEV demand and a low cost of EVSE installation. This
report represents the final report for Task 2 of Agreement Number Agreement M-004-16 with
the South California Association of Governments (SCAG).
The formal boundary of the Westside Cities subregion encompasses the cities of Beverly Hills,
Culver City, Santa Monica, West Hollywood, and parts of unincorporated Los Angeles County.
For the purposes of this study, the western portions of the City of Los Angeles are also included
in the boundary of analysis, and are referred to as West Los Angeles. All aggregated numbers
that are reported for the Westside Cities subregion throughout this study reflect results from the
jurisdictions within the formal boundary of the Westside Cities subregion, and results from West
Los Angeles. See Figure 1.1 for an overlay of the formal Westside Cities boundary and the
boundary of analysis adopted for this study.
1

California Air Resources Board. 2017. “California Greenhouse Gas Emission Inventory - 2017 Edition“
Accessed August 2017 from https://www.arb.ca.gov/cc/inventory/data/data.htm
2

California Office of the Governor. 2012. “Governor Brown Announces $120 Million Settlement to Fund
Electric Car Charging Stations Across California” Accessed August 2017 from
https://www.gov.ca.gov/news.php?id=17463
3

Governor’s Interagency Working Group on Zero-Emission Vehicles. 2016. ZEV Action Plan. Accessed
August 2017 from https://www.gov.ca.gov/docs/2016_ZEV_Action_Plan.pdf
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Chapter 3 identifies MUDs in the Westside Cities subregion that may exhibit high latent PEV
demand. Our PEV demand analysis provides parcel level information: We calculated a
propensity-to-purchase score using the historical adoption rate of PEVs in each census tract, as
well as the PEV adoption rate of individuals living in households of a certain value. Those MUD
parcels that result in a higher propensity-to-purchase score should be targets for outreach
efforts or other policy interventions.
Chapter 4 presents the costs associated with Level 1 and Level 2 EVSE installation at MUD
sites. Using empirical evidence from visiting MUD sites and obtaining installation cost estimates
from a qualified electrician, this chapter investigates how installation costs vary based on the
electrical, structural, and parking configuration of the MUD building, and highlights potential lowcost installation solutions.
Chapter 5 offers policy tools that help alleviate the MUD-related barriers to PEV adoption.
Potential policy solutions include designing rebates to reduce the cost of EVSE installation,
implementing PEV-ready new construction codes, siting public charge programs to benefit MUD
residents, and prioritizing outreach and education to increase PEV adoption.

1.2 Intended Audience
This report is intended for a wide audience of decision makers and advocates seeking to
advance PEV adoption in MUDs, with emphasis on those in the Westside Cities subregion.
Those who may find the report most useful include regional, subregional, and municipal
planners; state agencies; utility representatives; MUD property owners; members of homeowner
associations; as well as current and potential PEV drivers.
Regional, subregional, and municipal planners should use this report to facilitate PEV
adoption where latent demand is greatest and installation solutions are needed. By outlining the
subregion’s MUD portfolio, this report empowers planners to strategically conduct targeted
outreach and prioritize MUD sites for policy interventions.
State agencies should use this report to understand the MUD-related barriers to PEV adoption
and consider policy tools, such as rebates, that reduce the cost of installing EVSE at MUD sites.
Utility representatives should use this report to identify and plan for where PEV demand and
related electrical load may grow most rapidly in the subregion. Southern California Edison
(SCE), the predominant electric utility in the Westside Cities subregion, recently received
approval for Phase 1 of its Charge Ready program to install charging infrastructure at long
dwell-time sites, including MUDs, where PEV drivers will be parked for at least four hours. SCE
should use this report to help identify census tracts and specific parcels to prioritize outreach for
this and other PEV programs.
Property managers and members of homeowner associations (HOAs) should use this
report to understand the elements of their building’s electrical systems and to better predict the
cost of installing PEV home charging options.
PEV and prospective PEV drivers should use this report to better understand the challenges
and costs of installing PEV charging infrastructure at home.
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1.3 Methodology
The guiding objective of UCLA Luskin Center researchers was to prioritize outreach by 1)
understanding the MUD portfolio of the Westside Cities subregion, 2) identifying high latent
demand for residents of MUDs in the Westside Cities subregion, and 3) identifying MUD types
with a low cost of EVSE installation. The MUD parcels that exhibited high latent demand and
low-cost installation opportunities represent the low-hanging fruit for outreach or other policy
interventions. The following presents the methodology conducted to achieve the goals of the
research.
1) Understanding the multi-unit dwelling portfolio of the Westside Cities subregion
Researchers analyzed Los Angeles County Office of Assessor Secured Basic File Abstract data
across a number of parcel specific variables. Most importantly, the data provided researchers
with the assessor identification number, number of units, land and improvement value (“total
value”), year built (“vintage”), and ownership type (i.e., rental or condominium). Researchers
assessed the spatial distribution of MUDs in the Westside Cities subregion using geographic
information systems (GIS).
2) Estimating plug-in electric vehicle demand for multi-unit dwelling residents
To identify high latent PEV demand at the parcel level in the Westside Cities subregion,
researchers constructed a propensity-to-purchase model. The model works by assigning a
score to an MUD unit based on the likelihood that the unit will be occupied by a PEV driver, if
there are no barriers to charging. The score is based on three key variables: the forecasted
number of PEV purchases per census tract, the PEV adoption rate among different income
groups, and the percentage of income groups living in homes of certain values. From these
three variables, the model builds a relationship between the value of an MUD unit and the
occupants’ propensity-to-purchase a PEV. That relationship can then be spatialized at the
parcel level based on the MUD’s per unit value. See Appendix 1 for more for information on
how the propensity-to-purchase model was constructed, including a summary of the data
sources that underpin the model.
3) Identifying multi-unit dwelling types with low-cost EVSE installation
This chapter reviews findings from the report Overcoming Barriers to Electric Vehicle Charging
in Multi-unit Dwellings: A South Bay Case Study, in which cost estimates were developed for the
installation of charging infrastructure at sample sites within the South Bay Cities Subregion.6
With the South Bay Cities Council of Governments, researchers released a Request for
Information for qualified electricians in Los Angeles County with experience installing EVSE in
MUDs. Researchers requested 30 MUD site visits to assess Level 1 and Level 2 charge
readiness and to estimate the cost of installing a single Level 2 EVSE unit. From those site
visits, 15 complete cost estimates were obtained, the results of which are discussed in this
chapter.

6

UCLA Luskin Center for Innovation. 2016. Overcoming Barriers to Electric Vehicle Charging in Multi-unit
Dwellings: A South Bay Case Study.
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Table 2.1 summarizes the number of MUDs and the number of MUD units in each city within
the study area. The table also summarizes the percentage of residential land occupied by
MUDs for each city. West Hollywood has the greatest density of MUDs on residential land,
followed in descending order by unincorporated portions of Los Angeles County (explained by
MUDs in Marina Del Rey), Santa Monica, Culver City, and Beverly Hills. In contrast, West Los
Angeles has the greatest number of MUDs and MUD units, followed in descending order by
Santa Monica, West Hollywood, Culver City, Beverly Hills, and unincorporated portions of Los
Angeles County.

Table 2.1: MUD Unit Count and Share of Residential Land Use for Westside Cities
Number of
MUDs

Number of
MUD Units

MUD % of
Residential
Land Use

Beverly Hills

1,273

10,451

10.2%

Culver City

1,763

10,774

32.0%

Santa Monica

5,016

41,165

37.9%

West Hollywood

2,264

23,366

73.1%

West Los Angeles

20,267

167,698

30.3%

7

422

69.7%

30,590

253,876

30.7%

City

Unincorporated Los Angeles County
Total

Source: Los Angeles County Office of the Assessor Secured Basic Abstract File
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Table 2.2 provides a count of MUDs by building size for each city in the Westside Cities
subregion. Most of the region’s MUDs are four- to nine-unit buildings, followed by duplexes and
triplexes (i.e., two- and three-unit buildings, respectively), 10- to 19-unit buildings, 20- to 49-unit
buildings, and 50+-unit buildings. This distribution is fairly consistent from city to city, except in
Culver City (where duplexes and triplexes comprise most of the MUD housing stock), and in
unincorporated portions of Los Angeles County (where there are only seven MUDs in total).

Table 2.2: MUDs by Building Size for the Westside Cities
Duplex/
Triplex

4 to 9
units

10 to 19
units

20 to 49
units

50+ units

Total

298

686

181

103

5

1,273

Culver City

1,159

489

39

44

32

1,763

Santa Monica

1,128

2,725

831

293

39

5,016

741

744

513

215

51

2,264

8,775

7,784

2,309

1,055

344

20,267

1

3

0

0

3

7

Total

12,102

12,431

3,873

1,710

474

30,590

% of Total

39.6%

40.6%

12.7%

5.6%

1.5%

100%

City

Beverly Hills

West Hollywood
West Los Angeles
Unincorporated

Source: Los Angeles County Office of the Assessor Secured Basic Abstract File
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Table 2.3 provides the total number of MUDs according to the average unit for each city in the
Westside Cities subregion. The most common average unit value for an MUD is between
$50,000 and $249,999, with around 49% of the MUDs falling into this category. This is true
among all cities within the region, except in unincorporated portions of Los Angeles County,
where this is a very small sample of MUDs.
Table 2.3: MUDs by Average Unit Value across the Westside Cities Subregion

Less
Than
$50,000

$50,000–
$249,999

$250,000–
$499,999

$500,000–
$999,999

$1 million
and more

Total

Beverly Hills

173

488

322

232

58

1,273

Culver City

285

808

525

141

4

1,763

Santa Monica

767

2,354

1,150

602

143

5,016

West Hollywood

471

1,064

467

228

34

2,264

3,698

10,161

4,052

1,998

358

20,267

4

2

1

0

0

7

Total

5,398

14,877

6,517

3,201

597

30,590

% of Total

17.6%

48.6%

21.3%

10.5%

2.0%

100%

City

West Los Angeles
Unincorporated

Source: Los Angeles County Office of the Assessor Secured Basic Abstract File
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2.4 Vin
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Table 2.4: provides the total number of MUDs by building vintage across the Westside Cities
subregion. MUDs built before 1970 comprise the far majority of housing stock in each city within
the subregion. Very few MUDs in the region were built after 2000 (approximately 3% of the
housing stock). These newer properties may be the most cost-effective locations for installing
charging infrastructure, since they likely are designed to handle higher electrical loads.
Table 2.4: MUD Households by Building Vintage Across the Westside Cities Subregion
Pre-1970

1970
to 1989

1990
to 1999

2000
to 2009

2010
and later

Total

Beverly Hills

1,122

107

18

21

5

1,273

Culver City

1,430

297

13

18

5

1,763

Santa Monica

3,905

793

173

121

24

5,016

West Hollywood

1,998

167

31

60

8

2,264

West Los Angeles

16,670

2,390

501

570

136

20,267

4

1

0

1

1

7

Total

25,129

3,755

736

791

179

30,590

% of Total

82.1%

12.3%

2.4%

2.6%

0.6%

100%

City

Unincorporated

,

Source: Los Angeles County Office of the Assessor Secured Basic Abstract File
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2.5 Ownership Types
MUD ownership influences a resident’s motivation to invest in home charging. MUDs include
both apartment buildings and condominiums. Apartment buildings are generally owned by an
individual or company that rents the units to tenants. The building owner is responsible for
amenities in common spaces, such as lighting for the building’s lobby. Any structural changes to
the building are paid for by the owner, who makes investment decisions based on increasing the
value of the units and charging higher rents. Condominiums are MUDs in which the units are
individually owned and non-unit decisions, such as managing common areas, are often made
by a homeowner’s association (HOA) governing board. Sometimes the owner of a condominium
unit may choose to live elsewhere and rent out their unit.
For renters, the investment motivation is weak or nonexistent because they are unlikely to invest
a significant sum of money in immobile equipment that they would leave behind upon moving.
Moreover, apartment owners and management groups may not view EVSE as an amenity by
which to attract tenants. Alternatively, condominium owners are likely to view the EVSE as a
property improvement positively affecting the potential resale value of their unit, although a
significant installation may require approval by the HOA.
MUD ownership also determines who is responsible for managing common-area amenities,
including any 110/120-volt outlets in the parking area. In an apartment building, such outlets,
which can provide Level 1 charging if there is sufficient electrical capacity, are often connected
to the house panel. The house panel controls the electrical supply for all shared appliances
(such as laundry machines and pool pumps) and common-area amenities. Renters should seek
approval from the property owner to consume electricity when the parking area electrical outlets
are connected to the house panel (see Chapter 4 for more information about the electrical
configuration of MUDs).
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Figure 2.5 presents the spatial distribution
d
of
o MUDs by o
ownership tyype across tthe Westside
e
Cities subregion. Mo
ost of the MU
UDs in the re
egion are apa
artment buildings. Howe
ever, a numb
ber
of condominium build
dings can be
e found acro
oss the subre
egion, particcularly in the Westwood
Area, the
e western po
ortion of Wes
st Hollywood
d, and the no
orthern portion of Santa Monica.
Figure 2.5: MUD Bu
uildings by Ownership
O
Type Acros
ss the Westtside Cities
s Subregion
n
Aparttment
Condominium

Source:
S
Los Ange
eles County Offic
ce of the Assesssor Secured Basiic Abstract File
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Table 2.5 shows the number of MUD units in apartment buildings and condominiums across
the Westside Cities Subregion. Apartment units comprise about 79% of the MUD housing stock.
Of all the cities in the study region, Culver City has the greatest percentage of condominium
units (approximately 41% of total units).

Table 2.5: MUD Units by Ownership Type across the Westside Cities Subregion

Apartment
Units

Condominium
Units

Total
Units

Beverly Hills

8,236

2,215

10,451

Culver City

6,335

4,439

Santa Monica

32,031

9,134

West Hollywood

17,990

5,376

23,366

West Los Angeles

135,798

31,900

167,698

421

1

422

200,811

53,065

253,876

79.1%

20.9%

100%

City

Unincorporated
Total
% of Total

10,774
41,165

Source: Los Angeles County Office of the Assessor Secured Basic Abstract File
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2.6 MUD Presence in Disadvantaged Communities
The Westside Cities subregion includes 15 census tracts that are classified as disadvantaged
communities by the California Office of Environmental Health Hazard Assessment’s
CalEnviroScreen 2.0 screening tool. Disadvantaged communities are defined using a series of
environmental, health and socioeconomic criterion, with the purpose of identifying areas
disproportionately burdened by, and vulnerable to, multiple sources of pollution.9
Understanding the presence of disadvantaged communities within Westside Cities Subregion is
important for PEV planning efforts. These communities tend to face significant financial barriers
to transitioning from conventional gasoline vehicles to PEVs. To address this challenge, the
California Air Resources Board (CARB) has launched a number of initiatives under its Low
Carbon Transportation Program aimed at expanding PEV adoption among low- and moderateincome households. An example is the Enhanced Fleet Modernization (EFMP) Plus-Up Pilot
Program, which provides significant financial assistance to low-income households in the
Greater Los Angeles area and the San Joaquin Valley who scrap their old high-polluting car and
replace it with a more fuel-efficient vehicle. When purchasing a PEV, low-income participants
can receive $9,500 to buy or lease a new plug-in hybrid electric vehicle (PHEV) plus a $1,500
Clean Vehicle Rebate Program (CVRP) rebate, for a total of $11,000 in assistance. For a new
battery electric vehicle (BEV), the rebate is $9,500 plus the $2,500 CVRP rebate, for a total of
$12,000. In addition, individuals who purchase a BEV are eligible for up to $2,000 for a charging
unit. To qualify, the resident must live in a zip code that includes a disadvantaged community
census tract.10
Additionally, Southern California Edison’s Charge Ready program, which aims to install up to
1,500 charging stations at parking sites where dwell times exceed four hours or longer-term
parking sites including MUDs, will target at least 10% of its deployment within disadvantaged
communities.11

9

California Office of Environmental Health Hazard Assessment. 2014. CalEnviroScreen Version 2.0.
Accessed August 2017 from http://oehha.ca.gov/ej/ces2.html
10
California Air Resources Board. 2015. “Making the Cleanest Cars Affordable.”
http://www.arb.ca.gov/newsrel/efmp_plus_up.pdf
11
Southern California Edison. “Charge Ready: A Plan for California.” Accessed August 2017 from
http://www.edison.com/home/our-perspective/charge-ready-a-plan-for-california.html
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Figure 2.6 provides an overview
w of the MUD
D building sto
ock in disadvvantaged co
ommunities
across th
he Westside Cities subre
egion. Only Santa
S
Monicca and Westt Los Angele
es are home
e to
MUDs located in disa
advantaged communities, with a mu
uch larger sh
hare located in West Loss
maller in sca
Angeles along Inters
state 10. The
e majority of these MUDss are also sm
ale (i.e.,
s and triplexe
es).
duplexes
Figure 2..6: MUD Siz
zes in Disadv
vantaged Co
ommunities
s Across the
e Westside C
Cities Subregion

Source: Los Angeles
A
County Office
O
of the Asse
essor Secured B
Basic Abstract Fille
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Table 2.6.1 provides the number of MUD units in disadvantaged communities across the
Westside Cities subregion. Only Santa Monica and West Los Angeles have MUDs in
disadvantaged communities, totaling 16,500 MUD units, or about 6.5% of the total MUD units in
the region (i.e., 253,876 total housing units).
Table 2.6.1: Total MUD Units in Disadvantaged Communities for Westside Cities
City

Number of Units

% of Total Units

Beverly Hills

0

0%

Culver City

0

0%

2,482

6.0%

0

0%

14,013

8.4%

0

0%

16,495

6.5%

Santa Monica
West Hollywood
West Los Angeles
Unincorporated
Total

Source: Los Angeles County Office of the Assessor Secured Basic Abstract File

Table 2.6.2 shows the number of MUDs in disadvantaged communities across the Westside
Cities subregion according to building size. Most are on the smaller end of the spectrum, with
about 90% of them containing fewer than 10 units.
Table 2.6.2: MUDs by Size in Disadvantaged Communities for Westside Cities

Duplex/
Triplex

4 to 9
units

10 to 19
units

20 to 49
units

50+
units

Total

Beverly Hills

0

0

0

0

0

0

Culver City

0

0

0

0

0

0

Santa Monica

74

158

29

16

6

283

West Hollywood

0

0

0

0

0

0

1,555

1,043

177

64

10

2,849

0

0

0

0

0

0

Total

1,629

1,201

206

80

16

3,132

% of Total

52.0%

38.3%

6.6%

2.6%

0.5%

100%

City

West Los Angeles
Unincorporated

Source: Los Angeles County Office of the Assessor Secured Basic Abstract File
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CHAP
PTER 3:
3 PEV Deman
D
d in the
e Wests
side Citties
This chapter provides an overvie
ew of where PEV deman
nd in the We
estside Citiess subregion has
historicallly been the greatest and
d where dem
mand is expe
ected to be tthe greatest among multiunit dwelllings (MUD)) residents. The
T latter is calculated u
using a prop
pensity-to-pu
urchase scorre
that estim
mates PEV demand
d
as a function off historical P EV adoption
n trends as w
well as incom
me
level and
d MUD per unit value (se
ee Chapter 1.3 for a sum
mmary of me
ethods). Sub
bregional an
nd
municipa
al governmen
nts and othe
er interested stakeholderrs should usse this chaptter to prioritizze
neighborrhood outrea
ach or organize other pla
anning effortts (see Chap
pter 5 for mo
ore detail on
n
outreach strategies).

Photo Cred
dit: City of Santta Monica
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3.1 His
storic PEV
V Deman
nd
Knowing how many PEVs
P
are re
egistered in a given area
a helps deterrmine the loccation of currrent
and nearr-future demand for resid
dential charg
ging. By exte
ension, this information can help
planners and utilities
s anticipate lo
ocations like
ely to carry a
additional nig
ghttime elecctrical load.
Figure 3.1 provides an overview
w of the cumu
ulative numb
ber of new P
PEV registrations betwee
en
Decembe
er 2010 and September 2016 by census tract accross the W
Westside Citie
es subregion
n.
Consiste
ent with state
ewide trends
s, early PEV drivers tend
d to be highe
er-income ho
ouseholds. A
As
such, Be
everly Hills, the Pacific Palisades, an
nd Brentwoo
od are all hom
me to a num
mber of census
tracts containing morre than 100 PEV registra
ations. Thesse neighborh
hoods are also home to a
larger share of single
e-family resid
dences, as seen
s
in Figu
ure 2.1. As m
more modera
ate-income
households begin to view the PE
EV as a viable transporta
ation option,, and as pricces of batteryy
technolog
gies continue to come down,
d
adoption will sprea
ad beyond w
wealthier cen
nsus tracts.

Figure 3.1: PEV Regiistrations Be
etween Decem
mber 2010 a nd Septemb
ber 2016 by C
Census Tractt

Source: IHS Au
utomotive, Califorrnia Department of Transportatio
on
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Table 3.1 shows the number of PEV registrations across the Westside Cities subregion. West
Los Angeles has the greatest number of PEVs, while Beverly Hill has the highest PEV purchase
rate per 100 residents over the study period. BEVs are slightly more popular than PHEVs
across the region, except for portions of unincorporated Los Angeles County.

Table 3.1 PEV Adoption for the Westside Cities Subregion
PEV Registrations
(December 2010–
September 2016)

% BEV

% PHEV

Population

PEVs per 100
Residents

Beverly Hills

932

64.9%

35.1%

30,89

3.0

Culver City

481

47.8%

52.2%

33,902

1.4

1,929

57.8%

42.2%

92,169

2.1

504

55.2%

44.8%

35,332

1.4

6,368

55.3%

44.7%

465,409

1.4

205

45.9%

54.1%

10,277

2.0

10,419

56.1%

43.9%

667,891

1.6

City

Santa Monica
West Hollywood
West Los Angeles

Unincorporated

Total

Source: IHS Automotive; Los Angeles County Office of the Assessor Secured Basic Abstract File;
U.S. Census Bureau, 2011–2015 American Community Survey 5-Year Estimates

Overcoming Barriers To EV Charging in MUDs – A Westside Cities Case Study

22

3.2 Lattent PEV Demand within MUD
M
Parce
els
Census tracts
t
with high PEV ado
option and a high share of MUDs ma
ay be areas with high la
atent
he
PEV dem
mand. If MUD
D residents here
h
do not have accesss to home ch
harging, it iss likely that th
MUD is serving
s
as a constraint to
o these cens
sus tracts’ fu
ull PEV adop
ption potential.
To identify and prioritize the MUD
D household
ds with high latent PEV d
demand, we
e calculated a
ase score forr each MUD parcel in the
e Westside Cities subre
egion. The sccore
propensity-to-purcha
accounts
s for the histo
orical adoptiion rate of PEVs in each
h census tracct, the distrib
bution of PE
EV
sales am
mong househ
holds at diffe
erent income
e brackets, a
and the proba
ability of a h
household with a
certain in
ncome level living in a ho
ome with a given
g
value. Considering
g that a large
e share of P
PEVs
are purch
hased by hig
gh-income in
ndividuals who are likelyy to live in hig
gh-value homes, the
propensity-to-purcha
ase score mo
odel allocate
es a greater score to hig
gh-value hom
mes. Refer to
o
h
the prop
pensity-to-pu
urchase mod
del was consstructed.
Appendiix 1 for an overview of how
Figure 3.2 presents the distributtion of MUDs
s with the hig
ghest propensity-to-purcchase score
es
across th
he Westside Cities subre
egion. Since
e Beverly Hillls has a high
h adoption ra
ate of PEVs, and
is home to
t a numberr of high-inco
ome households, it has a disproporttionate share
e of MUDs w
with
high prop
pensity-to-pu
urchase scores.
Figure 3.2: MUDs With
W
the Hig
ghest Prope
ensity-to-Pu
urchase Sco
ores

Source: IHS Automotive,
A
Los Angeles
A
County Office of the Asssessor Secured B
Basic Abstract Fiile
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Table 3.2 summarizes the number of MUDs with the highest propensity-to-purchase scores
across the Westside Cities subregion. About 61% of the MUDs in Beverly Hills fall within the top
15th percentile of propensity-to-purchase scores for the region. In contrast, only 1% of the
MUDs in Culver City fall within the top 15th percentile of propensity-to-purchase scores. West
Los Angeles is home to the greatest number of MUDs in the top 15th percentile of propensity-topurchase scores (2,388 of 4,506), which is a consequence of the region’s size, since most of
the MUDs in the region do not have high propensity-to-purchase scores. Only 7% of the MUDs
in West Los Angeles fall within the top 15th percentile of propensity-to-purchase scores.

Table 3.2: MUDs With the Top Propensity-to-Purchase Scores Across the Westside Cities
City

Total MUDs

Bottom 85%

Top 15%

Top 10%

Top 5%

Beverly Hills

1,273

421

852

777

421

Culver City

1,763

1,702

61

17

0

Santa Monica

5,016

4,217

799

508

415

West Hollywood

2,264

1,861

403

249

104

West Los Angeles

20,267

17,879

2,388

1,442

581

7

4

3

2

2

30,590

26,084

4,506

2,995

1,523

Unincorporated
Total

Source: IHS Automotive, Los Angeles County Office of the Assessor Secured Basic Abstract File
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3.2.1 La
atent PEV Demand
D
fo
or Large MU
UDs
There ma
ay be signific
cant advanta
ages to insta
alling multiplle EVSE and
d sharing insstallation cossts
among PEV
P
drivers. Additionally
y, Southern California
C
Ed
dison’s (SCE
E) Charge Ready progra
am
requires a minimum of 10 EVSEs
s per site (or five EVSEss for sites in
n disadvantaged
communities). Thus, large MUDs
s serve as prime candida
ates for outrreach progra
ams aimed a
at
increasin
ng PEV adop
ption and pro
omoting the potential co
ost savings to
o group inve
estment in EV
VSE
installatio
on.
Figure 3.2.1 presentts the distribution of large MUDs (i.e
e., more than
n 10 units) w
with the highe
est
propensity-to-purcha
ase scores across the Westside
W
Citie
es subregion
n. Again, Be
everly Hills has a
disproportionate share of large MUDs
M
(10+ units)
u
with hiigh propensity-to-purcha
ase scores
a
rate
e of PEVs an
nd its popula
ation of high--income hou
useholds.
because of its high adoption

e 3.2.1 Larg
ge MUDs (10
0+ units) Wiith the High
hest Propen
nsity-to-purc
chase Scorres
Figure

Source: IHS Automotive,
A
Los Angeles County
y Office of the Asssessor Secured Basic Abstract F
File
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Table 3.2.1 summarizes the number of large MUDs (i.e., more than 10 units) with the highest
propensity-to-purchase scores across the Westside Cities subregion. About 70% of the large
MUDs in Beverly Hills fall within the top 15th percentile of propensity-to-purchase scores for the
region. In contrast, 0% of the large MUDs in Culver City fall within the top 15th percentile of
propensity-to-purchase scores. West Los Angeles is home to the greatest number of large
MUDs in the top 15th percentile of propensity-to-purchase scores (357 of 788), which again, is a
consequence of the region’s size, since most of the large MUDs in the region do not have high
propensity-to-purchase scores. Only 10% of the MUDs in West Los Angeles fall within the top
15th percentile of propensity-to-purchase scores.

Table 3.2.1: Large MUDs (10+ units) with the Highest Propensity-to-Purchase Scores
Total MUDs
(10+ Units)

Bottom 85%

Top 15%

Top 10%

Top 5%

Beverly Hills

289

87

202

177

98

Culver City

115

115

0

0

0

1,163

994

169

111

90

779

720

59

39

20

3,708

3,351

357

221

125

3

2

1

0

0

6,057

5,269

788

548

333

City

Santa Monica
West Hollywood
West Los Angeles
Unincorporated
Total

Source: IHS Automotive, Los Angeles County Office of the Assessor Secured Basic Abstract File
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CHAP
PTER 4:
4 The Cost
C
of Installiing Cha
arging
Infras
structure in MUDs
In place of
o a 15-minu
ute detour to
o a gas statio
on, most PE V owners re
efuel when th
hey are at ho
ome
and theirr PEVs are plugged-in
p
th
hroughout the night. To ccharge PEV
Vs at home, d
drivers gene
erally
choose a Level 1 or 2 charger, depending
d
on
n charging p
preference, rrecharging n
needs, and ccost
of installa
ation. Level 1 charging requires
r
a 11
10/120-volt o
outlet, the sttandard 3-prrong plug tha
at is
already available
a
in many
m
parking layouts. It requires 15
5 amps of co
ontinuous loa
ad to charge
e 4–6
erage 15 to 45 miles of driving per d
miles perr hour. Seve
enty-eight pe
ercent of PEV
V drivers ave
day,
which can be satisfie
ed with 3 to 8 hours of Le
evel 1 charg
ging.12 Level 2 charging units charge
e
PEVs at a much faster rate of 8–
–24 miles pe
er hour, but tthey require a 208/240-vvolt outlet.
For single-family hom
meowners, home
h
charging is genera
ally an easilyy available a
amenity. Sing
glefamily ho
omes tend to
o have suffic
cient electrica
al capacity to
o support ovvernight cha
arging, and th
he
installatio
on of the nec
cessary elec
ctric vehicle supply equip
pment (EVS
SE) is straigh
htforward and
has a pre
edictable cos
st. The same
e cannot be said for PEV
V home cha
arging at MUDs. The cosst of
installing EVSE in a MUD parking environme
ent varies grreatly from ssite to site an
nd can quickkly
become a barrier. To
o begin, all PEV
P
drivers need EVSE equipment ffor plugging their vehicle
e into
an electrrical outlet (c
covered in Section 4.1). Once the de
esired EVSE
E unit is obta
ained, prope
er
wiring an
nd conduit is needed to connect
c
the charging ou
utlet to the ellectric panel at the MUD
D
(covered in Section 4.2). If the panel
p
cannott produce ad
dequate elecctricity and/o
or the utility
service is
s not providing enough electricity
e
to the propertyy, then pane
el and/or servvice upgrade
es
will be ne
ecessary (co
overed in Se
ection 4.3).
See Figu
ure 4.1 for an overview of
o the variou
us costs at th
he different sstages of EV
VSE installattion
for a sing
gle charging unit. Depen
nding on the electrical co
onfiguration of a given M
MUD, not all
stages may
m be releva
ant. It’s wortth emphasizing that the ranges provvided below are ballparkk
estimates
s and do nott reflect the absolute low
wer or upperr limit of insta
allation costss at each sta
age,
especially considerin
ng the variatiion in electrical configurrations amon
ng MUDs, an
nd the variattion
in charging preferenc
ces among PEV
P
drivers (i.e., Level 1 or Level 2 charging).
4
Potentia
al Costs at the Differen
nt Stages o
of EVSE Insttallation at MUD Locations
Figure 4.1:

($
$300 to $6,500)

($60 to $2,000)

($274 to $33,500)

($180 to $4,600)

Image Sourrce: Noun Projec
ct; car by Tracy Tam;
T
electric equ
uipment by Prosyymbols; building by Nicholas Men
nghini; pylon by A
Arthur Shlain.

12

Center for Sustainab
ble Energy. California Plug
g-in Electric Ve
Vehicle Driver Survey Resu
ults – May 201
13.
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Backgro
ound on the
e Electrical Configurati
C
on of Multi--Unit Dwelliings
The electrical configu
uration of an
n MUD is com
mplex. Utilitiies distribute
e power to e
each propertyy’s
electric meter
m
through either an overhead
o
se
ervice drop o
or an underg
ground servicce connectio
on.
An overh
head drop offten comes from
f
a utility pole to the rroof of the p
property and down to the
e
meter section or to th
he electric box. Underground service
e connection
ns come from
m a pull secction
or pull bo
ox — an und
derground co
ompartment that serves as the main
n termination
n point for the
utility fee
ed. The conn
nection is the
en run up to the MUD’s e
electric box.. Alternativelly, an
undergro
ound service
e connection can run dow
wn a utility p
pole, be tunn
neled underg
ground, and then
resurface
ed at the pro
operty’s elec
ctric box.
Inside the
e electric bo
ox is the prop
perty’s mete
er section, wh
hich include
es the house and unit me
eters
as well as the main breakers
b
(pic
ctured in Fig
gure 4.2). Ea
ach residenttial unit has its own mete
er
and main
n breaker. Po
ower is distrributed from the meter se
ection to a p
panel located
d in each un
nit, or
the unit panel, wherre circuit breakers safely
y manage ea
ach unit’s ele
ectric load. T
The house
stribute powe
er to a hous
se panel(s), which then provides
meter(s) and main brreaker(s) dis
electricity
y to common
n areas and general elec
ctrical loads such as parrking outletss, laundry
machines
s, pool pump
ps, electric water
w
heaterrs, and more
e. The house
e panel can be located in the
electric box
b or in ano
other commo
on space.

Figure 4.2:
4
Photos of Overhea
ad Service Drops
D
and M
Meters at M
MUDs

Two exam
mples of overhead service dro
ops providing electricity
e
to the
e
MUD’s ellectric box (Pho
oto credit: UCL
LA Luskin Center).

A clu
uster of house and unit meterrs (i.e. ,the
mete
er section) and their main bre
eakers
insid
de an electric b
box (Photo cred
dit: UCLA
Luskkin Center).
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Case Stu
udy Finding
gs
This chapter reviews
s findings fro
om the 2016 report Overrcoming Barr
rriers to Elecctric Vehicle
Charging
g in Multi-uniit Dwellings:: A South Ba
ay Case Stud
dy, in which cost estima
ates were
develope
ed for installing charging
g infrastructu
ure at sample
e MUD sitess in the Soutth Bay.13 The
e
estimates
s were deve
eloped by a qualified
q
elec
ctrician who
o considered the followin
ng: electrical
configura
ation of MUD
Ds, necessarry panel and
d service upg
grades, and opportunitie
es for saving
gs.
Research
hers requestted 30 MUD
D site visits to
o assess Levvel 1 and Le
evel 2 charge
e readiness,, and
to estima
ate the cost of
o installing a single Lev
vel 2 EVSE u
unit. From th
he 30 selecte
ed sites, a to
otal
of 27 site
es were actu
ually visited, and a total of
o 15 comple
ete cost estimates were obtained.14
Based on
n these 15 cost
c
estimate
es, the electrrician estima
ated Level 2 EVSE insta
allation costss
ranging from
f
$1,800 to $17,800 per site, with
h an average
e of $5,400 per site (inccluding the co
ost
of any pa
anel upgrade
es, but not in
ncluding the cost of servvice capacityy upgrades). In contrast,,
Level 2 in
nstallation co
osts for sing
gle-family res
sidences ave
erage $1,50
00.15
The most significant component of installatio
on costs acro
oss the 15 e
estimates wa
as labor, whiich
on average was 45%
% of the total project costt. Materials ((other than E
EVSE) were
e the second
dgreatest cost, comprrising 40% off total projec
ct costs on a
average. A cconstant pricce of $480 was
assumed
d for EVSE across
a
all estimates, com
mprising abo
out 15% of th
he total proje
ect cost on
average. See Figure
e 4.3 for installation costts across the
e15 sample e
estimates.
Figure 4.3:
4
Installation Costs for
f Level 2 EVSE Unit Across 15 M
MUDs

13

UCLA Luskin
L
Centerr for Innovatio
on. 2016. Ove
ercoming Barr
rriers to Electrric Vehicle Ch
harging in Mu
ultiunit Dwelllings: A South
h Bay Case Study.
S
14

Comple
ete cost estim
mates were no
ot obtained forr all 30 prope rties because
e some prope
erty owners w
were
unable to be found, we
ere not interes
sted in participating in the sstudy, or werre unable to p
provide permisssion
to determine the electrical service being
b
provided
d to the MUD , which is neccessary for de
etermining wh
hether
the MUD receives enough power to provide Leve
el 2 charging for one or mo
ore vehicles.
15

Electric
c Power Research Institute. 2013. Electrric Vehicle Su
upply Equipm
ment Installed Cost Analysiss.
Accessed
d August 2017
7 from https:///www.epri.com
m/#/pages/pro
oduct/000000
00030020005
577/
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Savings Opportunitties
Although
h the estimatted installatio
on costs were high in th is exercise, some poten
ntial costand summarized
reduction
n strategies emerged.
e
Th
hese costs savings
s
are d
detailed in S
Section 4.4 a
below:


Using
U
Level 1 charging, particularly
p
in
n dingbat pa
arking lots (ssee Figure 4
4.4).



Sharing
S
EVSE installation
n costs across multiple P
PEV drivers.



Id
dentifying pa
arking layoutts and electrrical configurrations that llend themse
elves to lowe
erco
ost Level 2 charging
c
infrrastructure in
nstallation (e
e.g., parking
g spots close
e to existing
electrical outlets).

4
Dingbatt Parking La
ayouts With
h Medium to
o High Prob
bability
Figure 4.4:
of Electrrical Outlet Access

Photo cre
edit: UCLA Luskiin Center

Photo credit: UCLA Luskin Ce
enter
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4.1. Ele
ectric Vehicle Sup
pply Equiipment

($
$300 to $6,500)

Level 1 and
a Level 2 Electric
E
Vehicle Supply Equipment ((EVSE) provvides alterna
ating current
power — the typical power supplied to reside
ences and b
business — tto the PEV’ss onboard
charging equipment, which then converts it into direct cu
urrent powerr for battery charging. Le
evel
1 EVSE can
c supply up
u to 120 vo
olts of powerr, or six miless per hour, w
while Level 2 EVSE can
supply up
p 240 volts, or 60 miles per hour. Le
evel 1 EVSE
E can typicallly be directlyy plugged into
any common outlet as
a long as th
here is enoug
gh available
e power supp
ply at the panel level. Le
evel 1
EVSE typ
pically come
es at the poin
nt of PEV pu
urchase and is the cheapest option. Level 1 EVS
SE
can range from $300
0 to $1,500, while
w
Level 2 EVSE can
n range from
m $400 to $6,500, depending
on the included featu
ures and whe
ether the unit is mounted
d on a wall o
or a freestan
nding pedestal.16
ure 4.5 for sa
ample photo
os of EVSE at
a each charrging level.
See Figu

4
Examplles of Levell 1 and Leve
el 2 Chargin
ng EVSE
Figure 4.5:
Level 1 Charging
C
Ex
xample

Source: Voltrek
V

Leveel 2 Charging
g Example

Source: Clip per Creek

16

U.S. De
epartment of Energy.
E
2015
5. Costs Associated with N
Non-Residentia
al Electric Ve
ehicle Supply
Equipmen
nt. Accessed August
A
2017 from
https://ww
ww.afdc.energ
gy.gov/upload
ds/publication//evse_cost_re
eport_2015.p
pdf
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4.2 Running Wiires and Conduit
C
to
t Charge
e Point

($180
(
to $4,600+
+)

To provid
de electricity
y to EVSE eq
quipment, an
n electrician may need tto run wires from the
electricall panel to the
e PEV charg
ge point. If th
he panel is cclose to the E
EVSE locatio
on, the
installatio
on process can
c be straig
ghtforward. As
A the length
h between th
he panel and
d the EVSE site
extends however, ad
dditional costts can arise from materi als, labor, and construcction activitie
es like
trenching
g through co
oncrete or as
sphalt. In MU
UDs where p
parking areas represent a significantt
ay require e
structural feature (e.g
g., subterran
nean garage
es), EVSE in
nstallation ma
engineering ttests
like x-ray
ying concrete
e to ensure structural
s
inttegrity.
Soft costts include pe
ermitting and
d inspection fees, tool re
entals for con
nstruction orr engineering
g
activities, taxes on th
he materials purchased, and contracctor fees. La
abor is often the most
significan
nt cost comp
ponent of pro
oject installa
ation and can
n vary depen
nding on the
e contractor’ss
experience, trade union memberrship, and th
he complexityy of the job. The cost off tool rentals will
be relate
d will vary greatly from p
ed to the matterials and ty
ype of labor required and
project to pro
oject.
Taxes on
n materials vary
v
by state
e and profits vary by the company co
ontracted forr labor.
Permits, inspection requirements
r
s, and assoc
ciated fees vvary by city a
and by county. The
installatio
on of EVSE and any corrresponding electrical up
pgrade will likely require engineering
g
drawings
s that must be
b reviewed by the respo
onsible agen
ncy, such ass a Departme
ent of Building
and Safe
ety. Requirem
ments for en
ngineering drrawings can vary and m
may require e
electrical load
studies of
o the properrty.
Once the
ere is sufficie
ent electricall capacity to perform PE
EV charging, a contracto
or needs to ru
un
conduit and
a wire from
m the relevant panel to the PEV parkking spot, ovvercoming a
any physical
barriers that
t
might arrise. The cos
st of connec
cting chargin g infrastructture to the building’s
electricall system varries from site
e to site. The
e strongest p
predictor of ccosts is the d
distance
between the panel with
w the EVSE
E-dedicated circuit and tthe PEV parrking spot.
EVSE ins
stallations th
hat traverse long distanc
ces not only require grea
ater lengths of conduit a
and
wiring bu
ut also increa
ase the likeliihood of requ
uiring signifi cant constru
uction and engineering
activities. For MUD sites
s
where the
t PEV parking spot wa
as 100 feet o
or greater fro
om the relevvant
se additional construction
n and engine
eering activiities accountted for $180
0 to
electricall panel, thes
$4,600 in
n material an
nd labor, com
mprising 5% to 48% of to
otal material and labor ccosts.17

17

UCLA Luskin
L
Centerr for Innovatio
on. 2016. Ove
ercoming Barr
rriers to Electrric Vehicle Ch
harging in Mu
ultiUnit Dwelllings: A South
h Bay Case Study.
S
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4.3 Upgrading Electrical
E
l Panel an
nd Utility
y Service

($
$60 to $2,000)

($274 to $33,500)

Sometim
mes the installation of a Level
L
1 and Level
L
2 EVS
SE will requirre additionall electrical
capacity.. Electrical upgrades can
n occur in tw
wo ways with
hin an MUD’ss electrical cconfiguration
n:
A. Ad
dding capaciity to the unit or house panel,
p
and/orr
B. Up
pgrading electric service
e capacity to the MUD fro
om the utilityy.
These up
pgrades sho
ould be made
e in consulta
ation with an
n electrician, or ideally, a
an electrical
engineerr. An electric
cal engineer can provide
e an installatiion quote that looks holiistically at th
he
overall energy supply
y and deman
nd of a build
ding, and ma
ake recomme
endations fo
or reducing tthe
building’s
s electrical lo
oad. Load re
eduction effo
orts may allo
ow residentss to use the b
building’s
existing electricity
e
su
upply to acce
ess Level 1 charging
c
(se
ee Section 4
4.4 for more information)).
The following section
n reviews co
osts associatted with upg rading MUD
D panel capa
acity and utility
service. It
I provides utility-specific
u
c information
n from South
hern Californ
nia Edison (S
SCE) Electriic
Service Requiremen
R
ts and otherr SCE Guide
elines, plus o
observationss made durin
ng site visits at
27 differe
ent MUDs ac
cross the So
outh Bay with
h a qualified
d electrician.
ng Electrica
al Capacity to
t the Unit or
o House P anel
A. Addin
Level 1 charging
c
requires a ded
dicated 20-a
amp breaker rated for co
ontinuous use. In many
instances
s, 110/120-v
volt outlets are
a available in the parki ng area and
d receive ele
ectricity from a
15- or 20
0-amp breaker on the ho
ouse panel. The
T amount of available
e capacity offten dependss on
the otherr loads tied to that panel, such as ele
ectricity nee
eded for com
mmon areas. A confluencce of
loads on the same ho
ouse panel may
m trip the main break er — a safetty response that shuts d
down
o all loads sharing the panel.
service to
To asses
ss the feasib
bility of Levell 1 charging,, the residen
nt, property m
manager, orr owner, and an
electricia
an or electric
cal engineer should revie
ew the annua
al peak load
d of the housse panel to
determine if there is available ca
apacity. This information is often ava
ailable from a
an individual’s
u
at the request
r
of th
he person na
amed on the bill.
electric utility
Level 2 charging
c
requires a ded
dicated 40-a
amp circuit. Iff there is suffficient capa
acity and bre
eaker
space on
n the panel, then
t
an elec
ctrician can simply
s
add b
breakers to tthe panel to create the
necessarry dedicated
d circuits.
When the
ere is insufficient capaciity or space on the pane
el for a dediccated circuit, an electricia
an
must create additiona
al capacity in one of the
e following w
ways:
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a. Upgrade to a new panel.
A panel upgrade replaces the existing panel (e.g., 50-amp) with one that has additional
breaker space or greater capacity (e.g., 100-amp).
Cost estimate: $1,000 or more for a panel upgrade with new breakers
b. Reconfigure the current panel to provide more breaker space.
Electricians can reconfigure the breakers on the existing panel to free up space for
additional breakers. For example, a tandem circuit breaker allows for two circuits to be
installed in one circuit breaker space.
Cost estimate: $60 to $500, depending on panel breaker’s type, size and age
c. Add a subpanel for the EVSE unit.
Electricians may also install a subpanel. Electricians can, for example, replace multiple
breakers with a tandem circuit breaker and run a wire from it to the new subpanel. The
result is a subpanel with space for multiple breakers, including a dedicated one for Level
2 charging.
Cost estimate: $500 to $2,000, depending on distance between panel and subpanel, and
the number and type of breakers
d. Add a separate panel from the existing service.
An electrician can add a separate panel with a dedicated service for PEV charging. This
requires a newly installed panel to connect to the current service drop or connection
(sometimes called “tapping into” or “tapping off”). The resident and property manager or
owner and an electrician should work with their local utility to ensure they follow all
electrical service guidelines.
Cost estimate: $1,000 or more to install a new dedicated panel and to connect to
existing service, depending on the space available for the panel and the distance
between the new panel and the service connection.
For Level 1 charging, 78% of the sites we visited had access to 110/120-volt outlets in the
parking environment. Depending on the parking layout, outlets were either scattered randomly
throughout the parking environment or were available at each individual parking spot. Of these
sites, 96% of the 110/120-volt outlets were connected to a 15- or 20-amp circuit on the house
panel. Without permission to review the annual peak load, it was unclear whether there was
sufficient capacity on the house panels for Level 1 charging.
For Level 2 charging, 93% of the sites visited did not have sufficient panel capacity or breaker
space and would require upgrades. At these sites, additional capacity would need to be added
through the one of the four options described above (i.e., a panel upgrade, a reconfiguration of
panel breakers, the installation of a subpanel, or the installation of a new dedicated panel that is
connected to the existing service).
Before an electrician can make any panel adjustments, a utility representative must visit the site
to review the installation plan and provide electrical code instructions. Any electrical upgrade
that requires utility approval will also require bringing the property up to Electrical Service
Requirement code. For example, SCE requires flat ground below meters have three feet of clear
working space in front of them so that staff can easily and safely access and read meters. If the
current panel is not up to the utility’s standards or there is no space for an additional panel, the
electrician may be required to move the entire meter section, which would increase costs.
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B. Upgrading Electric Service Capacity to the MUD from the Utility
To add capacity at the panel level for EVSE, the property must receive enough power from the
utility to support the added load. If there is insufficient power, tenants or owners must apply for a
utility service upgrade to replace service wires fed to the MUD and/or upgrade distribution lines
(e.g. replacing or upgrading the transformer).
Adding capacity at the panel level may require upgrading the MUD’s utility service. Service
upgrades may be more likely when the MUD is located at the end of the utility’s electrical lines
served by a substation or in urban areas where building density has already maximized the
electric service capacity.18 To accommodate additional capacity, the utility may need to perform
service line and/or distribution line upgrades.
For these types of upgrades, SCE is “responsible for the cost of the service connector,
connectors, support poles, and metering.”19 These costs are covered by a residential allowance
and any amount over the allowance is billed to the customer. The customer is “responsible for
any trenching, conduit, substructures, or protective structures required for the upgrade. These
costs are not covered by the allowance.”20
Within SCE territory, if the service capacity from an overhead drop increases to over 200 amps,
the customer is responsible for burying the overhead feed underground.21 This likely will require
costly construction activities, including trenching and the demolition of concrete. Medium-sized
MUDs (10–19 units) receiving electricity from an overhead drop may be at or above the 200amp threshold and thus subject to this rule and associated costs.
Out of 9,300 on-site residential service assessments for PEV charger installations completed
before November 2014, SCE required service upgrades only 26 times (0.3%).22 The service
upgrade costs ranged from $274 to $33,499, with service line upgrades averaging $2,055 and
distribution line upgrades averaging $7,165.23 It is important to note that these include a
significant share of single-family households that are more likely to have sufficient capacity
available. SCE also needed nine service upgrades for commercial installations, which may be
more reflective of medium- and large-sized MUDs. In the event that a service upgrade is
required, the applicant shall be granted an allowance of $3,402 per residential dwelling unit.24

18

California Department of Housing and Community Development. 2013. Electric Vehicle Ready Homes.
Accessed August 2017 from http://www.hcd.ca.gov/building-standards/state-housinglaw/docs/ev_readiness.pdf
19

San Diego Gas & Electric. 2014. Joint IOU Electric Vehicle Load Research Report. Accessed August
2017 from http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M143/K954/143954294.PDF
20

Ibid.

21

Phone Interview with Southern California Edison, November 28, 2015.

22

San Diego Gas & Electric. 2014. Joint IOU Electric Vehicle Load Research Report. Accessed August
2017 from http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M143/K954/143954294.PDF
23

Ibid.

24

Southern California Edison Tariff Books. Rule 15. Accessed August 2017 from
https://www.sce.com/NR/sc3/tm2/pdf/Rule15.pdf
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4.4 Cost-Saving Opportunities to Reduce Charging Fees
To help reduce the cost of EVSE installations at MUD sites, multiple PEV drivers at one location
can split the up-front installation costs. If this isn’t an option, PEV drivers can opt to rely on Level
1 charging and possibly avoid installation costs altogether. This section reviews these two costsaving strategies.
Cost Advantages to Group Investing in Level 2 Charging Infrastructure
PEV owners can share EVSE installation costs at MUD residences. Figure 4.6 shows the
decreasing cost per added EVSE on a site, as based on 13 different potential charging
configurations at eight different sample sites.25 When considering EVSE installation, an owner or
renter should survey neighbor units to gauge interest in PEV ownership and sharing of costs
associated with EVSE installation.
Figure 4.6: Cost Reductions Achieved Due to Multiple EVSE Installations
Unique Charging Configurations (n=13)
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Source: On Target Electric, for study purposes only
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UCLA Luskin Center for Innovation. 2016. Overcoming Barriers to Electric Vehicle Charging in Multiunit Dwellings: A South Bay Case Study.
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Technological solutions can support group investments in EVSE installation. For example,
energy-saving technologies such as energy management systems (EMS) can be installed to
optimize multiple PEV charges. The management of energy in response to the charging needs
of PEVs and the available electrical capacity of a building can delay the need for costly electrical
upgrades. For example, if a building’s electrical capacity can handle only one PEV charging at
full capacity but there are three PEVs in the building, EMS technology can distribute power to
each PEV at different times so that all three PEVs can charge overnight. This prevents the need
to upgrade the electrical capacity of the building to accommodate all three PEVs.
Accessing Level 1 Charging to Avoid Electrical Upgrades
Depending on a PEV driver’s available charge time and daily commute, MUD parking
environments with access to 110/120-volt outlets may be good candidates for Level 1 EVSE
charging. The resident, property manager, or owner, along with an electrician or electrical
engineer, should review the annual peak load of the house panel to determine if there is
available capacity considering other loads tied to the panel, such as laundry machines, pool
pumps, etc. This information is often available from the utility provider at the request of the
person named on the electric bill.
If the house panel does not have sufficient capacity to accommodate Level 1 charging, strategic
energy efficiency measures may be deployed to reduce the overall load of the house panel. This
can include efficient lighting, or energy-efficient replacements for a property’s electric water
heater, washer/dryer, or pool pump. Electric utilities offer a number of rebates and incentives to
improve efficiency. See Figure 4.7 for an overview of how the average household in California
consumes electricity. The greatest savings can be achieved in improving the efficiency of
lighting fixtures, refrigerators/freezers, and household devices with screens (e.g., televisions,
personal computers, etc.).
Figure 4.7: Average California Electricity Consumption per Household26
(6,296 kWh per Household)
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26

California Energy Commission, 2010. 2009 California Residential Appliance Saturation Study.
Accessed August 2017 from http://www.energy.ca.gov/appliances/rass/
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4.5 Charging Potential in the Westside Cities by Parking Layout
In Southern California, and specifically the Westside Cities subregion, the private vehicle has
played a significant role in shaping land use patterns and the built environment, as well as MUD
architectural designs. The latter tend to change over time and location depending on
construction trends and sociodemographic changes. These changes can influence unit size, the
availability of on-site amenities such as laundry services, and the parking layout of the property.
The parking layout is of particular importance to PEV ownership and EVSE installation. Indeed,
one of the most significant drivers of EVSE installation costs is the distance from the electrical
panel to the PEV charging spot and a MUD’s parking layout will greatly influence this length of
distance. The parking layout may also determine whether a PEV driver will have access to an
electrical outlet for Level 1 charging. And finally, some parking layouts such as shared garages
may provide opportunities for sharing the installation costs for multiple EVSE or the deployment
of new technologies such as energy management systems (EMS) which allow for the strategic
charging of multiple PEVs by optimally balancing each vehicle’s state of charge with available
electrical capacity.
Eight common MUD parking layouts across the Westside Cities Subregion include: 1) dingbat
with door, 2) dingbat without door, 3) detached parking with door, 4) detached parking without
door, 5) podium garage, 6) subterranean garage 7) parking lot, and 8) driveway only. See Table
4.1 for a description of each parking layout.
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Table 4.1
1: Common
n MUD Parking Layouts
s Across th
he Westside
e Cities Sub
bregion

Parkin
ng Layout Type
T

Sample Pho
oto

Dingba
at With Doo
or
• Enclose
ed individual garage partitioned by walls
• Equipp
ped with privatte garage doo
or
• Often lo
ocated directlly below drive
er’s housing unit
u
• At or be
elow grade
• High prrobability of electrical outle
et access

P
Photo credit: UC
CLA Luskin Center

Dingba
at Without Door
• Open or
o partitioned parking spots
s
• Not equ
uipped with private
p
garage
e door
• Located
d below hous
sing units
• At or be
elow grade
• Medium
m probability of
o electrical outlet
o
access

P
Photo credit: UC
CLA Luskin Center

Detach
hed Parking With Doo
or
• Enclose
ed individual garage partitioned by walls
• Equipp
ped with privatte garage doo
or
• Detach
hed from main
n MUD structu
ure
• At grad
de
• Medium
m to high prob
bability of elec
ctrical outlet access
a

P
Photo credit: UC
CLA Luskin Center

Detach
hed Parking Without Door
• Open parking
p
structure often parttitioned by wa
alls
• Not equ
uipped with private
p
garage
e door
• Detach
hed from main
n MUD structu
ure
• At grad
de
• Low to medium prob
bability of elec
ctrical outlet access
a

P
Photo credit: UC
CLA Luskin Center
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Podium
m Garage
• Enclose
ed shared ga
arage
• Not equ
uipped with private
p
garage
e door
• Located
d below hous
sing units
• At grad
de
• Medium
m to high prob
bability of elec
ctrical outlet access
a

P
Photo credit: UC
CLA Luskin Center

Subterrranean Ga
arage
• Enclose
ed shared ga
arage
• Not equ
uipped with private
p
garage
e door
• Located
d below hous
sing units
• Below grade
g
• Medium
m to high prob
bability of elec
ctrical outlet access
a

P
Photo credit: UC
CLA Luskin Center

Drivew
way Only
• Open parking
p
spot or
o spots not partitioned by walls
• Not equ
uipped with private
p
garage
e door
• Located
d adjacent to main MUD structure
• At grad
de
• Zero to
o low probability of electrica
al outlet access

P
Photo credit: Go
oogle Map Data
a

Parking Lot
• Open parking
p
lot nott partitioned by
b walls
• Not equ
uipped with private
p
garage
e door
• Located
d adjacent to main MUD structure
• At grad
de
• Zero to
o low probability of electrica
al outlet access

P
Photo credit: Go
oogle Map Data
a
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Table 4.2
2 describes opportunitie
es for installin
ng Level 1 a
and 2 chargin
ng EVSE in different MU
UD
parking la
ayouts base
ed on our observations frrom sample MUD sites iin the South
h Bay.27 The eight
layouts in
n Table 4.1 were consollidated into six
s in Table 4.2, based o
on overlappiing informatiion.
Table
T
4.2: Evaluation
E
of
o Charging
g Potential A
Across Diffe
erent MUD Parking Lay
yout
Stra
aightforward

Moderately Comp
plex

Very Compllex

vel 1 Chargiing
Lev

Lev
vel 2 Charg
ging

Dingbat
W
With Door

Lik
kely access to
o a 110/120-vo
olt outlet in the
e
ga
arage, particula
arly with an au
utomatic door
tha
at relies on ele
ectricity. Outle
ets in this
co
onfiguration are
e typically con
nnected to the
ho
ouse panel. If the
t outlet does
s not already
se
erve energy inttensive loads (e.g., laundry
ma
achine, pool pump),
p
it may provide
p
a
co
onvenient oppo
ortunity for cha
arging.

M
Many provide cconvenient acccess to the un
nit
p
panel if the garage is below or in front of
the unit, which reduces the d
distance
b
between the pa
anel and parking spot. Even
n
though the disttance between
n the two may
y
b
be minimal, ele
ectricians mayy still need to
ccore the wiring
g and conduit tthrough unit
w
walls and/or th
he floor.

Dingbat
Without Door

Lik
kely access to
o 110/120-volt outlets,
altthough outlets
s may be scatttered across
the
e parking enviironment. These outlets are
e
alm
most always connected
c
to th
he house
pa
anel. PEV drive
ers should con
nsider
ele
ectrical capacity of the pane
el in light of
sh
hared loads. In
n scenarios wh
here tenants
ha
ave assigned parking,
p
a PEV
V driver may
sw
wap spots for easier
e
access to the outlet.

M
Many have con
nvenient acce
ess to the unit
p
panel if the garage is below or in front of
the unit, which reduces the d
distance
b
between the pa
anel and parking spot. The
cconduit and wiring can often
n be surfacem
mounted along
g the length off the parking
ssite.

D
Detached
Parking

Po
ossible access
s to an outlet in
n each
de
etached garage. Higher valu
ue and newer
MUDs with deta
ached parking are more likelly
matic door,
to have outlets. With an autom
the
ere is also a higher
h
likelihoo
od of access to
o
an
n outlet. When parking is ass
signed,
residents may need
n
to swap parking
p
spots
to gain access to Level 1 charrging.

M
Most are separated from the
e MUD
sstructure and tthe house and
d unit panels by
cconcrete or asphalt. Thus, ru
unning wiring
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and conduit fro
om the panel tto the EVSE is
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on activity such
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Garage
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CHAP
PTER 5:
5 Policy
y Tools
s to Ove
ercome
e Barrie
ers to
PEV Adoptio
A
on in MUDs
M
To achieve the State
e of California’s ambitiou
us zero-emisssion vehicle
e (ZEV) adop
ption goals, and
e equitable distribution
d
of
o the ZEV benefits, resid
dents of multi-unit dwellings (MUDs)
to ensure
must hav
ve the option
n to charge their
t
plug-in electric vehiicles (PEVs)) at home. T
This is particu
ularly
true for th
he Westside
e Cities subregion, which
h has 253,87
76 MUD unitts. As review
wed in Chap
pter 4,
EVSE ins
stallation cos
sts at MUD sites
s
are varriable and offten high. Mo
oreover, ren
nters and
property owners show a low to nonexistent
n
motivation
m
to
o invest in ch
harging infra
astructure at their
residence
e or property
y. To this en
nd, regional, subregionall, and municcipal governm
ments, as well as
state age
encies, air qu
uality manag
gement distrricts, and uti lities (hereaffter “other ad
dministrative
e
entities”) can deploy the following policy tools to overcom
me MUD-rela
ated EVSE installation
t PEV adop
ption:
barriers to
1. Design
n incentives to reduce th
he cost of EV
VSE installattion.
2. Implem
ment PEV re
eady new construction co
odes.
3. Expan
nd availability
y of public PEV
P
charging
g opportunitiies for MUD residents.
4. Condu
uct outreach to drive PEV
V ownership
p and EVSE installation in MUDs.
These po
olicy tools arre the focus of this chapter.

An examp
ple of public cha
arging infrastru
ucture sited nea
ar a MUD (Pho
oto credit: City o
of Torrance).
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5.1 Design Incentives to Reduce the Cost of EVSE Installation
Policymakers can design public financial incentives such as price subsidies, rebates, tax credits,
sales tax exemptions, and subsidized financing to induce consumers to adopt PEV technology.
The Clean Vehicle Rebate Program (CVRP) offers PEV buyers $1,500 for a plug-in electric
hybrid vehicle (PHEV), or a $2,500 rebate for a battery electric vehicle (BEV) after purchase.
Sixty-five percent of PEV drivers found the CVRP to be extremely or very important to their
purchase decision.28 The state, local municipalities, and other administrative entities can also
provide free or subsidized Level 2 chargers. Sixty percent of early PEV adopters found a rebate
to be extremely or very important to their decision to install a Level 2 charger.29 Due to the
variable and often high cost for installing EVSE at MUD sites, a specific installation rebate may
be an effective policy tool to ease the cost barrier and expand PEV access.
To increase the cost effectiveness of rebates for EVSE installation, and to maximize the
adoption of PEVs at MUDs, we recommend requiring multiple PEV drivers per single MUD to
qualify. As reviewed in Chapter 4, the high variable costs for EVSE installations provide an
opportunity to share costs across multiple residences.
To accommodate a range of incomes, administrative entities could offer tiered rebates based on
consumer income levels. These types of progressive rebates have proven to be more costeffective, have lower total policy costs, and result in greater allocative equity.30 We recommend
designing rebate tiers so that they vary by household income or locational attributes such as
MUDs within disadvantaged communities.
Rebates for Level 1 charging can also be an effective option. If drivers at MUDs have access to
an outlet, the driver would only need to ensure that the outlet is connected to a panel with
sufficient electrical capacity for Level 1 charging. For this level of charging, we recommend a
program that partners with utilities and covers the cost for local electricians or electrical
engineers to review the electrical capacity of the panel and to conduct an overall assessment of
charging readiness. 31

5.2 Implement PEV-Ready New Construction Codes
Local jurisdictions can also set guidelines for remodels and new MUD construction that require
developers to provide Level 1 or 2 charging readiness. Many new building code examples exist
throughout California that can serve as models for the cities on the Westside. At a minimum,
local jurisdictions must implement the 2016 California Green Building Standards, which in
relation to PEVs in MUDs states, at least “3% of the total number of parking spaces provided for
all types of parking facilities, but in no case less than one, shall be electric vehicle charging
spaces (EV spaces) capable of supporting future EVSE.”32 Beyond that minimum, local
28

Center for Sustainable Energy. California Plug-in Electric Vehicle Driver Survey Results – May 2013.

29

Ibid.

30

Sheldon, Tamara L., J.R. DeShazo, Richard T. Carson, and Samuel Krumholz. 2016. Factors Affecting
Plug-in Electric Vehicle Sales in California. Accessed August 2017 from
http://innovation.luskin.ucla.edu/content/factors-affecting-plug-electric-vehicle-sales-california
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A utility’s primary role can be to be responsive to annual peak load requests per site.

32

California Department of Housing and Community Development. 2016. “Residential Mandatory
Measures Effective January 1, 2017.” Accessed October 2017 from
http://www.hcd.ca.gov/building-standards/calgreen/docs/HCDSHL605_2016.pdf
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jurisdictions can require a greater number of PEV ready parking spaces. The city of Los
Angeles, for example, has a Green Building Code (Chapter IX, Article 9, of the Los Angeles
Municipal Code), which mandates newly constructed multi-family dwelling (larger than 2 units)
to provide Level 2 ready outlets at 5 percent of the total number of parking spaces.33
Unfortunately, much of the residential land use in the Westside Cities subregion is already built
out. If new construction codes were adopted by the cities in the subregion, it would take many
years at current construction rates for a significant percentage of MUDs to be capable of
providing PEV charging access. Thus, this policy tool should not be adopted in isolation of the
other policy tools discussed in this chapter.

5.3 Expand Public Charging Opportunities for MUD Residents
Local governments can also provide alternative public charging sites in locations such as cityowned parking lots. Strategic siting of Level 2 or DC Fast Chargers near clusters of MUDs may
provide an option for multi-unit dwellers who cannot charge at home. To ensure reliable access
to a charger, local governments may need to also administer a charging program that
coordinates charging sessions among potential users.
The City of Torrance, for example, launched the "One Mile, One Charger Project" with the goal
of expanding PEV infrastructure throughout Torrance so that a PEV driver is never more than
one mile from a charging station within the city.34 The city worked with ChargePoint to install,
operate, and maintain publicly accessible PEV charging infrastructure at six public locations
(e.g., parks, libraries, civic buildings, etc.). All sites included a minimum of two Level 2 charging
units and one DC Fast Charging unit.

5.4 Conduct Outreach to Encourage PEV / EVSE Investments at MUDs
The PEV remains a relatively new technology. Substantial sales of BEVs started only in 2010,
and most believe we are still in the very early stages of PEV adoption.35 As with many new
technologies, consumers have been hesitant to switch out their internal combustion engine
(ICE) for a PEV. Some of this hesitation can be rooted in the comfort level drivers have with the
ICE and/or the uncertainty, real or perceived, of new technologies, like range anxiety – the fear
of running out of battery power mid-trip. ICEs have been the dominant form of private
transportation for over a century. Its refueling infrastructure is robust and easily accessible.
Outreach and education can help address this hesitation and introduce potential PEV drivers to
the new technology by promoting its environmental and financial benefits as well as answering
common questions and concerns. From an EVSE in MUD perspective, the goal with outreach
and education is to drive demand for home charging among MUD residents, and shift the
investment motivation from the renter to the property owner, who may be motivated to attract
tenants by providing new amenities. With strong PEV adoption rates in the Westside Cities
33

City of Los Angeles. 2017. Official City of Los Angeles Municipal Code.
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City of Torrance. “EV Project.” Accessed August 2017 from https://www.torranceca.gov/ourcity/community-development/planning/ev-project

35

Sheldon, Tamara L., J.R. DeShazo, Richard T. Carson, and Samuel Krumholz. 2016. Factors Affecting
Plug-in Electric Vehicle Sales in California. Accessed August 2017 from
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subregion, as well as a large number of high-value MUDs (3,798 MUDs with an average unit
value of $500,000 or greater), the subregion may help lead this shift in investment motivation.
Outreach and education can include direct-mail initiatives, advertising, workshops, and enewsletters. Local governments and/or Southern California Edison should focus neighborhoodlevel outreach on MUDs, identified in Chapter 3, that are high-quality candidates because of
their estimated latent PEV demand. Outreach and education materials should focus on a series
of topics including:


New technology education, including available PEV models and associated lifespan,
electric mile range, and maintenance requirements; purchase or lease costs and
associated rebates; charging technologies such as Level 1 and Level 2 charging,
including a tool for estimating charging times (with Level 1 highlighted as a feasible
charging choice); and location of public chargers.



Environmental and financial benefits, including emissions avoided and fuel savings.



Charging in MUDs, including instruction on how to evaluate panel electrical capacity for
Level 1 (20-amp circuit with available panel capacity), Level 2 charging (40-amp circuit
with available panel capacity), and how to identify cost drivers for EVSE installation (as
reviewed in Chapter 4).
o

o

For Level 1 charging, instruction on how to verify available electrical capacity on
the house or unit panel by reviewing shared loads such as laundry machines,
pool pump, etc., as well as the annual peak load from the utility bill.
For Level 2 charging, instruction on how to evaluate installation cost drivers
including the distance from the electrical box or relevant electrical panel to the
PEV parking spot, and insight into the cost advantages of group purchases for
Level 2 charging installation including recommendations to survey other tenants’
interest in PEV ownership.



Renters’ rights, including information about California law SB 880 (Corbett), which
makes it illegal to impose any condition that “effectively prohibits or unreasonably
restricts” installation of charging equipment in an owner’s designated parking space, and
California law AB 2565 (Muratsuchi), which requires a lessor of a dwelling to approve a
request to install EVSE at a designated parking spot if the installation “complies with the
lessor’s procedural approval process for modification of the property.”



Westside specific benefits, including the cost and time savings that come from access
to high-occupancy vehicle (HOV) lanes, a benefit that has had a significant impact on
PEV sales.36



Specialized and culturally sensitive outreach and education including Spanishlanguage materials and income-adjusted rebate information, such as with the Enhanced
Fleet Modernization Program (EFMP) Plus-up Program (see below), for the
disadvantaged communities of the South Bay.

36

Sheldon, Tamara L., J.R. DeShazo, Richard T. Carson, and Samuel Krumholz. 2016. Factors Affecting
Plug-in Electric Vehicle Sales in California. Accessed August 2017 from
http://innovation.luskin.ucla.edu/content/factors-affecting-plug-electric-vehicle-sales-california
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Increasing adoption among low- and moderate-income households within disadvantaged
communities is a particular challenge but important to achieve the environmental equity goals of
California. Low- and moderate-income households are less likely to purchase new vehicles
(PEVs or otherwise) and many reside in MUDs without access to home charging.
To address this challenge, the California Air Resources Board (CARB) has launched a number
of initiatives under its Low Carbon Transportation Program aimed at expanding PEV adoption
among low- and moderate-income households. The EFMP Plus-Up program, for example
provides low-income households up to $12,000 for the purchase or lease of a battery electric
vehicle (BEV).37,38 In addition, individuals who purchase a BEV are eligible for up to $2,000 for
a charging unit. To qualify, the household must reside in a zip code that includes a
disadvantaged community census tract.
Additionally, Southern California Edison’s Charge Ready program — which aims to install up to
1,500 charging stations at parking sites where dwell times exceed four hours or at longer-term
parking sites including MUDs — will target at least 10% of its deployment within disadvantaged
communities.39
We recommend that city governments in the Westside Cities subregion, CARB, SCE, and the
South Coast Air Quality Management District collaborate to optimize outreach effectiveness by
conducting joint efforts within disadvantaged communities. Events such as “ride and drives” with
representatives from both programs can showcase the PEV as well as the significant savings
that can be realized when participating in both programs. Additional direct-mail campaigns and
workshops can promote both programs and the potential savings (see Section 2.6 for locations
of disadvantaged communities within the Westside Cities COG). Event staff and outreach
materials should be conscious of language and cultural barriers and adjust accordingly.

37

Includes the $2,500 Clean Vehicle Rebate Program (CVRP) rebate.
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California Air Resources Board. “Making the Cleanest Cars Affordable.” Accessed August 2017 from
https://www.arb.ca.gov/newsrel/efmp_plus_up.pdf
39

Edison International. “Charge Ready: A Plan for California.” Accessed O 2017 from
https://www.edison.com/home/innovation/electric-transportation/charge-ready-a-plan-for-california.html
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APPENDIX
Appendix 1. Propensity to Purchase Model Methodology
Researchers constructed the propensity to propensity-to-purchase model using statewide
survey data from the Clean Vehicle Rebate Project (CVRP), census tract level PEV registration
data from IHS Automotive, census tract level socioeconomic data from the 2011–2015
American Community Survey (ACS), and parcel level data from the Los Angeles County Office
of the Assessor. The model was constructed according to these five steps:
i.

First, researchers forecasted the number of PEV purchases per census tract based
on historical PEV purchases within that census tract between October 2015 and
September 2016. Here, researchers assume that as many PEVs that were sold
during the sample period will also be sold during the next 12-months (i.e., October
2016 through September 2017). All else equal, the likelihood that a household will
purchase a PEV increases with the total number of PEVs historically sold in that
household’s census tract.

ii.

Second, researchers computed the number of PEV purchases across different
income groups for each census tract. That is, how many of the total PEV purchases
will be made by households with annual incomes of less than $24,999, between
$25,000 and $49,999 and so on. To accomplish this, researchers applied the
distribution of CVRP rebates across household income brackets to the forecasted
total number of PEV purchases within a census tract. Here, researchers assume that
the income distribution of PEV buyers at the census tract level reflects that of CVRP
recipients statewide. Researchers also assume that the historical relationship
between income and PEV adoption will continue in the short run, such that the
majority of PEV purchases will be made by households with incomes above the
California median household income.

iii.

Third, researchers calculated the probability that a household belonging to a given
income group in a given census tract will purchase a PEV. This probability is simply
the forecasted number of PEVs purchased by that income group (as derived in the
previous step) divided by the number of households belonging to that that income
group (as obtained from ACS data). This probability can also be understood as the
PEV adoption rate for a particular income group. All else equal, the likelihood that a
household will purchase a PEV increases with the PEV adoption rate associated with
that household’s income group.

iv.

Fourth, researchers calculated the probability distribution of a household living in a
home of a given value belonging to the income groups from step 2. That is, the
chance that the occupant of a home worth $500,000 will have an annual income that
is less than $24,999, between $25,000 and $49,00, and so on. Researchers used
tract-level ACS data on the relationship between home value and household income
to complete this step. The operation is necessary because microdata on individual
household income in the study area is not available. Researchers assume that the
relationship between home values and income is transferable to condos and
apartments. Researchers also assume that the historical relationship between home
values and income will continue into the future, such that households with higher
incomes will occupy higher value properties.
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v.

Fifth, researchers estimated the probability that a household occupying a unit of a
given value in a given census tract will purchase a PEV in the next year. To do so,
researchers joined the data from the two previous steps, multiplying the probability
that a household will purchase a PEV given that household’s income by the
probability that the same household will occupy a MUD unit given that unit’s value.
Researchers then summed the resulting probabilities for each income group, yielding
an expected value of the probability that any given occupant of that unit might
purchase a PEV. In effect, the greater the value of a condo or apartment, the higher
the likelihood that the occupant has an income above the median, and the higher the
propensity-to-purchase score assigned to that unit.

After calculating propensity to-purchase scores for different property values, researchers then
assigned the scores to specific MUD parcels within the study region using parcel data from the
Los Angeles County Office of the Assessor. Propensity-to-purchase scores are assigned to an
MUD parcel based on an MUD’s average unit value (i.e., total property value divided by number
of units), rather than the MUD’s total property value.
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