
STAFF REPORT 
 
 
DATE:  February 21, 2017  
 
TO:   City Council 
 
FROM: Mike Webb, Assistant City Manager 
  Mitch Sears, Sustainability Program Manager 
 
SUBJECT: Adoption of Davis EV Charging Plan 
 
 
Recommendation 
1. Approve resolution adopting the Davis EV Charging Plan. 

 
2. Direct staff to prepare building code amendments consistent with the Plan. 

 
3. Find that the Plan is Categorically Exempt under the California Environmental Quality Act 

under Sections 15300.2 and 15311 as enabling the construction of accessory structures.  
 
Council Goal(s) 
The Davis EV Charging Plan is consistent with the Council Goal of pursuing environmental 
sustainability.  Specifically the Plan enacts Council Goal 3, Objective 1.B, Complete EV 
Readiness Plan.  In addition, the Plan helps implement Council Goal 3, Objective 4 to prioritize 
implementation of the Climate Action and Adaptation Plan (CAAP Mobility Objective 2, Action 
1: decarbonization of the transportation sector).  
 
Fiscal Impact 
The City and its partners applied for and received a $200,000 EV Readiness planning grant from 
the California Energy Commission in 2013.  The City contributed a 20% local match adding an 
additional $40,000 to complete the market based demand model and draft plan.  Adoption of the 
plan will not result in any direct cost to the City but does position the City to apply for additional 
grant funds to implement the plan. 
 
Background 
In 2013 the State adopted its Zero Emission Vehicle (ZEV) Action Plan to accelerate the electric 
vehicle market in order to reduce emissions and pollution.  The ZEV Plan calls for 1.5 million 
plug-in electric vehicles (PEV), to be on California’s roads by 2025.  Analysis by the UC Davis 
Institute of Transportation Studies shows that based on current adoption rates for Davis, the City 
is likely to receive a higher proportional share of the State’s total resulting in an almost 10x 
increase of local PEV ownership by 2025 (Figure 1). 
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Figure 1: Davis Plug-in Electric Vehicle (PEV) Ownership

 
Notes: BEV 200:  Battery Electric Vehicle – 200 mile battery range 
 PHEV 40:  Plug-in Hybrid Electric Vehicle – 40 mile battery range  
 
Currently there are 25+ publically accessible Level 2 and 3 DC Fast chargers serving Davis.  In 
August 2013 the California Energy Commission (CEC), issued a call for grant proposals to fund 
local Alternative Fuel Readiness Plans.  Recognizing the need to plan for this expected increase, 
the City, partnering with the UC Davis Institute of Transportation Studies, Cool Davis, and the 
Valley Climate Action Center, successfully applied for funding to prepare a local plan.  The plan 
was designed to achieve the following objectives: 
 

 Increase the availability of public chargers to maximize plug-in vehicle miles traveled. 
 Increase the number of plug-in vehicles sold and used in the city for private and public 

applications. 
 Prepare for the integration of EV’s and the grid to improve grid balancing and stability. 
 Reduce local GHG emissions from the transportation sector. 
 Reduce local air pollution from the transportation sector. 

 
In addition, the City and its partners recognized that there are emerging technologies and trends 
that are rapidly changing how people and goods will move in the future.  Cleaner fuels (e.g. 
electricity), distributed electrical generation (e.g. rooftop solar), energy storage, smart grids (e.g. 
vehicle to grid power sharing), autonomous vehicles, lower personal vehicle ownership rates, etc. 
all have the potential to reduce transportation related emissions while expanding mobility 
options.  Given this rapidly changing mobility landscape, the Plan is focused on providing an EV 
charging infrastructure that is compatible with a variety of future needs.  
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Policy Setting 
The draft Plan was developed to be consistent with the City’s Climate Action and Adaptation 
Plan and General Plan Transportation Element by enabling the use of cleaner transportation 
fuels.  The Plan also provides an important link between the City’s transportation, land use, and 
energy policy objectives.  As outlined below, the Plan aligns the transition to electrified 
transportation through local land-use planning policies and building code support for EV 
infrastructure.  This enables a local Community Choice Energy program to design rates to 
encourage adoption of PEV’s while providing electricity grid services (e.g. load balancing to 
help accommodate higher levels of renewable energy on the grid).    
    
Analysis 
Plan Elements 
The Plan is designed to inform local public and private sector decisions related to the installation 
of electric vehicle charging infrastructure and addresses the following key elements: 
 

A. Demand forecast. 
B. Development standards. 
C. Best practices for EV charger siting and pricing. 
D. Short-term implementation actions. 

 
1. Demand forecast. 
Future demand is the foundation for the recommendations included in the draft Plan.  The 
demand model description and supporting research are detailed in Section 3 of the Plan and its 
appendices.  In summary, Drs. Gil Tal and Michael Nicolas from the UC Davis Institute of 
Transportation Studies Plug-in Hybrid and Electric Vehicle Research Center designed a four step 
modeling tool to estimate the demand for charging events in the City.  The tool included: (1) a 
market demand model for state and local PEV adoption, (2) a destination charging model to 
estimate workplace charging demand, (3) a DC fast charging model based on inter-city travel, 
and (4) a model that matched activity based results with City land-use designations to predict the 
number of chargers needed by land use type and location.  
 
The demand model was informed and calibrated by local information gathered by the project 
team at multiple public outreach and feedback events with community members and PEV users.  
The events included small focus groups, meetings with business groups, direct outreach to PEV 
users, and community “ride and drive” events. 
 
Figure 1 above summarizes the output of the demand forecast model. 
 
The pyramid figure below (Figure 2), shows the general proportion of the frequency of where 
charging is forecast to take place in Davis. The recommendations included in the Plan are 
organized on this general rank-ordered charging system approach.  As the figure shows, most 
local charging is forecast to occur at home during the early years of the Plan.   
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Figure 2 Charging systems ranked by Frequency of Use 

 
 
While the current forecast is that the majority of charging takes place at home during non-work 
hours (evenings/weekends), a long-term goal is to transition charging times to mid-day when 
electricity generation is cleanest and PEV’s could assist with balancing of the electricity grid.  
Therefore, over time, daytime Workplace charging may become more common than Home 
charging in a solar-heavy generation mix.  However, until pricing incentives are established by 
utilities and Community Choice Energy programs, the Plan assumes most charging will take 
place at home. 
 
Utilizing socio-economic data and land-use patterns, the Plan forecasts EV ownership across the 
City and recommends the number of EV chargers needed to serve the demand.  The forecast 
demand was mapped and is included in the Plan.  These maps guide the City and the private 
sector on how to effectively serve EV charging demand in each quadrant of Davis.  An example 
is shown in Figure 3 
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Figure 3 Number of Overnight Publicly Accessible Chargers needed by 2025 

 
 
The Plan assumes that not every owner will be able to install a charger or even have access to a 
regular plug at home (e.g. apartments).  Figure 3 shows the number and general location of 
Publically accessible chargers that would be needed by 2025 to serve PEV owners with limited 
or no access to Home charging.  For the purposes of the Plan, Publically accessible charging 
includes both chargers located in public parking areas and Workplace charging that is available 
to non-employees (generally for a fee after business hours).  Dual purpose charging locations 
create efficiencies and reduce the need for EV charging infrastructure. 
  
The Plan also includes analysis and mapping of demand for home charging, workplace charging, 
and DC Fast Charging which is shown below (Figure 4). 
 
 
 
 
 
 
 
 
 
 

Number of Public 
Chargers to meet 
2025 Demand 
Total: 163 
*See Plan  Table 6, 
Section 4 for additional 
detail on downtown 
charging  

21
33

6

1
1

1
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0

0

2
5

6

51*
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Figure 4 Fast charger approximate locations and numbers. 

 
   
 
2. Development standards 
The demand modeling informed Plan recommendations for new development projects.  
Consistent with the demand model, the recommended number of EV chargers required in 
development standards are based on two primary factors: 
 

1. Dwell time – how long a PEV driver will be staying at a location. 
2. Distance – how far the PEV traveled to the potential charging location. 

 
Generally speaking, longer vehicle dwell time locations are better suited for charging locations. 
 
The model and analysis provided the opportunity to integrate activity purpose from the 2012 
California Household Travel Survey (CHTS), to distance traveled and dwell time to develop an 
estimate of charging need by land use type.  This provides the basis for establishing planning and 
development standards for various land use types, including single-family residential, multi-
family residential and non-residential which are outlined below.  In addition, the model was 
applied to the mixed-use Core area to generate charging recommendations for the downtown.   
 
Staff and project partners translated the forecast demand to recommended planning and building 
standards as outlined below.  Note:  the draft Plan has been used to informally to guide 
developers that have requested assistance from the City regarding EV charging standards to 
incorporate into their projects.  The recommended standards would be incorporated into the 
building code and planning documents. 
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New Single and Multi-family 
Development Type Code Modifications Notes 
Single Family 
(1-3 units) 

Install wiring and electrical panel space to support 
Level 2 electric vehicle charging. 
 

This goes above 
current code and 
addresses key barrier 
for adding Level 2 
Home EV charger. 

Multi-family  
(4 or more units) 

Provide: 
 Level 1 charging at 5% of all required parking 

spaces; 
 Level 2 charging at 1% of all required parking 

spaces where more than 20 parking spaces are 
required; 

 Conduit adequate for Level 2 charging to serve 
or reasonably be extended in the future to 25% 
of all parking spaces; 

 Room in panel(s) and capacity to serve 20% of 
all parking spaces with Level 1 charging and 
5% of all parking spaces with Level 2 
charging. 
 

Addresses key barrier 
for EV use in 
residential rental 
settings. 

 
Non-Residential Standards 
Non-
Residential 
Land Use 
Category 

Required 
Parking 
Spaces  

EV 
Chargers 

Land use (From City Parking Code; City 
Code Section 40.25.090) 

Retail 0-10 0 1. Automobile or machinery sales and service 
garages 

2. Banks, post offices, business and 
professional offices 

3. Furniture and appliance stores, household 
equipment or furniture repair shop 

4. Launderettes 
5. Restaurants, beer parlors, nightclubs, and 

cardrooms 
6. Retail stores, shops, etc. 
7. Rooming and lodging houses 
8. Shopping center, neighborhood 
9. Shopping center, community 
10. Land uses where up to 50% of spaces 

serving employees. 

11-51 1 
52-102 2 
Every additional 
50 

+1 

Non-Retail 0-10 0 1. Group care homes 
2. Hospitals 11-26 1 
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27-42 2 3. Hotels and motor hotels, motels 
4. Manufacturing plants, research or testing 

laboratories and bottling plants 
5. Medical or dental clinics 
6. Rest home, sanatorium, convalescent home 

or hospital 
7. Wholesale establishments, warehouses 
8. Land uses where more than 50% of spaces 

serve employees. 

Every additional 
15 

+1 

Destination 0-10 0 1. Bowling alleys 
2. Churches, schools, day care centers and 

nursery schools 
3. Dance halls and assembly halls without 

fixed seats, exhibition halls except assembly 
rooms in conjunction with auditorium 

4. Funeral home, mortuaries 
5. Sports arenas auditoriums, theaters, 

assembly halls 

11-36 1 
37-62 2 
Every additional 
25 

+1 

 
Non-retail locations generally have longer vehicle dwell times and therefore have higher 
standards.  However, these locations also may meet a portion of their required EV charging with 
less expensive Level 1 chargers since employees and customers generally spend longer-periods 
of time at these types of land-uses (e.g. hotels). 
 
Most chargers are anticipated to be used by employees, while only a small number of the short 
parking time customers/visitors will need chargers.  
 
The Plan recognizes the role and benefits of chargers bringing business to downtown and 
therefore provides guidelines but not requirements for the Core Area.  In recognition of this 
benefit, the Plan recommends additional chargers at the short term and paid lots. The City may 
choose to make chargers in these locations free if customers/visitors pay for parking based on the 
assumption that their need for charging is likely low and the primary benefit would be the 
parking location and availability.  This approach can increase the standing of the Downtown as a 
destination for EV drivers. 
 
In addition, the EV charging recommendations for the downtown can inform the update of the 
Core Area Specific Plan that was recently directed by the City Council.  
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Downtown Charging  

Space Type Parking supply Chargers needed (Level 2) Where 

90-min only 35 1 H Street (between Second 
& Third) 

2-hr only 1,012 5 + additional to promote 
customer attraction 

Most of downtown (street 
& lots) 

3-hr / Daily 199 2 Parking structures 

Employee and/or 
shared (e.g. 90-min / 
X-permit) 

670 30 Downtown periphery, 
First & F garage 

Paid 56 1+ additional to promote 
customer attraction 

E Street Plaza lot 

Amtrak only 134 12+ additional to promote 
customer attraction 

Amtrak lot 

 
In addition, the City may consider the benefits of a full parking lot(s) that provide access to 
Level 1 charging at all parking stalls with no dedicated charging spaces (e.g. 120V EVSE on all 
parking lot light posts).  This would allow customers and visitors to receive low level charging 
with minimal operation and maintenance effort by the City or downtown merchants.   
 
3. Best practices for EV charger siting and pricing. 
The Plan provides best practices for City planners, developers, and property owners when 
designing or retrofitting parting areas.  Integrating key EV charging design features can reduce 
future costs to retrofit and help businesses and employers attract and retain customers and 
employees. 
 
The Plan includes the following best practices: 
 

 Best Practice #1  EV Charger location/parking design guidelines. 
 Best Practices #2 and #3 Charger spacing – placement within parking lot to serve 

multiple vehicles simultaneously and avoid conflicts with non-PEV parking. 
 Best Practices #4 and #5 Charger Level – selection of the proper charger for the 

location. 
 Best Practice #6  Pricing – what price and how to charge for charging, 

 
4. Short-term implementation actions. 
The Plan includes short-term actions intended to guide City efforts related to the installation of 
publically accessible charging in the first five years of the Plan.  The Short-term Implementation 
Actions (Section 7.6 of the Plan), are based on the research and analysis conducted for the Plan 
and are anticipated to be implemented by 2020.  The short-term actions are identified to provide 
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the City and its partners with guidance for charging infrastructure as resources become available.  
A total of 70 Level 2 and 3 DC Fast chargers spread across the City in key locations that serve 
multiple user types (e.g. workplace + supplemental home charging) are included.  This represents 
approximately 32% of the estimated 2025 demand for workplace charging. 
 
 
 
Davis EV Charging Plan – Short-term Actions 
City Region Location Charger 

Type 
Number Description/Primary Purpose 

Central City Hall Level 2 
networked   

4 Workplace/supplemental home 
charging for nearby rental 
housing.  Upgrade 2 existing 
Level 2 chargers; add 2 
additional Level 2 chargers. 

Central City Hall DC Fast  1 DC Fast Charge local network. 
Located at existing water well to 
minimize infrastructure costs. 

Central University Mall – Central 
Davis 

Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing. 

Central Davis High 
School/Veterans 
Memorial Center/Yolo 
County Public 
Library/Community – 
Central Davis 

Level 2 
networked   

8 Visitors/workplace/ 
supplemental home charging for 
nearby rental housing. 

Central Market Place Shopping 
Center  

Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing/Highway 
113 Corridor travelers. 

Downtown Downtown Davis – E 
Street Parking Lot 

Level 2 
networked   

2 Upgrade existing Level 2 
charger.  Customer 
attraction/workplace. 

Downtown Downtown Davis – Core 
Area USDA/F Street 
Parking Garage 

Level 2 
networked 

6 Workplace/customer 
attraction/supplemental home 
charging for nearby rental 
housing. 

Downtown Downtown Davis – Core 
Area Cinema/G Street 
Parking Garage 

Level 2 
networked 

4 Workplace/customer attraction/ 
I-80 Corridor travelers. 

Downtown Downtown Davis – E 
Street Parking Lot 

Level 2 
networked   

2 Upgrade existing Level 2 
charger.  Customer 
attraction/workplace. 
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City Region Location Charger 
Type 

Number Description/Primary Purpose 

Downtown Downtown Davis – Train 
Station Parking Lot 

Level 2 
networked   

4 Upgrade 2 existing Level 2 
chargers; add Level 2 chargers.  
Workplace/ Customer attraction/ 
Capitol Corridor travelers/I-80 
Corridor  

    travelers. 
West Arroyo Park Swimming 

Pool Parking – West 
Davis 

Level 2 
networked 

1 Visitors/supplemental home 
charging for nearby rental 
housing. 

West Westlake Shopping 
Center – West Davis 

Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing. 

West West Manor Park – West 
Davis 

Level 2 
networked   

1 Visitors/Supplemental home 
charging for nearby rental 
housing. 

NW Sutter Davis 
Hospital/Medical Offices 
– Northwest Davis 

Level 2 
networked  

2 Workplace/ visitors/Highway 
113 Corridor travelers. 

NW Sutter Davis 
Hospital/Medical Offices 
– Northwest Davis 

DC Fast 1 Highway 113 Corridor 
travelers/workplace/ visitors. 

North Central Cannery Commercial 
Center – North Central 

Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing. 

North Central Wildhorse Golf Course – 
North Central 

Level 2 
networked   

1 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing. 

     
East Davis Police Department Level 2 

networked 
3 Police Department Fleet. 

East Davis Public Works 
Department – 1717 5th St 

Level 2 
networked 

2 Public Works Department Fleet. 

East Davis Parks Department 
– 1818 5th St 

Level 2 
networked 

2 Parks Department Fleet/Fleet 
Service Shop. 

East Slide Hill  Park Level 2 
networked 

1 Visitors/supplemental home 
charging for nearby rental 
housing. 

East Davis Joint Unified 
School District 
Corporation Yard – East 
Davis 

Level 2 
networked 

2 School Fleet. 

East Cantrill Business Center 
– East Davis 

Level 2 
networked  

2 Workplace/ visitors/I-80 
Corridor travelers. 

East Manor Shopping Center – 
East Davis 

Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
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City Region Location Charger 
Type 

Number Description/Primary Purpose 

nearby rental housing. 
East Nugget Shopping Center 

– East Davis 
Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing. 

South Playfields Park – Sports 
Complex 

Level 2 
networked 

1 Visitors/supplemental home 
charging for nearby rental 
housing. 

South Safeway Shopping Center 
– South Davis 

Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing. 

South Kaiser Permanente 
Medical Offices – South 
Davis 

Level 2 
networked  

2 Workplace/ visitors/I-80 
Corridor travelers/ supplemental 
home charging for nearby rental 
housing. 

South Drew Avenue Business 
Center – South Davis 

Level 2 
networked  

4 Workplace/ visitors/I-80 
Corridor travelers. 

South Nugget Shopping Center 
– South Davis 

Level 2 
networked   

2 Customer attraction/workplace/ 
supplemental home charging for 
nearby rental housing/I-80 
Corridor travelers. 

South Nugget Shopping Center 
– South Davis 

DC Fast 1 I-80 Corridor travelers. 

 Totals  70 Level 
2; 

3 DC 
Fast 

 

  
Though no funding commitment is made by adopting the Plan and these short-term actions, the 
City positions itself for partnerships and other funding opportunities as they become available.  
For example, to meet a grant deadline, Staff recently submitted a proposal to the Electrify 
America EV charging program using the short-term implementation actions to estimate the 
funding need (approx. $2M). 
 
CEQA 
Staff finds that adoption of the Plan does not create direct environmental impacts and indirectly 
leads to minor impacts associated with the installation of chargers.  The indirect impacts are 
categorically exempt as accessory structures under CEQA Section 15311.  Further, under CEQA 
Section 15300.2, Staff finds the Plan is exempt in that: (a) the chargers will not be located in 
environmentally sensitive areas, (b) the Plan would not create cumulative impacts over time that 
would be considered significant, (c) the Plan would not create unusual impacts that would be 
considered significant, (d) the Plan does not result in damage to scenic resources, (e) the Plan 
would not create impacts associated with hazardous material sites, and (f) the Plan would not 
create impacts on historical resources. 
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Next steps 
If adopted, the Plan would begin to serve as the City’s guide for new development proposals and 
become a resource for property owners seeking information and guidance about best design 
practices for EV charging.  In addition, the Plan would serve as the basis to purse funding for 
implementation of the City’s EV charging goals.  Staff would return to Council with specific 
Plan related code amendments as part of a future batch of code amendments. 
 
Attachments 
1. Draft Davis EV Charging Plan 
2. Resolution 
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City of Davis Electric Vehicle Charging Plan 
 

How To Use This Document 
The Davis EV Charging Plan (Plan) forecasts local PEV demand and establishes standards and 
guidelines for the installation of charging infrastructure to meet that demand.  The demand for 
charging is driven by two primary factors: (1) the demand created by plug-in electric vehicle (PEV) 
drivers, and (2) the role of PEVs in helping balance the electricity grid (i.e. taking power when it’s 
abundant and releasing it when it’s not).  The Plan enhances local PEV planning efforts by informing 
local decisions on the number, type, and location of chargers associated with different land use 
types.    
 
This document was designed for City planners and code officials as well as developers and property 
owners seeking guidance on how to meet customer, tenant, and employee demand for charging.  
The primary focus of this Plan is on the installation of PEV charging infrastructure, also called electric 
vehicle supply equipment (EVSE).  Section one of this document provides an overview of the policy 
basis for the Plan. Section two contains a review of PEV and EVSE technology as well as the 
deployment of PEVs and EVSE in Davis.  Section three describes the PEV demand model that informs 
the standards, design guidelines, and best practices found in Sections four and five.  Section six 
provides practical information related to signage while Section seven looks past the current demand 
to suggest where the City and its partners could look for future opportunities to enhance and 
further integrate the Davis EV charging system into the community.   
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EXECUTIVE SUMMARY 
The 2010 Davis Climate Action and Adaptation Plan (CAAP) sets community Greenhouse Gas (GHG) 
reduction goals to reach zero net carbon by 2050.  The CAAP includes specific short-term objectives 
to increase efficiency of passenger vehicles and achieve measurable fuel switching to continue 
Davis’ transition to a low carbon mobility system.  Plug-in electric vehicles are a key component in 
achieving this goal. 

The Davis EV Charging Plan (Plan) is an implementation document for the CAAP. It provides guidance 
for choosing and siting charging infrastructure and guide its installation and pricing.  Overall 
community demand modeling for PEV charging over the next ten years and potential  future 
interactions between the electricity grid and electric vehicles are the foundation for the Plan. These 
drive both its policy level recommendations as well as the prescriptive measures for new 
development.  The specific objectives of the Plan are: 
 

 Increase the availability of public chargers to maximize plug-in vehicle miles traveled. 
 Increase the number of plug-in vehicles sold and used in the city for private and public 

applications. 
 Prepare for the integration of EV’s and the grid to improve grid balancing and stability. 
 Reduce local GHG emissions from the transportation sector. 
 Reduce local air pollution from the transportation sector. 

 
Sections 1 and 2 of the Plan provide background while Section 3 outlines the demand modeling that 
informs the policy and development standards found in Section 4.  Section 5 recommends best 
practices related to specific site design and pricing that are anticipated to be useful to City planners, 
developers, property owners, business owners, and employers wishing to install chargers.  Section 6 
addresses sign requirements and basic EV charging etiquette guidelines.  Section 7 outlines future 
considerations and opportunities related to PEVs.  The central organizing principle of the Plan is to 
establish a well-designed data driven local charging system that meets the current and future needs 
of Davis and visitors to the community.   
 
Key Findings: 
 Demand forecast should include both direct PEV demand as well as the role of PEVs in balancing 

the electricity grid (Vehicle to Grid – V2G). 
 Direct PEV demand and pricing strategy is driven by three primary factors: (1) parking dwell 

time, (2) distance traveled, and (3) vehicle battery size. 
 In the near term most charging will take place at home; V2G is likely to shift charging patterns 

toward non-home charging as variable renewable energy generation increases (e.g. solar), and 
value is established for the role PEVs play in grid balancing and stability. 

 Half of Workplace charging can be satisfied with Level 1 charging due to parking dwell time. 
 
Key Recommendations: 
 Modify CalGreen standards for Davis to incorporate differentiation for PEV charging installation 

requirements based on land use. 
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 In recognition that V2G based demand will increase in the future, prior to 2020, require 
minimum number of network-ready Level 2 chargers with 50% of the total Workplace chargers 
installed as part of original construction and 50% prewired for future installation.  Post 2020, 
require all chargers to be installed as part of original construction. 

 Unless creating incentives for employees, tenants, customers, or V2G interconnections, chargers 
should generally be priced equal to the cost to charge at home to encourage need-based 
charging and discourage convenience-based charging.   
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Section 1: Vision, Goals, and Objectives 
More than 50% of local carbon emissions in Davis are directly linked to the transportation sector 
(Davis Greenhouse Gas (GHG) inventory 2008, updated 2013).  The Davis Electric Vehicle Charging 
Plan (Plan) sets standards and provides guidance that implement local transportation sector carbon 
reduction objectives.  Local action, in turn, contributes to the State’s carbon emissions reduction 
goals. 
 
Section 1 outlines the local and State policy foundation that supports the implementation actions 
included in the Plan.    
 
1.1 Local Vision 
The 2010 Davis Climate Action and Adaptation Plan (CAAP) sets community Greenhouse Gas 
reduction goals to reach zero net carbon by 2050.  The CAAP includes specific short-term objectives 
to increase efficiency of passenger vehicles and achieve measurable fuel switching to continue 
Davis’ transition to a low carbon mobility system.  Plug-in electric vehicles are a key component in 
achieving this goal. 
 

Davis 2050:  “Alternative transportation becomes the “normal” way for Davis residents to travel 
and fossil fueled vehicles become collectors’ items that are only seen in the annual 
“Sustainability Days” parade through the downtown.” 
  

- Davis Climate Action and Adaptation Plan – 2010 
 
The Davis EV Charging Plan incorporates State and local goals and implementing actions to transition 
from a fossil fueled based transportation system to one dominated by low/no carbon fuel sources.  
With this Plan, the City is addressing the practical day-to-day issues related to current vehicle 
charging needs while also looking over the horizon to anticipate and plan for future advancements 
related to decarbonizing the transportation system (e.g. vehicle to grid connection, matching EV 
with rooftop solar, electrified autonomous vehicles, etc). 
  
1.2 City Goals 
Climate Action and Adaptation Plan  
The GHG inventories conducted by the City in establishing its climate goals show that the 
transportation sector accounts for more than half of local GHG emissions.  Therefore, actions that 
address transportation-related GHG emissions are vital to the CAAP’s success.  The CAAP includes 
the following specific local goals and actions related to lowering GHG emissions from the 
transportation sector:  
 

CAAP Transportation Goal: Increase the overall efficiency of passenger vehicles operated by 
Davis residents by 5% (over new Federal fuel economy standards). 
 Develop a plan to de- carbonize personal transportation in Davis 
 Develop medium speed Neighborhood Electric Vehicle (NEV) program (35 mph) 
 Create local incentives and financing opportunities for the purchase of high efficiency 

vehicles and the retirement of inefficient vehicles. 
 Provide increased parking for fuel efficient vehicles (e.g. permit system) 
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 Work with local vehicle dealerships to promote local participation in any State and/or 
Federal programs established to encourage the purchase of high efficiency vehicles and the 
retirement of inefficient vehicles. 
 

General Plan Transportation Element  
In 2013, the City of Davis updated its General Plan Transportation Element to improve local mobility 
while reducing reliance on fossil fuels.  A primary goal of the updated Element is to evolve the local 
transportation system to meet future mobility needs while improving air quality, reducing carbon 
emissions, and boosting public health.  The City will implement these goals by planning for, 
encouraging, and developing infrastructure to increase the use of clean, energy-efficient, active (i.e. 
human powered), and economically sustainable means of travel. 
 

Transportation Element Goal: Reduce carbon emissions from the transportation sector by 61% 
by 2035. 
 Promote the use of electric vehicles and other low-polluting vehicles, including NEVs. 
 New development shall include infrastructure for electric vehicles consistent with the future 

growth in the number of electric vehicles. 
 Establish charging stations, preferably employing sustainable energy generation, for electric 

vehicles in public parking lots in accordance with the future growth in the number of electric 
vehicles. 

 Require residential development to pre-install wiring necessary to support electric vehicle 
charging. 

 Develop medium-speed NEV program (35 mph). 
 

The City has integrated various clean fuel technologies in its vehicle fleet and has invested in electric 
vehicle infrastructure, with several public charging stations located within the City. The City has 
purchased electric vehicles, hybrid vehicles, and fuel-flexible sedans that can run on any 
combination of methanol, ethanol and gasoline.  
 
Based on the General Plan and CAAP policies, pre-wiring and charging stations for electric and plug-
in electric vehicles (PEVs) are being installed with new development.  The City of Davis adopted 
CalGreen Tier 1 building standards in 2015 which dictate the number of EV Capable parking spaces 
required in new or altered parking lots.   
 
A key recommendation of the Davis EV ChargingPlan is to modify the City’s code requirements for 
EV Capable and EV Ready parking spaces based on the findings of the model developed for the Plan.  
The Plan also recommends modification of these existing CalGreen standards as they apply to 
Electric Vehicle Supply Equipment (EVSE) installation in Davis while also suggesting best practices to 
ensure that infrastructure supports both adoption and utilization of EVs. 
 
1.3 State Goals 
In response to threats posed by climate change, the State of California has adopted ambitious goals 
to reduce greenhouse gas emissions pursuant to AB 32. The current goals of the California Climate 
Strategy include a 50% reduction in petroleum use in vehicles (Figure 1).With transportation being 
such an integral part of the State’s economy as well as a major source of emissions, Governor Brown 
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has put an emphasis on establishing cleaner vehicle technologies, reducing vehicle miles traveled, 
and the development of low carbon fuels.  
Figure 1: California Climate Strategy Vision & Goals 

 
 (http://www.arb.ca.gov/cc/pillars/pillars.htm) 

 
In 2012, Governor Brown issued an Executive Order that included benchmarks and goals on the path 
to reducing emissions from the transportation sector. Figure 2 summarizes the key objectives of the 
Executive Order and lays out the path for action by the State.  The Zero Emission Vehicle (ZEV) 
Action Plan was created in 2013 to implement the Executive Order and accelerate the electric 
vehicle market in order to reduce emissions and pollution.  The Davis EV Charging Plan is a local 
response to the Governor’s direction that all “Californians will have easy access to ZEV 
infrastructure” by 2025.   
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Figure 2: ZEV Action Plan Benchmarks

 
 
In addition, the Executive Order directs that: 

 All state agencies support and facilitate the rapid commercialization of ZEVs in California. 
 Greenhouse gas emissions from the transportation sector  be 80% less than 1990 levels by 

2050. 
 The state fleet increase the number of ZEVs in the fleet through gradual vehicle 

replacement. 
 By 2015, ZEVs  make up at least 10% of fleet light-duty vehicle (LDV) purchases. 
 By 2020 at least 25% of fleet light-duty vehicles (LDV) purchases  be ZEVs. 

(Reference Executive Order B-16, 2012) 
 
As noted, the City of Davis EV Charging Plan is consistent with and helps implement Executive Order 
B-16, 2012 and the ZEV Action Plan.  
 
1.4 Davis EV Charging Plan Objectives 
The key objectives of the Plan are to: 

 Increase the availability of public chargers to maximize plug-in vehicle miles traveled. 
 Increase the number of plug-in vehicles sold and used in the city for private and public 

applications by providing a local charging infrastructure system. 
 Prepare for the integration of EV’s and the grid to improve grid balancing and stability. 
 Reduce local GHG emissions from the transportation sector. 
 Reduce local air pollution from the transportation sector. 
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In addition, the City and its partners recognize that there are emerging technologies and trends that 
are rapidly changing how people and goods will move in the future.  Cleaner fuels (e.g. electricity), 
distributed electrical generation (e.g. rooftop solar), energy storage, smart grids (e.g. vehicle to grid 
power sharing), autonomous vehicles, lower personal vehicle ownership rates, etc. all have the 
potential to reduce transportation related emissions while expanding mobility options.  Given this 
rapidly changing mobility landscape, this plan is focused on providing an EV charging infrastructure 
that is compatible with a variety of future needs.  
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Section 2: Background 
 

The UC Davis Institute for Transportation Studies (ITS), developed a model to forecast local demand 
for EV charging.  Using socioeconomic data and direct community engagement, the City and its 
partners were able to estimate the number and type of PEVs in Davis over the next ten years.  In 
addition, current research indicates that EV charging is positioned to play a key role in allowing 
greater amounts of intermittent renewable power (e.g. solar and wind), to be accommodated by the 
electricity grid.  As a battery on wheels, an EV can take electricity from the grid when renewables 
produce more than the normal demand and put it to use or store it.  This can help “balance the grid” 
by better aligning electricity demand with renewable power generation.  
 
Overall, the analysis found that demand for EV charging in Davis is expected to increase by nearly 10 
times by 2025.  The model incorporates state, regional, and local inputs to develop the demand 
forecasts.  The Plan sets the community on a path to meet this demand, making it more practical for 
Davis residents, visitors, and travelers to use low/no carbon vehicles while reinforcing a balanced 
electricity grid.  Specifically the Plan is designed to inform local decisions related to the installation 
of electric vehicle charging infrastructure.  These decisions are driven by several key factors: (1) the 
type of vehicle and capacity of the battery, (2) the ability to provide cost effective charging 
infrastructure, (3) the current and projected demand in different sections of the City, and(4) the 
future need for connection of EV’s to the grid (Vehicle to Grid or V2G).  This section of the plan 
provides basic background information on the types of vehicles and their current charging needs.  
Note:  Detail on the model and associated standards are provided in Section 3 (Davis EV Charging 
Demand Model), and Section 4 (Davis EV Charging Needs by Land Use Type). 
 

2.1 PEV 101  
Plug-in electric vehicles (PEVs) operate on battery power and are recharged with electricity from the 
grid. While there are multiple types of PEVs, they are typically divided into two categories, battery 
electric vehicles (BEVs) and plug in hybrid electric vehicles (PHEVs).  Figure 3 shows the general 
types of PEVs and are listed from smallest battery capacity to largest. 
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Figure 3: Types of Plug-in Electric Vehicles 

 
 *Note: “ICE” – Internal Combustion Engine 
 
Types of Chargers 
There are three basic types of Electric Vehicle Supply Equipment (EVSE), also referred to as a 
“charger” in this document, currently available on the market.  While acknowledging the 
development of new charging systems (e.g. wireless), the Plan focuses on the charging systems that 
are likely to be the most common over the next ten years. 
 

 Level 1 charging provides AC electricity to the vehicle from 120V either from an outlet or a 
hardwired EVSE. It takes longer to charge, but does not require the installation of a 
dedicated charging station and can be used by all types of PEVs. 

 Level 2 charging provides AC electricity to the vehicle at 208V/240V. It does require a 
charging station (EVSE), but takes less time to charge than level 1. 

 DC Fast charging provides DC electricity at typically higher power than AC outlets for faster 
charging. It requires significant investment in infrastructure and installation and can only be 
used by some PEVs. 
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Figure 4 shows the standardized J1772 system and the two most common DC Fast standards 
(excluding Tesla).  Table 1 provides additional detail on average charging times and range associated 
with each level of charging.  All of these factors are important considerations in designing a 
community charging system that meets current and future demand. 
 
Figure 4:  Charger Types  

 
 
Table 1: Types of Plug-in Electric Vehicle Chargers  
Charging 
Level 

Power Supply 

  

  

Charger Power Miles of 
Range/Hour of 
Charge 

Charging Times 

BEV PHEV 

Level 1 120 VAC 

Single Phase 

1.4kW @ 12 
amp (on-board 
charger) 

~3-4 ~17 Hours ~7 Hours 
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Level 2 240 VAC 

Single Phase 

up to 19.2kW 

(up to 80 
amps) 

3.3 kW (on-
board) 

~8-10 ~7 Hours ~3 Hours 

6.6+ kW (on-
board) 

~17-20 ~3.5 Hours ~1.4 Hours 

DC Fast 200-450 VDC 

up to 90 kW 

(~200 amp) 

45kW (off-
board) 

~50-60  ~30-45 
Minutes (to 
~80%) 

~10 
Minutes (to 
~80%) 

 
As noted, different vehicle types have different charging needs.  The charging times for typical BEVs 
and PHEVs are shown in Table 1.  BEVs typically charge at 6.6kW or higher depending on the 
capability of the charger.  PHEVs are able to operate solely on gasoline when the battery runs out, so 
are unlikely to use fast charging often due to typically higher cost versus gasoline and the fact that 
few PHEVs currently have the capability to fast charge.  The speed of charging may also be less 
critical for PHEVs than BEVs as the batteries are smaller and a gasoline engine is available when the 
battery depletes.  Conversely, due to the relatively small size of its battery, a PHEV needs to charge 
more frequently.  Finally, current PHEVs typically charge at 3.3kW (half the rate of BEVs) meaning 
that every charger that is designed to provide 6.6kW is underutilizing capacity if it is being used 
primarily to charge PHEVs.  This is expected to become less of an issue over time as PHEVs with 
extended range enter the market in the next several years (i.e. PHEV 40+).  These different needs 
and capabilities among vehicles in the context of parking dwell times shows a need for a mix of 
charging types.   
 
2.2  Profile of Davis PEV Ownership 
Currently there are approximately 500 PEVs in Davis, with over 200,000 operating in the State.  
Based on modeling and ownership demographics compiled by Institute for Transportation Studies, 
Davis is projected to have 4,500 PEVs by 2025 (See Appendix A).  This means that between 15% to 
20% of Davis households will have a least one plug-in electric vehicle in operation by 2025. The Plan 
is designed to accommodate this increase in PEV ownership and improve the availability of local 
charging.  Figures 5 and 6 summarize model projections for the total number of PEV’s and sub-types 
in Davis and California based on their battery range (e.g. BEV 200 = a battery electric vehicle with a 
range of 200 miles).  This differentiation of range is an important factor in determining the demand 
for different levels of charging.  
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 Figure 5: Davis PEV Ownership

 
 
Figure 6: California PEV Ownership 
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2.3  Charging Demand - Basics 
Charging can generally be split into four main categories: (1) Home, (2) Work, (3) Public, and (4) DC 
fast charging.  The first three categories of charging are location based while DC fast charging is 
typically related to the need of long-distance travelers needing quick charging to continue or 
complete their trip.   The categories are listed generally in terms of the frequency of need, but usage 
depends greatly on availability and how charging is priced.  The pyramid figure below (Figure 6), 
shows the general proportion of the frequency of where charging is forecast to take place. The Davis 
EV Charging Plan is organized on this rank-ordered charging system approach with most local 
charging assumed to be occurring at home in the near term.   
  
Figure 6 Charging systems ranked by Frequency of Use 

 
 
 
While the current forecast is that the majority of charging takes place at home during non-work 
hours (evenings/weekends), a long-term goal is to transition charging times to mid-day when 
electricity generation is cleanest and EV’s could assist with grid balancing.  Therefore, daytime 
Workplace charging may become more common than Home charging in a solar-heavy generation 
mix.  However, until this generation transition to greater renewable energy mix takes place and 
pricing incentives are established by utilities and Community Choice Energy programs, publicly 
accessible charging is assumed to serve a supplementary role for those with home charging. 
 
With the exception of DC Fast, the charging categories are related to the location where an activity 
takes place.  In place-0based chargers, the amount of time a vehicle is parked is the primary factor in 
determining the level of charging provided.  At Home and Workplace, with the greatest parking 
times, both level 1 and level 2 chargers can be effective depending on the vehicle battery size.  
Public chargers include any non-work purpose where parking times are typically an hour or less, 
such as customer parking in retail settings.  An example of Public charging in Davis is the Level 2 
charger in the E Street Parking Lot that primarily serves customers of downtown businesses.  
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It should be noted that the categories are not mutually exclusive.  For example, workplace chargers 
in a downtown setting may be utilized by nearby residents after business hours, effectively 
converting a Workplace charger to a Home charger after employees no longer need the parking 
space.  Additionally, a Workplace charger that is publicly accessible may also be used by retail 
shoppers if the activities are co-located.   And, although DC Fast is generally thought of as a charger 
to connect nearby metropolitan regions together along a highway corridor, they can also be useful 
near home, work and retail centers to supplement local charging needs.  With thoughtful design and 
pricing, these charging relationships can be mutually beneficial and optimize the use of chargers. 
   
Home Charging 
Currently, home charging is a mix of Level 1 and Level 2 chargers.  Based on a 2015 UC Davis survey, 
Level 1 Home charging is generally more popular for PHEVs with Level 2 being more popular for BEV 
drivers.  Level 1 charging at home is relatively inexpensive and can be an important transition 
strategy even for those who plan to install Level 2 home charging at a later date (e.g. with other 
home upgrades).  Additionally, when BEV owners reside in rental housing they may not have the 
option to install Level 2 charging, creating greater demand for DC Fast charging and Level 2 charging 
elsewhere in the community.   
 
Workplace Charging 
As shown in Figure 6 above, the need/demand for Workplace charging ranks highly due to longer 
travel and parking dwell times generally associated with this category.  Because of the long parking 
dwell times, Level 1 charging can generally be expected to satisfy 50%-80% of workplace charging 
needs.  In Workplace settings, a high proportion of Level 2 chargers can provide flexibility to meet 
both employee demand and  needs associated with shorter parking dwell times such as customers 
or clients.  In addition, Level 2 charging at workplaces  addresses the electricity grid issues noted 
above.  Note:  Section 5 of the Plan provides greater detail on Workplace charging, including best 
practices associated with pricing, mix of charger types, and parking lot placement. 
 
Public Charging 
Public charging is a broad category encompassing all charging occurring outside of the Home and 
Workplace charging categories.  Similar to Workplace charging, the primary determining factors for 
Public charging demand are vehicle range/technology, parking dwell time and travel distance from 
home.  In addition, the research and demand model that supports the Plan’s recommendations 
indicate that there are a wide variety of use cases that help determine the type, location, and 
number of chargers needed in this category.  These use cases range from long distance travelers 
along the I-80 corridor to sporting events with long parking dwell times to a local convenience store 
with short parking dwell times and local customers.  For example, a retail center primarily serving 
local customers may choose to offer charging as a service to entice customers to spend a longer 
time in its stores rather than targeting  longer-distance travelers who may need charging to 
complete their trip.  This range of scenarios were assessed in the demand model and helped guide 
the implementation strategies included in the Plan.  Note:  Section 5 of the Plan provides greater 
detail on Public charging, including best practices associated with pricing, mix of charger types, and 
parking lot placement. 
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DC Fast Charging 
The need for DC Fast charging is assumed to arise from travelers along the highway corridors (I-
80/SR 113).  Though there may be local demand for convenience, the need identified in the model is 
associated with travelers with a driving distance that exceeds the battery range of their vehicle.  
In general there are three types of charging demand that might appear at DC Fast charging 
locations: 

1. Corridor Demand: primarily from travelers with a driving distance that exceeds the battery 
range; 

2. Workplace Demand: primarily from commuters who use fast charging stations near their 
workplace as an alternative to Level 1 or 2 workplace chargers when they are all occupied; 

3. Home Demand: primarily from BEV drivers who use fast charging stations near their home 
as an occasional supplement to home chargers or when they need to charge their BEVs in a 
short period of time. 

 
The Plan is designed to optimize charging infrastructure planning and implementation in Davis by 
balancing multiple factors that determine the demand for charging in particular locations.  Based on 
the modeled demand, the Plan provides guidance on locating DC Fast chargers to achieve the 
highest benefit with the lowest investment.  Note:  Section 4 of the Plan provides additional detail 
on the recommended number and locations for DC Fast Chargers.    
 

2.4  Current Locations  
Currently there are over 25 Level 2 charging spaces and 3 DC Fast chargers in Davis, including the UC 
Davis campus.  Selection of the locations of these existing chargers was generally based on the 
opportunity to install a charger and the availability of funds.  The Plan will allow for a more 
deliberate, data-driven pro-active approach to selecting and installing the correct chargers where 
they can provide the greatest benefit.  Figure 7 shows the current location of Level 2 and DC Fast 
chargers in Davis which are generally located in retail settings except those located on the UC Davis 
campus that generally serve as Workplace chargers.  This information was a factor in determining 
the recommended locations for new chargers in the Plan. 
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Figure 7 Current Charging Locations in Davis 

 
http://www.plugshare.com/ 
 

Section 3: Model and Results for Davis 
The Davis EV Charging Plan forecasts the demand for charging infrastructure within the next 10 
years, allowing the City, businesses, and private property owners to plan for and install the optimal 
number and type of chargers in the most useful locations.  The Plan’s key findings and 
recommendations are based on a set of GIS modeling tools developed by the UC Davis Institute for 
Transportation Studies (ITS) to forecast the future PEV market and usage in California and Davis.  
 
Model design and inputs 
The model is based on publicly available market and census data and on surveys of PEV owners in 
Davis and across the state.  The approach utilized a four step modeling tool to estimate the demand 
for charging events in the city of Davis.  The tool included: (1) a market demand model for state and 
local PEV adoption, (2) a destination charging model to estimate workplace charging demand, (3) a 
DC fast charging model based on inter-city travel, and (4) a model that matched activity based 
results with city land-use designations to predict the number of chargers needed by land use type 
and location.  A detailed description of the modeling tool and results are included in Appendix A.  

To provide additional local data and model calibration, the City, ITS, and Cool Davis conducted 
stakeholder meetings and public outreach events.  Details on outreach efforts and outcomes are 
included in Appendix B.   

With these inputs, the model was used to estimate the overall demand for local infrastructure 
needed to meet the City’s portion of the Governor’s goal of 1.5 million PEVs by 2025. The model 
estimated that about 4,500 households in the City overall will drive a plug-in vehicle as State sales 
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reach 1.5 million in 2025.  These results indicate that Davis is expected to have a larger percapita 
share of PEVs than average across the State, which is reflected by current sales.  These forecast 
results are generally based on Davis’ above-average household incomes, its share of detached 
houses, and the general environmental attitudes adopted by residents.   
 
With an understanding of the total number of forecasted PEVs in 2025, the question turned to 
where the demand was most likely to occur.  To derive more specific location-based demand, ITS 
applied a PEV Market Demand tool to simulate the geographic dispersion of various new car buying 
and PEV buying scenarios in the City, including new and used BEVs and PHEVs (see Appendix A). The 
tool estimates the number of vehicles per census block group, given the 1.5 million PEV vehicles 
expected in California and Davis-specific demographic data.  The forecasted distribution of Davis 
households with PEV’s in 2025 is shown in Figure 8.  
 
In addition to Household forecasts, analysis of employee, customer, and visitor demand based on 
land-use type and patterns allowed the City and its partners to forecast the number, type and 
locations of chargers needed across the community.  Specific attention was given to the demand 
generated in the downtown core area due to its importance as a cultural, entertainment, and 
commercial center for the City.  Each of the four main categories of charging are examined below – 
(1) Home, (2) Workplace, (3) Public, and (4) DC fast.  Note, the forecast numbers and locations 
included in the maps below (Figures 8-11) provide planning level guidance and should not be 
considered prescriptive.   
   
3.1  Home Charging 
As noted, home charging is anticipated to be the primary charging location for most PEVs.  The Plan 
provides a forecast of PEV households in 2025 by location. As detailed in Appendix A, the modeling 
for Home Charging indicates PEV penetration rates are highly correlated with income and single 
family housing but also effected by density and other local factors such as college student use 
of used PEVs.  The model combines these factors with  commute trips and average travel patterns 
to estimate the demand for home charging.  The model projects that most PHEVs will use a 120V 
outlet and that Level 2 charger installation at private homes will be associated with BEVs since the 
benefit of Level 2 home charging is higher with the larger batteries typically found in full battery 
electric vehicles.  Overall the model estimates approximately 1,400 home Level 2 chargers will be 
installed in Davis in the next 10 years The projection can be altered if the anticipated market 
composition changes particularly as more affordable longer range vehicles enter the market. 
 
The model forecast provides important information about likely demand for home charging.  
Specifically, this modeling information: (1) informs the City and utility as they make electricity load 
forecasts and infrastructure planning decisions, (2) provides the City and its partners the 
opportunity to develop targeted messaging and outreach where PEV households are most likely to 
occur, and (3) provides the City and researchers the ability to track location-based PEV adoption 
over time and compare to this forecast. 
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Figure 8 - Percentage of PEV households forecast by 2025, based on census track.  

 
 

3.2  Publicly Accessible Charging 
The model assumes that not every owner will be able to install a charger or even have access to a 
regular plug at home (e.g. apartments).  Figure 9 shows the number and general location of 
Publically accessible chargers that would be needed by 2025 to serve PEV owners with limited or no 
access to Home charging.  For the purposes of the Plan, Publically accessible charging includes both 
chargers located in public parking areas and Workplace charging that is available to non-employees 
(generally for a fee after business hours).  Dual purpose charging locations create efficiencies and 
reduce the need for EV charging infrastructure.   
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Figure 9 Number of Overnight Publicly Accessible Chargers needed by 2025 

 
 
The model estimates Publically accessible charging demand based on PEV owners’ charging needs 
that cannot be met at home.  In addition, as shown in Figure 9, the model distributes the demand 
for Publically accessible chargers across the City with higher concentrations in areas with renters, 
apartment complexes and areas with high ratios of student households.  This is due primarily to the 
limited ability of PEV owners to either install or access charging in rental housing. 
 
While the Plan does not mandate the installation of Public chargers in certain areas of the City, it 
does indicate the geographical distribution of charging needs and allows the City to assess if 
adequate charging infrastructure is being provided.  Further, if the private sector does not provide 
an adequate number or opportunities for Public charging, the Plan provides the basis for the City to 
pursue resources (e.g. grants), and/or modify development standards to meet the forecasted 
demand. 
   
In addition, since Publically accessible charging supplements Home charging, the Plan assumes that 
Public charging will be priced equal to Home charging or adjusted down in the future if oversupply 
of renewables are cheaply available at certain times of day.  As detailed in the Workplace charging 
description below, pricing has a significant effect on the demand for chargers.  In general, pricing 
charging equal to Home charging reduces the demand for Public charging by 50% since PEVs drivers 
are more likely to charge only when necessary and not out of simple convenience.      
 

Number of Public 
Chargers to meet 
2025 Demand 

Total: 163 

*See Table 6, Section 4 
for additional detail on 
downtown charging  

21
33

6

11

10

0

0

25

6

51*
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3.3  Workplace Charging 
Workplace charging is the next highest demand after home charging.  As detailed in Appendix A, 
Workplace charging primarily serves drivers who commute to Davis since commuter vehicles are less 
likely to be able to make the return trip home on electricity without additional charging.  Demand 
for Workplace charging was estimated using statewide survey data to determine distances 
employees travel to their workplace.  In addition, as noted, energy policy objectives and the 
availability of lower priced renewable energy during mid-day, are anticipated to result in future 
price adjustments designed to encourage PEV drivers to charge during the day.  This will have the 
effect of increasing future demand for Workplace charging.   However, if an employee driving a BEV 
can make the round-trip from home to work on a single charge with some safety margin and 
Workplace charging is priced more than Home charging, commuters will not utilize Workplace 
charging on a regular basis. 
 
Given these considerations, overall demand for Workplace charging, including future projection for 
interconnection of PEVs with the electricity grid, is shown in Figure 10.  Note:  This assumes all 
chargers are level 2. 
  
 
Though not recommended, free charging can generate notable benefits.  For example free 
Workplace charging can: 

 Stimulate market demand for PEVs by 2-8 percent (reference).   
 Simplify administration of charging infrastructure since there are no fees paid to charging 

network operators to administer the fee mechanism. 
 Provide an employee benefit to attract/retain employees.  
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Figure 10 Workplace Chargers 2025 

 
 

3.4  Fast Charger Locations  
Fast chargers are designed to primarily serve vehicles traveling to or through Davis.  The fast charger 
estimate is calculated by examining the 2012 California Household Travel and Charging Survey to 
determine the likely origin/destination distances a plug-in vehicle is traveling when it passes through 
or arrives in Davis.  This determines how many drivers will be low on range adjusted for vehicle 
range.  Additionally some demand is added based on overflow Home and Workplace charging 
demand. The total number and general location of recommended Fast chargers are shown in Figure 
11. 
 
 
 
 
 
 
 
 
 
 

Workplace Chargers 
to meet 2025 
Demand 

Total: 269 

*See Table 6, Section 4 
for additional detail on 
downtown charging  

14
75

23

10

38

0

0

42
51*

16
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Figure 11 Fast charger approximate locations and numbers. 

 
 
The zone boundaries are approximate and are meant to reflect the demand along Highway 113 and 
Interstate 80.  In general, Fast chargers should be located near the freeway, but 1 or 2 could be sited 
along major arterials such as Pole Line Road that are slightly farther from the freeway.  Priority site 
location is determined by a combination of electrical capacity and appropriate land use.  For 
example, shopping centers near the freeway are an ideal Fast charger location since they support a 
variety of activities (restaurants, shopping, etc.), that travelers can utilize while they charge.  This 
approach also can stimulate local economic activity.  
 
3.5  Customer Demand - Link to Land Use Type 
As noted above, the Plan provides guidance on the type, number, and general location of chargers 
for Home, Workplace, Public, and Fast chargers.  An additional  factor is the demand for Workplace 
and Public charging generated by customers and visitors to commercial and industrial locations.  The 
model estimated the additional charging demand generated by customers by activity type and 
linked the results to the City’s land use designations.  This is an often neglected consideration since 
this category of charging is variable in dwell time and duration.  The model and analysis provided the 
opportunity to integrate activity purpose from the 2012 California Household Travel Survey (CHTS), 
to distance traveled and dwell time to develop a California- wide estimate of public charging need 
by land use type.  The details of this analysis are included in Appendix A.  
 
By combining these factors and linking these activities with land use categories, the City was able to 
incorporate customer and visitor demand into the recommended development standards detailed 
in Section 4 of the Plan.  In addition, Table 3 below can serve to inform analysis by the City and 
property owners in estimating the demand for charging for existing non-residential properties.  For 
example, if a property owner simply wishes to upgrade an existing shopping center with multiple 
businesses, Table 3 can help estimate the demand for PEV charging. In general, land uses with 
longer dwell times where customers travel from greater distances generate greater demand for 
charging.  For example, a convention center that regularly hosts day-long events generates a higher 
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demand than a bank or retail store that primarily serves local customers.  In recognition that 
commercial and industrial buildings often transition to new uses over time and that the best 
opportunity to make a site “EV ready” is at the time of construction, the Plan recommends that low 
cost PEV readiness measures be incorporated into new non-residential and multi-family projects.   
 
Table 3 Charging events by Davis land use code   

Land use Public Charging Events per 100 EV customers 
Automobile or machinery sales and service 
garages 1.24 
Banks, post offices, business and professional 
offices 0.97 
Bowling alleys 6.16 
Churches, schools, day care centers and 
nursery schools 3.32 
Dance halls and assembly halls without fixed 
seats, exhibition halls except assembly rooms 
in conjunction with auditorium 16.54 
  Funeral home, mortuaries 5.14 
Furniture and appliance stores, household 
equipment or furniture repair shop 4.44 
Group care homes 5.71 
Hospitals 5.71 
Hotels and motor hotels, motels, 10.91 
Launderettes 0.97 
Manufacturing plants, research or testing 
laboratories and bottling plants 0.00 
Medical or dental clinics 5.71 
Rest home, sanatorium, convalescent home 
or hospital 3.32 
Restaurants, beer parlors, nightclubs, and 
cardrooms 7.33 
Retail stores, shops, etc., 2.16 
Rooming and lodging houses 0.00 
Shopping center, neighborhood 2.16 
Shopping center, community 2.16 
Sports arenas auditoriums, theaters, 
assembly halls 16.54 
Wholesale establishments, warehouses, 4.44 
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Section 4: Development Standards  
Section 4 presents development standards to implement the City’s EV Charging infrastructure goals  
based on the planning level demand findings outlined in Section 3.  These standards modify the City-
adopted California Energy Code Tier 1 requirements for EV charging.  This section also provides 
guidance for implementation of EV charging infrastructure for the mixed-use downtown Davis area.  
Note: Section 5 of the plan provides guidance and a planning tool for property owners who wish to 
add charging to existing locations. See Section 5 for specific recommendations regarding parking lot 
design and pricing considerations. 
 
4.1  Standards – Non-Residential 
Consistent with the demand model, the number of EV chargers required in the development 
standards are based on two primary factors: 
 

1. Dwell time – how long a PEV driver will be staying at a location. 
2. Distance – how far the PEV traveled to the potential charging location. 

 
An additional consideration for workplace charging is the mix of employees and customers/visitors.  
A higher percentage of employees generally indicates the need for more chargers since they will 
typically be at the location for extended periods of time whereas customers/visitors will typically be 
at a location for more limited periods of time and are less likely to come from far away. For 
consistency, EV charging standards for non-residential land uses are based on land uses included in 
the City’s parking standards.  These non-residential land uses are grouped into three categories with 
similar characteristics for dwell time, distance, and employee/customer mix.  Generally, locations 
with higher employee numbers equate to a higher ratio of chargers per required parking spaces.  
 
As noted in Section 3.5, the model and analysis provided the opportunity to integrate activity 
purpose from the 2012 California Household Travel Survey (CHTS), to distance traveled and dwell 
time to develop a California- wide estimate of public charging need by land use type.  Table 3 
summarizes the application of these estimates to Davis land use types found in the City’s parking 
standards.  This provides the basis for establishing the standards shown in Table 4 below.  As these 
standards are applied to new development projects, the City and its partners will have the ability to 
assess if the numbers and distribution are generally consistent with the information presented in 
Figures 9 and 10.  If they do not, the City will have the basis to adjust its standards.  
 
Table 4 Non-Residential Standards 
Non-
Residential 
Land Use 
Category 

Required 
Parking 
Spaces  

EV 
Chargers 

Land use (From City Parking Code; City Code Section 
40.25.090) 

Retail 0-10 0 1. Automobile or machinery sales and service 
garages 

2. Banks, post offices, business and professional 
offices 

11-51 1 
52-102 2 
Every additional +1 
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50 3. Furniture and appliance stores, household 
equipment or furniture repair shop 

4. Launderettes 
5. Restaurants, beer parlors, nightclubs, and 

cardrooms 
6. Retail stores, shops, etc. 
7. Rooming and lodging houses 
8. Shopping center, neighborhood 
9. Shopping center, community 
10. Land uses where up to 50% of spaces serving 

employees. 
Non-Retail 0-10 0 1. Group care homes 

2. Hospitals 
3. Hotels and motor hotels, motels 
4. Manufacturing plants, research or testi ng 

laboratories and bottling plants 
5. Medical or dental clinics 
6. Rest home, sanatorium, convalescent home or 

hospital 
7. Wholesale establishments, warehouses 
8. Land uses where more than 50% of spaces 

serving employees. 

11-26 1 
27-42 2 
Every additional 
15 

+1 

Destination 0-10 0 1. Bowling alleys 
2. Churches, schools, day care centers and nursery 

schools 
3. Dance halls and assembly halls without fixed 

seats, exhibition halls except assembly rooms in 
conjunction with auditorium 

4. Funeral home, mortuaries 
5. Sports arenas auditoriums, theaters, assembly 

halls 

11-36 1 
37-62 2 
Every additional 
25 

+1 

Notes:  
1. All other non-modified Tier 1 standards for non-residential EV charging apply.  
2. All required charging is Level 2 with the exception of non-retail (Workplace) charging which can be 

satisfied by 50% level 1 chargers with 50% payment-ready level 2 chargers due to longer dwell times.  
Note:  calculations for total number of chargers shall be rounded up and rounding shall favor Level 2 
chargers. 

3. The first two chargers placed at non-retail (Workplace) locations must be payment ready Level 2 with 
subsequent chargers optionally Level 1. 

4. 50% of required non-retail (Workplace) chargers to be installed prior to issuance of Certificate of 
Occupancy if approved prior to January 1, 2020.  Remaining required chargers do not have to be 
installed at time of construction but must be pre-wired and have adequate electrical panel capacity 
for each future charger.  After January 1, 2020, all required chargers must be fully installed. 

5. Chargers should be placed to serve multiple parking spaces – see design recommendations in Section 
5. 
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6. EV charging parking spaces shall be included in the required number of parking spaces per Article 
40.25 of the City of Davis Zoning Ordinance.  If space is available in a parking lot, additional EV 
charging spaces may be installed beyond the minimum number required subject to review and 
approval by the Department of Community Development and Sustainability.   

7. Conversion of existing parking spaces for EV charging purposes shall be reviewed and approved by 
the Director of Community Development & Sustainability to assure a balance between full-size 
parking spaces, compact parking spaces and parking spaces for persons with disabilities. 
 

Table 5 below provides guidance on applying the standards for non-residential workplace (non-
retail) development projects. 

Table 5 – Non-residential Charger Requirements 

 
Note: L2: Level 2 Charger; L1: Level 1 Charger 

4.2  Standards - Residential 
As noted, Home charging is the most common type of charging that will occur in Davis.  The 
following standards modify Tier 1 of the California Energy Code for the installation of EV chargers in 

Charger Requirement
1 Option  1 Wiring L2

Charger L2

2 Option  1 Wiring L2 L2
Charger L2

3 Option  1 Wiring L2 L2 L2
Charger L2 L2

Option 2 Wiring L2 L2 L1
Charger L2 L2

4 Option  1 Wiring L2 L2 L2 L2
Charger L2 L2

Option 2 Wiring L2 L2 L1 L1
Charger L2 L2

5 Option  1 Wiring L2 L2 L2 L2 L2
Charger L2 L2 L2

Option 2 Wiring L2 L2 L1 L2 L1
Charger L2 L2 L1

6 Option  1 Wiring L2 L2 L2 L2 L2 L2
Charger L2 L2 L2

Option 2 Wiring L2 L2 L1 L2 L1 L1
Charger L2 L2 L1

10 Option  1 Wiring L2 L2 L2 L2 L2 L2 L2 L2 L2 L2
Charger L2 L2 L2 L2 L2

Option 2 Wiring L2 L2 L2 L1 L1 L2 L2 L1 L1 L1
Charger L2 L2 L2 L1 L1
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new residential development projects.  The following modifications to the Tier 1 standards for new 
development are recommended: 
 
 
Table 5 Residential Standards 
Development Type Tier 1 Modifications Notes 
Single Family 
(1-3 units) 

1. Single Family Residential development required to 
pre-install 8 Gauge wiring plus reserve room in 
electrical panel necessary to support Level 2 
electric vehicle charging. 

 

1. Addresses key barrier 
for adding Level 2 
Home EV charger. 

Multi-family  
(4 or more units) 

1. Multi-family Residential development projects 
are required to provide: (1) Level 1 charging at 
5% of all required parking spaces with a 
minimum of 2 parking spaces served, (2) Level 
2 charging at 1% of all required parking spaces 
where more than 20 parking spaces are 
required with a minimum of 1 parking space 
served, (3) conduit adequate for Level 2 
charging to serve or reasonably be extended in 
the future to 25% of all parking spaces, and (3) 
room in panel(s) and capacity to serve 20% of 
all parking spaces with Level 1 charging and 
5% of all parking spaces with Level 2 charging.  
Notes: (1) properly located, a single charger 
can serve multiple parking spaces; (2) 
Reasonable future extension of conduit would 
not include the removal or trenching of 
hardscaped surfaces or areas where mature 
trees would be expected to establish (e.g. 
pavement, tree wells, etc.) 
 

1. Addresses key barrier 
for EV use in 
residential rental 
settings. 

Notes:  
1. All other non-modified Tier 1 standards for residential EV charging apply.  
2. Chargers in Multi-family residential settings should be placed to serve multiple parking spaces – see 

design recommendations in Section 5. 
3. Level 1 in the context above is defined as a 20A 120V circuit and Level 2 is defined a 40A 208V/240V 

circuit 
4. Level 1 is defined as a 120V hardwired EVSE not a household outlet. 
5. Monitoring equipment to properly charge tenants is encouraged at multi-family locations 
 
4.3  Davis Downtown Chargers 
Downtown Davis has a mix of activities and mixed parking uses.  Utilizing the Downtown Parking 
Study (2013) and the existing land use mix, the need for chargers in the downtown area was 
modeled based on the different land uses served and parking times allowed.  Overall, if chargers in 
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the downtown are priced equal to home charging and chargers are provided to accommodate 
Vehicle to Grid integration as recommended, 51 Level 2 chargers will be needed to meet the 
demand of  customers, employees, and visitors including users who substitute for Home charging. 
Table 6 details the need of chargers by location and parking time. Most chargers are anticipated to 
be used by employees, while only a small number of the short parking time customers/visitors will 
need chargers.  
 
Table 6: Downtown Charging  

Space Type Parking supply Chargers needed Where 

90-min only 35 1 H Street (between 
Second & Third) 

2-hr only 1,012 5 + additional to 
promote 
customer 
attraction 

Most of downtown 
(street & lots) 

3-hr / Daily 199 2 Parking structures 

Employee and/or shared 
(e.g. 90-min / X-permit) 

670 30 Downtown periphery, 
First & F garage 

Paid 56 1+ additional to 
promote 
customer 
attraction 

E Street Plaza lot 

Amtrak only 134 12+ additional to 
promote 
customer 
attraction 

Amtrak lot 

 
The Plan recognizes the role and benefits of chargers bringing business to downtown. In recognition 
of this benefit, the Plan recommends additional chargers at the short term and paid lots. The City 
may choose to make chargers in these locations free if customers/visitors pay for parking based on 
the assumption that their need for charging is likely low and the primary benefit would be the 
parking location and availability.  This approach can increase the standing of the Downtown as a 
destination for EV drivers.  In addition, the City may consider the benefits of a full parking lot(s) that 
provide access to Level 1 charging at all parking stalls with no dedicated charging spaces (e.g. 120V 
EVSE on all parking lot light posts).  This would allow customers and visitors to receive low level 
charging at minimal operation and maintenance effort by the City or downtown merchants.   
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Section 5 Site Specific Recommendations 
When planning a new parking area or retrofitting an existing parking area, providing key EV charging 
design features can make the difference between a missed opportunity and a high performing lot 
that can adapt to future needs.  This Section considers factors such as charger placement, charging 
level, and pricing and provides developers and planners with best practices to achieve desired 
outcomes. 
 
5.1  Parking Lot Charger Placement 
The placement of chargers in a parking lot has four main considerations: visibility, reducing conflict 
with gasoline vehicles, reducing conflict with PEVs that do not need to charge, and maximizing the 
number of spaces that can be reached with a charging cord.  These considerations apply equally to 
retail and workplace charging. 
 
Some businesses choose to place stations in prominent locations convenient to a business entrance.  
This strategy is employed oftentimes to demonstrate environmental values and provide a perk to 
those  with similar values.  The location of existing electrical service, which is often next to a 
building’s entrance, also has a strong influence on charger placement. 
 
 Placing chargers convenient to entrances, however can create conflict with non-PEVs and even with 
PEV drivers who do not need charging but desire a better parking place.  Placing chargers near the 
entrance should be done with the knowledge that it is mostly a parking perk and not the most 
effective charging strategy.  If it is done, a higher charging price or shorter parking time limit relative 
to other charging spaces is an effective strategy to discourage unnecessary use of these prized 
parking spaces.  
 
Best Practice #1  EV Charger Location.  Adopt a “charging-first strategy” and ensure that a majority 
of chargers are not near business entrances unless they are for those with disabilities.  Combining 
the perk of charging with the perk of preferential parking increases the likelihood of a charging 
space being occupied by PEV users that may not need to charge.  Locating chargers in spaces less 
likely to be used by other vehicles is a more effective strategy to provide reliable charging to those 
who actually need it and discourage those who do not.  
 
In Figure 12, Location 1 may have the best access to electrical power, but is a popular parking place 
creating conflict.  Location 3 creates the least conflict with other vehicles and is the best location to 
ensure that charging is dependably available for those that need it. A mixed strategy such as 
Location 2 can also be employed where some EV charging  spaces are convenient to provide a perk 
with more dependably available charging located elsewhere. 
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Figure 12 Charger Parking Lot Location Options  

 
 
Best Practice #2 Charger spacing.  If possible, a charger should be placed to reach as many spaces as 
possible.  While Location 3 in Figure 12 provides the least conflict, Location 2 provides the greatest 
reach for a single charger because it is in the middle of an island surrounded by parking.  In this 
example, one charger can reach up to eight spaces.  This allows for employees to stay in one space 
all day and the next charger user simply moves the cord instead of moving the car.  Moving vehicles 
mid-day to allow for other people to charge is often impractical at the workplace.  Figure 13 shows 
that by placing a charger in Location 2 between parking stalls b, c, g and h allows the charger to be 
accessed by those four spaces.  In many cases, depending on the type of charger that is installed, 
spaces a, d, f and i can also be reached.  If a charger is able to be reached from multiple spaces the 
need for time restrictions and reserved parking diminishes.  Note:  at a minimum it is prudent to sign 
at least two spaces per charger as reserved for EVs. 
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Figure 13 Spaces reached per charger 

 
Best Practice #3 Number of spaces per charger.  Initially Location 2 may have only one charger, but 
as demand grows, two chargers reaching spaces b, c, g, and h provides parking flexibility.  Although 
4 or even 8 chargers could be mounted at location 2, the best practice is to limit spaces per charger 
to 2.  If a, d, f and i are reachable, then increasing chargers at location 2 is possible, but this requires 
stretching cords or perhaps backing into spaces, so should be avoided if other options are available.  
Finally, chargers should be placed between spaces and recessed to reduce the chance that vehicles 
will hit them. If they are placed directly in front of a space, bollards can be used to protect the 
chargers. 
 
5.2  Selecting Appropriate Charging Levels 
As outlined in Section 2, there are many different speeds of charging available and the speed 
needed is a function of the vehicle capabilities, travel distance, and parking dwell time.   
 
Best Practice #4 Charger Level.  If a vehicle travels a significant distance relative to its battery range 
and only has a short amount of time to spend at a location (e.g. 30 min), Fast charging will be 
needed.  Conversely, if a vehicle travels from a medium to far distance away, but has many hours to 
charge, Level 1 or Level 2 is appropriate.  Many times a mix of charging speeds with different prices 
maximizes the use of a given panel capacity and minimizes cost. 
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For retail applications, parking dwell time is relatively short so Level 2 is appropriate in most cases.  
For very long dwell times level 1 can be used.  For workplace applications up to 50% can be Level 1, 
with the rest being Level 2.  Additional variables to consider: 
For practical purposes, Level 2 requires that drivers move their vehicle after 4 hours or move cords 
to allow the next driver to charge.  Often this extra effort to move cars or cords makes Level 1 an 
attractive option for many users if accompanied with no parking time limits. 
Level 1 maximizes panel capacity.  On a 200 amp 3-phase electrical panel, 8-9 Level 2 chargers can 
be installed, while 40 Level 1’s can be installed with the same service. 
All other factors being equal, research indicates that PEV drivers prefer Level 2 charging.  To 
encourage self-selection, Level 2’s should be priced higher than Level 1 service or have shorter 
parking time limits.  In some cases, Level 1 has been given away for free as the slow speed limits 
overuse. 
 
Best Practice #5 Consider charger options.  Power splitting chargers and chargers responsive to 
signals from the grid may be important options to consider for certain needs/objectives of property 
owners.  Power splitting chargers take a Level 2 and divides the power among all the vehicles 
plugged into the unit.  When one vehicle is plugged in, full power goes to one vehicle.  When two 
vehicles are plugged in, half of the power goes to one vehicle and half to another.  If vehicle to grid 
services are desired or there is a differential electricity rate at a certain time of day, some chargers 
can “listen” for a signal to take advantage of these time windows.  If timing is important, Level 2 
chargers can deliver more energy in a short amount of time and are better than Level 1 for this 
application. 
 
5.3 General Guide - Cost of Installation, Hardware, and Administration 
Table 4 EVSE installation and hardware costs 

 
Simple chargers tend to be on the low end of the range and “smart”/networked chargers tend to be 
on the upper end of the price range.  For workplace scenario purposes we assume the cost of 
installation and hardware is distributed over 10 years and the costs are as follows. 
Table 5 Upfront charger costs for charger scenario  
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Administration for the networked charger is assumed to be $250/year.  Electricity is $0.12/kWh and 
Paid charging is assumed to be $0.165/kWh.  Level 1 chargers are assumed to be actual EVSE not 
simply wall outlets. Level 2 serves 2 vehicles per day.  As shown in Table 6 below, to serve 10 people, 
the number of chargers decreases if drivers are charged since only those who need charging will 
plug in.  In many cases those who do not need charging never plug in.  Using these assumptions, the 
general cost of installing and operating a charging station can be estimated.  
Table 6 Charger Installation and Operation Cost Estimates 

 
Using these assumptions, the total cost to serve 1 car with free level 1 chargers is $338/car/year, 
free level 2 is $434/car/year and with paid charging, $157/car/year.  If there were 1000 workers 
commuting to Davis in PEVs, it will cost employers $338,000/year to serve those cars with free 
electricity on level 1 with 800 chargers (amortizing the cost of those chargers over 10 years).  Under 
a paid scenario, an extra $0.045/kWh on top of electricity cost of $0.12/kWh will create a payback 
equal to the cost of administration making the chargers cost neutral if the cost of the charger is 
negated.  However $0.165/kWh will not be an attractive price to many with low gasoline prices, so 
demand must be continually adjusted as gas prices rise and fall.  A price higher than home charging 
and lower than gasoline per mile is a reasonable target range.  This means that a charger price 
closer to $0.12-$0.13 cents/kWh might be targeted to encourage beneficial use.  At this price, 
however, the cost of charging will not cover the yearly administration costs in many cases. 
  
Downtown Davis has metered paid parking at the E Street lot between Second & Third Streets.  If 
chargers are free for those who pay the parking, about $3.00 in electricity cost must be recovered 
per day plus $0.32 for the amortized cost of the charger hardware.  Other solutions exist for retail 
such as making the first 2 hours free and then charging money after two hours have elapsed.  This 
creates a situation where drivers will want to stay in the Downtown for up to 2 hours to 
shop/dine/etc., but also move so others can charge when they have completed charging. 
 
5.4  Price to Charge 
The decision whether to charge money for the charging service has many considerations.  Free 
charging can attract business to a retailer with the value of the electricity dispensed less than the 
amount of profit made on the customer.  Further free charging may spur vehicle sales 2%-8%.  Free 
charging is easier to administer as the chargers are cheaper and there is no network fee to monitor 
and no money to collect. 
 
Best Practice #6 Consider the advantages and disadvantages of free charging 
Advantages: 
Attract business to a retailer with the value of the electricity dispensed less than the amount of 
profit made on the customer.   
Spur vehicle sales 2%-8%.   
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Minimize administrative costs since the chargers are cheaper and there is no network fee to monitor 
and no money to collect. 
 
Disadvantages: 
Requires a host site to install 3-4 times as much infrastructure to serve the same number of vehicles 
since people will use the free charging even when they do not need it.   
 Increases congestion.  Chargers are always occupied to the point that a vehicle that actually 

needs to charge will cease to depend on it at that location. 
   

 Decreases the incentive for a site host to install more charging, as the electricity and hardware 
are simply costs with no return. 
  

The business model for charging does not provide high margins if gasoline prices are low. Charging 
for charging however can be used to limit the cost downside while still providing people a lower cost 
per mile than a gasoline vehicle.  Figure 15 shows the break-even costs of electricity at various 
gasoline prices for four vehicles.  The Leaf is compared to a standard Prius at 50 MPG. 
 
Figure 15 Break even costs of electricity versus gasoline for 3 PHEVs and 1 BEV 
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At $2.00 per gallon the break-even costs range from 11 cents for the Plug-in Prius to 16 cents for the 
Chevrolet Volt.   If charging costs more than these amounts, gasoline will be cheaper on a cents per 
mile basis.  If the cost of gasoline is higher, then the break-even price of charging can go up.  
 
Pricing Considerations 
There are three basic methods to set rates for charging: 

1. Charge by energy (kWh).  This is similar in concept to charging by the gallon of gasoline. 
2. Charge by the hour. This is a way to charge for both parking and charging but favors BEVs 

over PHEVs with slower charging. 
3. Flat connection fee per charging event.  This has the effect of discouraging short charging 

sessions.   
 
For the purposes of comparing different pricing strategies, an average PG&E residential electricity 
rate of 16 cents/kilowatt hour is assumed.  Current PG&E residential rates can be found at: 
http://www.pge.com/tariffs/electric.shtml.  User costs are illustrated in Table 6. 
 
Table 6 User Cost/Pricing Methods 

 
 
Each vehicle has a maximum charging speed.  As Table 6 shows different vehicle models have a 
maximum number of kWh that can be transferred per hour.  The speed of charging and what type of 
plug-in vehicle type the City, business owner, or employer wants to encourage is a key consideration 
in determining a pricing structure for charging.  To illustrate, the pricing characteristics of the Plug-in 
Prius (PHEV) and Leaf (BEV) are outlined below. 
 

 Prius.  Maximum charge speed is 2kW even if the charger can provide power at more than 
2kW; in this example the Plug-in Prius receives 2kWh of energy every hour. 

 Leaf.  Maximum charge speed is 6.6kWh.  At this speed, it would be utilizing the full capacity 
of a typical charger 

 
If a flat rate is set at $1 per hour, the Prius will pay $0.50/kWh.  As shown in Figure 15 above, this is 
approximately 300% higher than the current price of gasoline  at $3/gal, which would incentivize a 
Prius Plug-in driver to charge at home.  By contrast, the Leaf charges at 6.6kWh, translating to a 
$0.15/kWh price for a flat $1/hr fee.  This rate is often lower than average home charging so a BEV 
driver would be incentivized to charge away from home.  Charging by kWh is the most economical 
for PHEVs with a slower charging rate, but the capacity of a Level 2 charger would be underutilized.  
An additional consideration is that charging a flat fee by hour can be easier to administer as it can be 
easily integrated into existing City parking enforcement or into an employer’s parking policy.  
However, if the goal is to displace gasoline, the effective $/kWh should be in the $0.13-$0.16 range. 
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Best Practice #7 Pricing.  Consider the objectives that the organization/business/property owner is 
trying to achieve and price charging accordingly.  Charging by kWh is most fair to PHEVs, but to 
promote BEV and PHEVs with larger batteries/electric range and to simplify administration, the Plan 
recommends that the City establish a price per hour fee for charging at Public chargers. 
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Section 6: Policies and Signage 
6.1  Signage    
The California Department of Transportation (Caltrans), has adopted the following regulatory and 
general information signs and pavement markings to guide and regulate PEV drivers.  To ensure 
consistency for PEV drivers, the Plan recommends that the City adopt the same sign standards and 
designs for PEV charging and parking. 

 
Figure 14 Parking and Charging Signage 

 

 
Additionally, signage should indicate whether the space is primarily for parking or charging and who 
is allowed to charge during which hours (eg. Some spaces many be reserved for employees or 
customers during business hours, but available to the public overnight). 
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6.2  Parking  
Enforcement 
The Plan recommends that the City of Davis update the City Code (Section 22.16 Electrical Vehicles 
and Car Share Vehicles), to set standards consistent with this Plan and allow for parking officials to 
enforce time limits and fees for EV charging spaces. Parking in spaces dedicated for EV charging by 
non-electric or non-hybrid vehicles shall be subject to parking enforcement action, i.e. towing at the 
owner’s expense.  
 
Accessible Parking/Charging 
In-lieu of established State standards regarding accessible charging, the Plan recommends that the 
City utilize the guidelines established by the California Plug-in Electric Vehicle Collaborative (PEV 
Collaborative).  The Collaborative’s Accessibility and Signage for Plug-in Electric Vehicle Charging 
Infrastructure report can serve as a policy for installing charging equipment serving accessible EVSE.  
The City will adopt State standards for accessible EV charging as new standards are approved. 
 
6.3  Fleet 
The State has set the following goals to increase the number of zero emission vehicles (ZEVs), in its 
fleet through gradual vehicle replacement. 
 

 By 2015, ZEVs should make up at least 10% of fleet light-duty vehicle (LDV) purchases. 
 By 2020 at least 25% of fleet LDV purchases should be ZEVs. 

 
The Plan recommends that the City adopt the same minimum goals for its fleet and investigate the 
feasibility of increasing the percentages.  Charging level and location decisions to serve the 
increasing number of City PEVs will be based on the findings in the Plan.  Consistent with the overall 
objectives, the City will investigate the feasibility of making its chargers available for Public charging 
after business hours and weekends and holidays. 
   
Current Fleet Ecosystem 
Many fleets in Davis have adopted alternative fuel vehicles in order to lower emissions, cut costs, 
and reduce environmental impact. Both Yolobus and Unitrans have converted the majority of their 
fleets to CNG buses. UPS deploys trucks fueled by natural gas to Davis. Davis Waste Removal has 
taken advantage of Clean Air Program grants to add CNG trucks to its fleet. Whole Foods is currently 
converting their delivery fleet to biodiesel as well as adding aerodynamic aprons and a system which 
allows for engines to be turned off during loading and deliveries. Even small businesses have 
switched to cleaner vehicles; a real estate office has been utilizing electric vehicles since 2002. The 
City of Davis currently utilizes electric utility vehicles and nearly one third of the City fleet is made up 
of hybrid vehicles. The City’s vehicle replacement review includes plans to switch out many of the 
City’s current vehicles with electric or hybrid vehicles in the future. 
  
Fleet Recommendations 
The Plan recommends that the City update fleet purchasing policies to match State fleet goals. 
Utilize Ready, Set, Charge, Fleets as a guide/resource, and consider joining Energy Secure Cities 
Coalition (ESCC) that provides guidance on transition to PEVs. Examples of where ESCC is active 
include: 
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 Conversion of public fleets to PEV.  
 Training on PEVs and charging. 
 Making charging infrastructure easy and convenient for employees to plug-in 
 Matching vehicles to use 
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Section 7 Key Findings, Recommendations, and Future 
Considerations 
In developing the Plan, the City and its partners identified several key findings, recommendations 
and future considerations related to EV charging.  The purpose of this Section is to summarize these 
findings and recommendations and note the emerging policy and issue areas and provide decision 
makers with initial guidance on how they might be addressed. 
 
7.1  Key Findings and Recommendations 
Key Findings: 
 Demand forecast should include both direct PEV demand as well as the role of PEVs in balancing 

the electricity grid (Vehicle to Grid – V2G). 
 Direct PEV demand and pricing strategy is driven by three primary factors: (1) parking dwell 

time, (2) distance traveled, and (3) vehicle battery size. 
 In the near term most charging will take place at home; V2G is likely to shift charging patterns 

toward non-home charging as variable renewable energy generation increases (e.g. solar), and 
value is established for the role PEVs play in grid balancing and stability. 

 Half of Workplace charging can be satisfied with Level 1 charging due to parking dwell time. 
 
Key Recommendations: 
 Modify CalGreen standards for Davis to incorporate differentiation for PEV charging installation 

requirements based on land use. 
 In recognition that V2G based demand will increase in the future, prior to 2020, require 

minimum number of network ready Level 2 chargers with 50% of the total Workplace chargers 
installed as part of original construction and 50% prewired for future installation.  Post 2020, 
require all chargers to be installed as part of original construction. 

 Unless creating incentives for employees, tenants, customers, or V2G interconnections, chargers 
should generally be priced equal to the cost to charge at home to encourage need based 
charging and discourage convenience based charging.   

 
7.2  EV/PV Home Charging 
Adding an electric vehicle will increase electricity energy use at home and with it the awareness of 
energy cost and clean energy opportunities.  Given the Plan’s recommendations to emphasize Home 
charging, the City and its partners should consider how to develop and disseminate basic photo 
voltaic (PV) system sizing information for homeowners who are considering adding a PEV.  The Plan 
provides a starting point for development of this information in Section 5 (pricing), and the public 
outreach conducted for the plan provides a local communications network for PEV drivers to share 
information.  In addition, the City and Cool Davis have initiated a community campaign to double 
the number and capacity of residential roof-top solar systems in Davis between 2015 and 2020.  
Connecting the EV/PV message to that campaign could be an effective approach. 
 
Another future opportunity is the pending formation of a local Community Choice Energy (CCE) 
program to serve the electricity needs of Davis and unincorporated Yolo County electricity 
customers.  The CCE program may be in position to support EV/PV Home charging through its rate 
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setting authority.  In its position as one of the forming members of the local CCE, the City can bring 
this concept to the CCE for analysis and consideration in future years.  Sonoma Clean Power, a CCE 
serving Sonoma County is pursuing a policy to advance PEV adoption by installing publicly accessible 
chargers.       
 
7.3  Vehicle to Grid (V2G) 
As noted throughout the Plan, the connection between PEVs and the electricity system is an 
important consideration.  Vehicle to Grid, or V2G, describes an interaction between the vehicle’s 
battery and the electricity grid where power can flow in both directions.  One of the most important 
concepts is how V2G can help the electricity grid stay balanced.  For example, in the middle of day 
when solar is providing significant amounts of clean renewable energy to the grid, a PEV plugged 
into a Managed charger can take excess electricity that might otherwise go unused or be curtailed 
(the value of unneeded electricity drops).  Conversely, a PEV that was fully charged and plugged in 
could be “asked” by grid operators to release electricity to the grid when and where it is needed to 
avoid brownouts during hot days.  Additionally, a PEV parked at home with more power than it 
needs for the next day’s travel could supplement home energy use at night with the clean 
renewable electricity it stored during the day while sitting in a parking lot at a workplace.  
  
The City and its CCE partners should consider examples such as Sonoma Clean Power that are 
exploring how to implement V2G and the smart and micro-grid technology that will enable PEVs to 
play an important and integrated role in Davis’ energy future. The Plan recommends the installation 
of chargers with communication capability that can be used for managed charging and V2G when 
applicable. 
  
7.4  Autonomous Plug-in Electric Vehicles (APEV) 
Autonomous self-driving vehicles are expected to emerge and become mainstream within the 
timeframe of this plan (2025).  Electric autonomous vehicles will provide additional benefits of low 
carbon/clean air vehicles that can work in conjunction with regional public transportation to provide 
efficient response based mobility.  The City and its partners at the UC Davis Institute for 
Transportation Studies should consider how PEV charging infrastructure can be designed to 
efficiently serve self-charging autonomous vehicles.  For example, a clustered remote self-charging 
station that allows the APEV with the least charge to park and charge near the center of the cluster 
while other APEVs with sufficient charge are “dispatched” to serve customers of ride sharing 
services.  Advances in charging system technology will be necessary to optimize this emerging 
mobility system but the City and its partners should be prepared to be a test bed. 
     
7.5  Shared Charger Use 
As noted in Section 4, shared charger use can optimize the use of EV charging infrastructure.  
Typically this opportunity would occur where an employment center/workplace and retail 
establishment are co-located (e.g. professional offices and restaurant).  Another important 
opportunity identified by the Plan development team are neighborhood shopping centers located 
near high-density multi-family housing.  In this circumstance, EV chargers could serve as both 
Workplace chargers during business hours and as overnight chargers close to residences.  Priced 
appropriately this could present mutually beneficial opportunities for the shopping center and 
nearby residents.  This is already occurring on a limited scale with the two Level 2 chargers located 
at City Hall – employee/visitor charging during business hours and nearby PEV owners charging 
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overnight.  The City and its partners could engage neighborhood shopping owners who want to 
provide an amenity to their customers/employees and nearby apartment owners who can market to 
prospective renters that they are “EV Friendly”.  With the foundation created by the Plan, many 
other examples of this market based approach could be identified and initiated by the City and its 
partners. 
 
7.6  Short-term Action Plan 
The following actions are based on the research and analysis conducted for the Plan and are 
anticipated to be implemented by 2020.  The short-term actions are identified to provide the City 
and its partners with guidance for charging infrastructure as resources become available.  The short-
term actions do not preclude activities or investments consistent with the overall Plan and updates 
to the short-term actions listed below are anticipated to adapt to changing technological and/or 
marketplace conditions.  A total of 85 Level 2 and 3 DC Fast chargers spread across the City in key 
locations that serve multiple user types (e.g. workplace + supplemental home charging).  This 
represents approximately 32% of the estimated 2025 demand for workplace charging.  
 
City Region Location Charger 

Type 
Number Description/Primary Purpose 

Central City Hall Level 2 
networked   

4 Workplace/supplemental 
home charging for nearby 
rental housing.  Upgrade 2 
existing Level 2 chargers; add 2 
additional Level 2 chargers. 

Central City Hall DC Fast  1 DC Fast Charge local network. 
Located at existing water well 
to minimize infrastructure 
costs. 

Central University Mall – 
Central Davis 

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing. 

Central Davis High 
School/Veterans 
Memorial Center/Yolo 
County Public 
Library/Community – 
Central Davis 

Level 2 
networked   

8 Visitors/workplace/ 
supplemental home charging 
for nearby rental housing. 

Central Market Place Shopping 
Center  

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental 
housing/Highway 113 Corridor 
travelers. 

Downtown Downtown Davis – E 
Street Parking Lot 

Level 2 
networked   

2 Upgrade existing Level 2 
charger.  Customer 
attraction/workplace. 
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Downtown Downtown Davis – Core 
Area USDA/F Street 
Parking Garage 

Level 2 
networked 

6 Workplace/customer 
attraction/supplemental home 
charging for nearby rental 
housing. 

Downtown Downtown Davis – Core 
Area Cinema/G Street 
Parking Garage 

Level 2 
networked 

4 Workplace/customer 
attraction/ I-80 Corridor 
travelers. 

Downtown Downtown Davis – E 
Street Parking Lot 

Level 2 
networked   

2 Upgrade existing Level 2 
charger.  Customer 
attraction/workplace. 

Downtown Downtown Davis – Train 
Station Parking Lot 

Level 2 
networked   

4 Upgrade 2 existing Level 2 
chargers; add Level 2 chargers.  
Workplace/ Customer 
attraction/ Capitol Corridor 
travelers/I-80 Corridor  

    travelers. 
West Arroyo Park Swimming 

Pool Parking – West 
Davis 

Level 2 
networked 

1 Visitors/supplemental home 
charging for nearby rental 
housing. 

West Westlake Shopping 
Center – West Davis 

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing. 

West West Manor Park – 
West Davis 

Level 2 
networked   

1 Visitors/Supplemental home 
charging for nearby rental 
housing. 

NW Sutter Davis 
Hospital/Medical 
Offices – Northwest 
Davis 

Level 2 
networked  

2 Workplace/ visitors/Highway 
113 Corridor travelers. 

NW Sutter Davis 
Hospital/Medical 
Offices – Northwest 
Davis 

DC Fast 1 Highway 113 Corridor 
travelers/workplace/ visitors. 

North Central Cannery Commercial 
Center – North Central 

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing. 

North Central Wildhorse Golf Course – 
North Central 

Level 2 
networked   

1 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing. 

     
East Davis Police 

Department 
Level 2 
networked 

3 Police Department Fleet. 
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East Davis Public Works 
Department – 1717 5th 
St 

Level 2 
networked 

2 Public Works Department 
Fleet. 

East Davis Parks Department 
– 1818 5th St 

Level 2 
networked 

2 Parks Department Fleet/Fleet 
Service Shop. 

East Slide Hill  Park Level 2 
networked 

1 Visitors/supplemental home 
charging for nearby rental 
housing. 

East Davis Joint Unified 
School District 
Corporation Yard – East 
Davis 

Level 2 
networked 

2 School Fleet. 

East Cantrill Business Center 
– East Davis 

Level 2 
networked  

2 Workplace/ visitors/I-80 
Corridor travelers. 

East Manor Shopping Center 
– East Davis 

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing. 

East Nugget Shopping Center 
– East Davis 

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing. 

South Playfields Park – Sports 
Complex 

Level 2 
networked 

1 Visitors/supplemental home 
charging for nearby rental 
housing. 

South Safeway Shopping 
Center – South Davis 

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing. 

South Kaiser Permanente 
Medical Offices – South 
Davis 

Level 2 
networked  

2 Workplace/ visitors/I-80 
Corridor travelers/ 
supplemental home charging 
for nearby rental housing. 

South Drew Avenue Business 
Center – South Davis 

Level 2 
networked  

4 Workplace/ visitors/I-80 
Corridor travelers. 

South Nugget Shopping Center 
– South Davis 

Level 2 
networked   

2 Customer 
attraction/workplace/ 
supplemental home charging 
for nearby rental housing/I-80 
Corridor travelers. 

South Nugget Shopping Center 
– South Davis 

DC Fast 1 I-80 Corridor travelers. 

 Totals  86 Level 
2; 

3 DC 
Fast 
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RESOLUTION NO. ___________, SERIES 2017 
 

RESOLUTION ADOPTING THE DAVIS EV CHARGING PLAN  
 
 

WHEREAS, the City of Davis is a recognized leader in the sustainable communities movement; 
and  
 
WHEREAS, the transportation sector is the largest contributor to local GHG emissions; and 
 
WHEREAS, the Davis Climate Action and Adaptation Plan, General Plan Transportation 
Element, Transportation Implementation Plan, and the State’s Zero Emissions Vehicle Plan all 
direct a transition from a fossil fueled transportation system to one powered by clean, renewable 
energy; and 
 
WHEREAS, the City of Davis was an early adopter of alternative fuel vehicles and 
implementation of alternative fuel infrastructure; and  
 
WHEREAS, the City successfully partnered with the UC Davis Institute of Transportation 
Studies (ITS), Cool Davis, and Valley Climate Action Center on a proposal to the California 
Energy Commission under its Alternative Fuel Readiness Plan funding program (PON13-603) to 
prepare a local EV charging plan; and 
 
WHEREAS, demand modeling by ITS forecasts that plug-in electric vehicle ownership in Davis 
will increase by almost 10 times by 2025; and 
 
WHEREAS, the City and its partners have prepared a plan for the deployment of EV charging 
infrastructure to meet that demand and encourage an even greater adoption of alternative fuel 
vehicles to help meet Davis’ ambitious GHG emission goals. 
 
NOW, THEREFORE, BE IT RESOLVED that the City of Council of the City of Davis does 
hereby: 
 

1. Adopt the Davis EV Charging Plan. 
 

2. Find that adoption of the Plan is categorically exempt under CEQA Sections 15300.2 and 
15311.   
 

3. Thank the UC Davis Institute of Transportation Studies, Cool Davis, and Valley Climate 
Action Center for their critically important partnership and support of the City’s efforts to 
prepare the Plan. 
 

4. Acknowledge the financial support and commitment of the California Energy 
Commission to advancing State and local progress toward a cleaner, more sustainable 
transportation system.   
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PASSED AND ADOPTED by the City Council of the City of Davis on this 21st day of February, 
2017 by the following vote: 
 
AYES:  
NOES:  
ABSENT:  

 
      

       Robb Davis 
       Mayor 
ATTEST: 
 
 
 
Zoe S. Mirabile, CMC 
City Clerk 
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