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Introduction
The purpose of this white paper is to discuss the rationale for and practice of using electric vehicle
charging stations (EVCS) as mitigation for greenhouse gas (GHG) emissions under the California
Environmental Quality Act (CEQA) and to provide methodologies and data to estimate GHG
reductions and cost effectiveness of EVCS. This white paper was prepared as part of the Driving
to Net Zero project and is intended to assist Santa Clara County jurisdictions in implementing
EVCS as GHG mitigation mechanism and to estimate GHG reductions and costs/savings in
implementing EVCS programs.
This paper discusses the following subjects:


Section 1: CEQA Mitigation Requirements



Section 2: Establishing Nexus



Section 3: Establishing Proportionality



Section 4: Precedents



Section 5: Estimating EVCS GHG Emission Reductions



Section 6: Cost Effectiveness



Section 7: Sample CEQA mitigation language



Section 8: Implementation Methods

Three technical appendices are also provided:


Appendix A provides a detailed discussion of the inclusion of EVCS in Climate Action Plans
(CAPs) in Santa Clara County and quantification of EVCS benefits in certain of those CAPs.



Appendix B provides a detailed discussion of inclusion of EVCS as CEQA mitigation for the
Newhall Ranch project.



Appendix C provides original text for the CAPs studies for quantification methods and for
the Newhall Ranch CEQA analysis.
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1. CEQA Mitigation Requirements
Under several key U.S. Supreme Court cases (Nolan vs. California Coastal Commission and
Dolan vs. Tigard), a government agency imposing conditions on a project under their
jurisdiction may only impose such conditions that are related to the project’s impacts (e.g. have
a nexus) and that are roughly proportionate to the level of the project’s impacts (e.g. satisfy
“rough proportionality.” These rulings also govern the practice of imposing mitigation under
CEQA and have been incorporated into CEQA Guidelines Section 15126.4 Section (a)(4)(A)
and (B). Under CEQA, mitigation can only be imposed for impacts that are determined to be
significant. Mitigation measures must also be feasible, enforceable, and verifiable. As a general
rule of practice, well-written mitigation measures should answer the 5 “W”s: Who, What, When,
Where, and Why.

2. Establishing Nexus
EVCS facilitate expanded use of plug-in electric vehicles by providing additional charging
opportunities for residents, workers, visitors, and users of facilities. Plug-in electric vehicles
include vehicles that are fully powered by battery as well as plug-in hybrid electric vehicles that
can be powered solely by battery for a limited number of miles but also have a back-up hybrid
gasoline engine for longer trips. . The increase in the number of battery electric or plug-in
hybrid electric vehicles operating in an electric mode has a number of environmental
outcomes.
A plug-in electric vehicle will use electricity as its source of energy to propel the vehicle. In the
process an electric vehicle or a plug-in hybrid operating in electric mode will not result in any
tailpipe emissions of greenhouse gas emissions (primarily carbon dioxide – CO2, and lesser
amount of methane – CH4 and nitrous oxide – N2O). The electricity used to charge the vehicle
results in emissions at the power plants used to supply electricity to the local utilities. Due to
relative efficiency of electricity as a motive energy source (which is higher than fossil fuel
vehicles) and the emissions control at power plants, plug-in electric vehicles result in far lower
GHG emissions per mile compared to fossil fuel vehicles.
As a result, the addition of EVCS as a strategy in a Climate Action Plan (CAP) or as mitigation
in a CEQA document would have the result of lowering GHG emissions. The discussion above
establishes a nexus between GHG impacts of a project and EVCS as a potential CEQA GHG
mitigation.
In the San Francisco Bay Area, CEQA evaluation of GHG emissions most commonly utilize the
San Francisco Bay Area Air Quality Management District (BAAQMD)’s recommended CEQA
thresholds. Lead agencies that find that a project subject to CEQA that has significant GHG
emissions are required to impose feasible mitigation to lower significant impacts to below the
thresholds, where possible. There is no CEQA requirement to impose a specific method to
reduce a significant impact, as long as the mitigation measure can feasibly meet the
requirements described above. EVCS could be one of a range of different mitigation measures
that could be imposed on a project with significant GHG emissions.
Some jurisdictions have developed CAPs to provide a holistic approach to address GHG
emissions of existing and future development. CAPs commonly have a wide range of
strategies to lower GHG emissions. Many CAPs include strategies to increase the use of
electric and other alternative vehicles to lower GHG emissions. Where a CAP meets the
requirements in CEQA Guidelines 15183.5 for a so-called “qualified CAP”, CEQA analysis of
projects can use consistency with CAP as their threshold of evaluation instead of the BAAQMD
(or other) thresholds. If a CAP includes a mandatory strategy requiring incorporation of EVCS
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into new development, then the CEQA document must evaluate whether a new project meets
the CAP requirements for EVCS or not. If not, EVCS can be imposed as a mitigation through
the CEQA process in order to provide for consistency with the CAP.

3. Establishing Proportionality
CEQA mitigation can only be imposed in proportion to the identified project impact. The
amount of the impact is determined either through comparison to a threshold (in which
mitigation may be required to bring the project’s GHG emissions to below the threshold) or
through consistency with a CAP (in which case mitigation may be required to provide
consistency). For a CEQA GHG emissions analysis using a threshold, the total mitigation
cannot be more than is necessary to reduce emissions below the threshold. For a CAP
consistency analysis, mitigation is limited to the mandatory elements identified in a qualified
CAP.
Up until recently, most CEQA evaluations used thresholds and most CAPs used reduction
targets that were based on the AB 32 GHG target for 2020. It is common that GHG mitigation
in CEQA documents consist of a range of different measures that may affect the building
energy, transportation, waste, water, wastewater, and sequestration emissions sectors. In
ICF’s experience using 2020 targets as the basis for CEQA thresholds, we have found that we
didn’t always need wide-ranging GHG mitigation to meet the thresholds, especially as state
and local efficiency requirements and state/federal vehicle requirements supported the 2020
target.
However, with the passage of SB 32 in 2016 and the adoption of the updated Scoping Plan by
the California Air Resources Board (CARB) in 2017, the state’s GHG reduction horizon has
now moved to 2030, and the reduction target for 2030 is 40 percent more aggressive than the
2020 target. This means that new projects are likely to require more mitigation and CAPs will
require more reduction strategies than previously. In ICF’s CEQA work on recent development
projects, such as the City Place Santa Clara project, we have often seen that reaching a 2030based threshold has required a wide range of GHG reduction mitigations in many different
sectors.
In this context, it is likely that CEQA lead agencies, as well as jurisdictions updating their
CAPs, are going to need to include a much wider and more aggressive set of mitigations and
strategies in order to meet new thresholds and CAP targets. Where necessary as part of a
mitigation package to meet CEQA threshold or as part of strategies to meet a CAP target,
EVCS can help to satisfy CEQA requirements for proportionality, as long as they are not
imposed to meet reduction requirements beyond the threshold or beyond the CAP consistency.

4. Precedents
EVCS have been incorporated in many CAPs across California and in the study area in the
County of Santa Clara. ICF reviewed how EVCS have been included in these CAPs below and
present their GHG reduction estimation methodology in Appendix A. EVCS have also been
incorporated in CEQA documents. The largest use of EVCS as part of CEQA mitigation in
California to date has been the mitigation for the Newhall Ranch project, which is also
described below and their estimation methods are discussed in Appendix A. Lead agencies
that decide to include EVCS in their CAPs or their CEQA documents are following wellestablished precedents.

Climate Action Plans in Santa Clara County with EVCS measures
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Within Santa Clara County, EVCS were included in the following CAPs: Cupertino, Los Altos,
Los Gatos, Milpitas, Mountain View, and Santa Clara. The EVCS measures in these CAPs are
discussed in greater detail in Appendix B, including in-depth review of the quantification
methods for Los Altos, Milpitas and Santa Clara and results. The verbatim EVCS measures for
these three cities are included in Appendix C.
Town of Los Gatos
The Town of Los Gatos published its Sustainability Plan in 2012. The use of EVCS is included
in the document as a non-quantified beneficial impact. EVCS is included as a complementary
strategy to Measure TR-7. The measure would “Install electric vehicle charging stations in high
traffic areas through grant-funded programs encouraging electric vehicle use.”
City of Cupertino
The City of Cupertino published its Climate Action Plan in 2015. The use of EVCS is included
in the document as a non-quantified beneficial impact. The Measure is presented under M-VF2, Alternative Fuel Infrastructure, as Action A. Install Electric Vehicle Charging Stations.
City of Mountain View
The City of Mountain View published its Climate Protection Roadmap in 2015. Under Strategy
B) Fuel Switching – Electric Vehicles, the relevant measure is Mechanism B.2 PubliclyAccessible EV Charging Facilities. The description of Mechanism B.2 includes plans for
“publicly-accessible [charging station] locations includ[ing] commercial areas and municipally
controlled areas.” Estimated GHG reduction by 2050 is aggregated across all five of the
mechanisms under Strategy B.
City of Los Altos
The City of Los Altos published its Climate Action Plan in 2013. The use of EVCS is included in
the document as a quantified beneficial impact with a supporting methodology. Measure 1.3
Provide Alternative-Fuel Vehicle Infrastructure is supported by Actions A-D. The Actions
include EVCS in public parking lots, existing private development, new residential
development, and new nonresidential projects as follows


Action: continue to identify funding resources, locations, and existing station
performance to support installing additional EV charging stations in public parking lots.



Action: encourage alternative-fuel vehicle charging stations in existing private
development.



Action: amend the Green Building Ordinance to include EV pre-wiring requirements and
encourage EV charging installations in residential development.



Action: amend the Green Building Ordinance to require EV charging stations in
nonresidential projects 10,000 square feet or greater and encourage EV charging
stations in projects under 10,000 square feet.

City of Milpitas
The City of Milpitas published its Climate Action Plan in 2013. EVCS are included twice in the
document as a quantified beneficial impact with a supporting methodology. The measures are
listed under Goal 10 as Measure 10.1: Parking for Low-Emissions Vehicles and Measure 10.4
Residential Electric Vehicle Charging. Measure 10.1. Measure 10.1 would “revise parking
standards for public and nonresidential development to include designated stalls for lowemissions, fuel-efficient vehicles and carpool/vanpool vehicles.” Measure 10.4 would “facilitate
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plug-in hybrid and electric vehicle charging stations for homes by promoting funding
opportunities and streamlining permit procedures, including establishing maximum time frames
for permit processing and simplified permit procedures.”
City of Santa Clara
The City of Santa Clara published its Climate Action Plan in 2013. The use of EVCS is included
in the document as a quantified beneficial impact with a supporting methodology. The measure
is listed as Measure 6.3, Electric Vehicle Parking which would: “Revise parking standards for
new multi-family residential and nonresidential development to require that a minimum of one
parking space, and a recommended level of 5% of all new parking spaces, be designated for
electric vehicle charging.” To do this, the City of Santa Clara would:


Install EV charging stations in public parking lots.



At the time of the next comprehensive Zoning Code update, amend Sections
18.74.020(f) and 18.74.020(i) of the Santa Clara City Code (SCCC) to require a portion
of new nonresidential parking spaces to include EV charging facilities, consistent with
the SCCC.



At the time of the next comprehensive Zoning Code update, amend Section 18.18.130 of
the SCCC to require that all new multi-family residential and nonresidential development
contain at least one new EV charging station and to encourage a recommended
maximum of 5% of all new multi-family parking spaces include EV charging stations.

Newhall Ranch Project
Newhall Ranch 1 is proposed as a large planned community located in an unincorporated
portion of the Santa Clarita Valley (northern Los Angeles County, California). The CEQA lead
agency was the California Department of Fish and Wildlife (CDFW). An original Environmental
Impact Report (EIR) was certified in 2010 and was subsequently challenged in court. The
appeal ultimately ended up at the California Supreme Court, which ruled in 2016 that the EIR
was deficient, in part because the court found that the EIR had used a statewide GHG
reduction target without any consideration of whether the target should be adjusted to take into
account project and location specifics.
The project proponent and CDFW agreed to revise the CEQA analysis. The project proponent
now proposes to completely offset any net GHG emissions of the project entirely (no net
increase) and developed an extensive GHG mitigation program. This program also included
three measures related to EVCS.
CDFW prepared an Additional Environmental Analysis (AEA) to the original 2010 Final EIR in
response to direction from the California Supreme Court. Documents relevant to this literature
review include Appendix 1, Greenhouse Gas Emissions Technical Report, which is
supplemented by Appendix H: Forecasting Electric Vehicle Purchases in the Newhall Ranch
Community (Ramboll 2016). The project’s documents from the Final AEA (FAEA) relevant to
this literature review include Appendix 3 (MM 2-4 VMT Conversion Memo) and Appendix 4 (EV
Charger GHG Emissions Reduction Memo) (Ramboll 2017).

1

While the Project is known as the Newhall Ranch, the actual name of the project reviewed under CEQA was called
the Resource Management and Development Plan/Spineflower Conservation Plan (RMDP/SCP) project.

White Paper

Page | 4

March 2018

Driving to Net Zero

Electric Vehicle Charging Stations as GHG Mitigation

Three mitigation measures related to EVCS are included in the project:


GCC-4, Residential EV Chargers and Vehicle Subsidy;



GCC-5, Commercial Development Area EV Chargers; and



GCC-12, Off-Site EV Chargers.

Appendix B of this report discusses these measures in greater detail and also includes an indepth review of the quantification methodology and results. The original text of these
measures is included in Appendix C.

5. Estimating EVCS GHG Emission Reductions
The GHG reductions associated with new EVCS have been estimated by numerous lead
agencies in the past and are readily capable of being estimated for both CEQA mitigation and
CAP analytical purposes.
The variables that are usually used to determine the GHG reduction value for a single EVCS
are as follows:
•

•

Land Use and Location (VMT/vehicle charged): The type of land use (residential,
commercial, institutional, etc.) affects the character of vehicle trips (home-based, workbased, and other) associated with the charger location. The location of the charger will
influence the amount of use, the types of trips, and the distance of trips that are
facilitated for EV use. The combination of land use and location determined the vehiclemiles travelled (VMT) associated with home-based, work-based, or other based trips
shifted from fossil fuel to EVs. There are several different approaches to estimating
VMT for use in estimating EVCS benefits:
o

Method 1: EVCS Charging Activity Approach. Under this method, VMT is
estimated based on the expected charging activity per day. This approach
assumes that the GHG reductions for an EVCS are only related to the charging
activity. The electricity (in kWh) delivered by the charger is converted to miles
using the average efficiency of a battery electric engine (kwh/mile), which is
then used to estimate both fossil-fuel vehicle GHG emissions and EV GHG
emissions. This approach requires estimation of daily charger use (see below),
and EV GHG efficiency/mile to establish associated mitigation.

o

Method 2: Location-Based VMT Approach. Under this method, VMT for EVs is
based on the land use and location of the EV charger, the number of vehicle
charges per day, and vehicle trips associated with that land use. For example,
a residential EVCS would be assigned the benefit of shifting all residential fossilfuel vehicle VMT to EV VMT. Alternatively, the assumption could be limited to
home-based trip VMT. For non-residential development, VMT per charging
parking space would need to be estimated or VMT could be assigned based on
work-trips only. This approach requires estimation of VMT per residential
vehicle or non-residential charging space. This is the approach used in the
three CAPs reviewed for EVCS benefit quantification.

Charger Utilization (CU, kwh per day)
o
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o

A Level 1 charger uses the standard 120 VAC outlet in most settings and is
provided with EV or PHEV purchase; such chargers can take 7 to 29+ hours to
fully charge and usually only support single use.

o

A Level 2 charger uses a 208 to 240 VAC installation and can take 2 to 10+
hours to fully charge and can support multiple daily charges (often partial
charges).

o

A Level 3 charger, also known as a high-powered DC fast-charge station, uses
a 400 to 600 VAC installation and can take only 30 minutes to fully charge and
can support multiple full charges daily.

•

Fossil-Fuel Vehicle GHG efficiency (FFGHG, CO2e/mile): EVCS facilitate EV or
PHEV purchase to replace existing fossil-fuel vehicles. EVCS can also help maximize
the number of miles driven on all-electric mode. The fleet average for those existing
vehicles establishes the GHG efficiency of vehicles being replaced. If the evaluation
period spans multiple years, then fossil-fuel vehicle efficiency will change year over
year with implementation of California and federal vehicle fleet efficiency requirements
and buyer preferences.

•

Electricity emissions (EGHG, CO2e/kwh): EVCS draw their power from the local
utility. Each utility has a power generation portfolio that defines the amount of GHG
emissions generated to produce electricity which is expressed in terms of CO2e/kwh.
The electricity emissions factor is available from each utility. If the evaluation period is
multiple year, then electricity emissions will change year over year with implementation
of California renewable portfolio requirements and individual utility portfolio choices.

•

EV/PHEV efficiency (EVGHG, kwh/mile or CO2e/mile): EVs utilize battery-supplied
electricity as motive force. The average efficiency is expressed in kWh used per mile.
EV efficiency is improving over time. EV GHG Efficiency can also be expressed as
CO2e/mile by multiplying the electricity efficiency times the electricity emissions factor.

•

EV Charger (D, days): The duration of EVCS operation per the evaluation period
(year, multiyear, charger lifetime) is multiplied by the GHG reduction per day estimated
from the variables above.

Using the variables above, there are several methods for estimating GHG emissions for an
EVCS as follows:
METHOD 1: EVCS Charging Activity Approach
GHG Emissions Reduced =
GHG Emissions of Fossil Fuel Vehicle – GHG Emissions of EVs
VMT (miles/day)
= CU (kwh/day)*EVGHG (miles/kwh)]
GHG Emissions of Fossil Fuel Vehicles =
VMT (miles/day)*FFGHG (CO2e/mile) *D (days)
GHG Emissions of EVs =
=CU (kwh/day)*EGHG (CO2e/kwh)]*D (days)
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METHOD 2: Location-Based VMT Approach
GHG Emissions Reduced =
GHG Emissions of Fossil Fuel Vehicle – GHG Emissions of EVs
VMT (miles/day)
= determined by VMT associated with land use (see discussion above)
GHG Emissions of Fossil Fuel Vehicles =
VMT (miles/day)*FFGHG (CO2e/mile) *D (days)
GHG Emissions of EVs =
VMT (mile/day)*EVGHG (kwh/mile)*EGHG (CO2e/kwh)]*D (days)
In Appendix A, a detailed review of local CAP quantification of EVCS GHG reductions is
presented to show a range of approaches to estimating reductions and the resultant estimates
of GHG value. In Appendix B, a detailed review of the CEQA evaluation of EVCS as mitigation
for the Newhall Ranch project is provided.
Table 1 below shows some different estimates of GHG reductions with EVCS on a yearly
basis.
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Table 1. Illustrative EVCS GHG Reduction Estimates (MTCO2e/year) 2
Source
City of Los Altos
CAP
City of Milpitas
CAP
Santa Clara CAP

Newhall Ranch
EIR
ICF EVCS Tool

Method,
Year
Method 2,
2020
Method 2,
2020
Method 2,
2020

New
Residential
4.29

Existing
Residential
4.23

Non-Residential
1.77 (new)

Public
Lots
1.60

0.72 (1)

--

2.30 (new)

--

3.30 (2)

--

--

Method 1,
2030
Method 1,
2020

5.06 (3)

--

2.75 (commercial,
new)
2.61 (industrial, new)
19.6 (new) (4)

3.39 (5)

3.39 (5)

4.82 weekdays only
(6)
6.77 seven days/week
(6)

--

--

Note: Estimates are for single year GHG reductions
(1) Only includes pre-wiring which will reduce installation costs. Does not include charger itself.
(2) Multi-family housing only
(3) Includes both EVCS and subsidy for EV purchase.
(4) This is an estimate for on-site EVCS in commercial area. Assumes 10 hours charging/day at max kw of 6.25
kw/hour
(5) Assumes average daily charging to cover 38 miles/day (~14,000 miles/year).
(6) Assumed average daily charging time of 3.6 hours/day, with max kw delivered of 7 kw/hour. Higher utilization
would result in higher GHG reductions. For example, if utilization is 10 hours/day, then GHG benefit would be 18.8
MTC02e/year for seven day week.
Source: For Los Altos, Milpitas, and Santa Clara CAPs – see Appendix A; Newhall Ranch – See Appendix B; ICF
EVCS tool – see tool

The total benefit of an EVCS charger would be estimated by determining the stream of GHG
reductions over the lifetime of the charger. The reductions in each year will vary because the
fleet average GHG emissions for fossil fuel vehicles will change over time due to state and
federal CAFÉ fuel efficiency standards and EV vehicle efficiency is improving over time. As
EVCS are a new product, data on lifetime durations is not readily available. EVCS are
presumed to improve over time and thus there will be a replacement cycle like any other
appliance. For now, it is recommended that a lifetime of 10 year be assumed to determine total
benefit.
Separately from this report, ICF has developed an EVCS GHG Reduction Estimation Tool
which provides two different methods for calculating EVCS GHG reductions. Lead agencies
can customize their assumptions for the variables described above, should they have more
appropriate local data that would result in a more accurate calculation.

6. Cost-Effectiveness
Different methods of reducing GHG emissions have different implementation costs. Costeffectiveness of implementing GHG emissions reductions is thus a key consideration for
jurisdictions implementing CAPs. Cost-effectiveness is also a consideration for both public and
private project proponents.
2

Cost ranges are based on data from U.S. Department of Energy. 2015. Costs Associated With Non-Residential Electric Vehicle
Supply Equipment and EPRI. 2013. Electric Vehicle Supply Equipment Installed Cost Analysis.

White Paper

Page | 8

March 2018

Driving to Net Zero

Electric Vehicle Charging Stations as GHG Mitigation

There are two methods of estimating GHG cost-effectiveness often used:


Financial Analysis Only: Costs and benefits are only estimated using market defined
costs and savings. For example, with this method, the costs of installing EVCS are
included in the analysis and divided by the GHG emissions avoided, resulting in a
$/MTCO2e value.



Financial Analysis Plus Social Cost of Carbon: In addition to financial analysis, an
estimate of the benefits of GHG reductions is included using the “Social Cost of Carbon”
or SCC. The SCC is not a market measure of the disbenefit of GHG emissions, but
rather a research-based econometric value based on amalgamating net costs of GHG
emissions on either a national or global scale. With this method, the costs of installing
EVCS are combined with the SCC estimated benefits and then divided by the GHG
emissions avoided, resulting in a $/MTCO2e value.

Charger and Installation Costs
Charging infrastructure costs are primarily comprised of hardware, permitting, and installation.
Total costs vary by charging level, site characteristics, and equipment features. However, in
workplace charging, fleet charging, and opportunity charging, there may be significant costs
attributable to trenching and concrete, as well as ensuring ADA accessibility.
For residential EVCS, choices are usually Level 1 or Level 2 chargers. For Level 1 charging,
the plug-ins for the EV are usually part of the EV purchase and the plug uses normal
household outlets, so the cost to install is nominally zero. Level 2 residential chargers range
from $500 to $1,100 3 before installation but the costs for chargers are declining over time. For
homes with adequate electrical service, installation is usually relatively inexpensive. However,
it can be substantial if an electrical service upgrade is required. As EVCS installations must
comply with local, state, and national codes and regulations. One 2015 study estimated Level 2
EVCS residential installation costs as averaging $1,440 in the San Francisco market, which is
slightly higher than national averages of $1,355. 4 Others estimate total charger/installation
cost average for a typical California household as $1,500. 5
For non-residential chargers, hardware, permitting, and installation costs are higher than for
residential chargers. Table 1 below summarizes the expected costs of Level 2 charger
installations in non-residential applications.
Multiple EVCS Costs
Multiple EVCS costs are often lower on a per unit basis than single installations because
installation costs are usually less for multiple charge placements in the same location. As a
result, cost-effectiveness will improve as the number of chargers increased (presuming no falloff in utilization).
Table 2. Cost ranges for single port Level 2 electric vehicle charging stations in nonresidential applications 6

3

https://www.driveclean.ca.gov/pev/Costs/Charging_Equipment.php
https://avt.inl.gov/sites/default/files/pdf/EVProj/HowDoResidentialChargingInstallationCostsVaryByGeographicLocations.pdf
5
https://www.driveclean.ca.gov/pev/Costs/Charging_Equipment.php
4

6

Cost ranges are based on data from U.S. Department of Energy. 2015. Costs Associated With Non-Residential Electric Vehicle
Supply Equipment and EPRI. 2013. Electric Vehicle Supply Equipment Installed Cost Analysis.
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California
Existing Building (1)

Scenario
Hardware
Permitting
Installation
Total
Average
Cost for Two

SF Bay Area
Existing Building
(2)(3)(4)

SF Bay Area
New Building
(2)(3)(4)

Low
$400
$3,553

High
$6,500
$3,553

Low
$400
$145
$1,497

High
$6,500
$654
$5,897

Low
$400
$27
$849

High
$6,500
$89
$1,473

$3,953

$10,053
$7,003

$2,042

$13,051
$7,547

$1,276

$8,062
$4,669

$10,808

$11,366

$8,235

Cost ranges are first presented above based on single charge ports being installed at each location. The marginal
cost of the next charger installation is a fraction of the total installed cost listed. The charging equipment hardware
is the only cost element that does not yield some benefit with increased number of installations. This is particularly
relevant because the hardware represents a small fraction of the overall cost for Level 2 equipment. For the
multiple charger estimates above, it was presumed that permitting costs do not change with the number of
chargers and that installation costs only increase 10% per additional charger.
(1) EPRI. 2013. Electric Vehicle Supply Equipment Installed Cost Analysis.
https://www.epri.com/#/pages/product/000000003002000577/
(2) PG&E and Energy Solutions. 2016. Plug-in Electric Vehicle Infrastructure Cost-Effectiveness Report for San
Francisco. http://evchargingpros.com/wp-content/uploads/2017/04/City-of-SF-PEV-Infrastructure-CostEffectiveness-Report-2016.pdf.
(3) Energy Solutions. 2016. Plug-In Electric Vehicle Infrastructure Cost-Effectiveness Report. https://energysolution.com/wp-content/uploads/2016/09/PEV-Infrastructure-Cost-Effectiveness-Summary-Report-2016-0720b.pdf s-Summary-Report-2016-07-20b.pdf
(4) Values shown are average of the low or high values shown in the studies for San Francisco (PG & E and
Energy Solutions 2016) and Oakland (Energy Solutions 2016).

Vehicle Purchase and Fuel Purchases
The analysis in this white paper focuses only on EVCS charger purchase and installation costs.
There are other costs and savings associated with the shift from fossil-fuel vehicles to EVs (or
PHEVs) that include potential differences in vehicle purchase costs and differences in fuel
purchase costs. Those costs and/or savings are incurred by the vehicle owners and depend on
the individual vehicle choices and driving habits and are difficult to assume. Thus for the
purpose of this cost-effectiveness analysis, it was assumed that the cost to buy, maintain, and
operate (e.g. fuel) a fossil-fuel car is equivalent to the cost to do so for an EV. One could
conduct a more in-depth analysis of societal trends to also include potential cost differentials in
a more in-depth cost-effectiveness analysis.
Social Cost of Carbon
While there are substantial debates about how to properly value the social cost of carbon, the
SCC can help decision-makers understand on a monetary basis the level of benefit derived
from reducing GHG emissions. The Obama administration issued a detailed approach to
estimating SCC that was utilized in federal action evaluations that included estimates of global
benefits from reducing GHG emissions. It appears unlikely that the current administration will
use the prior approach or may amend its calculation substantially, particularly to only include
U.S. national benefits and likely to exclude benefits outside the U.S.
The prior SCC evaluation included identification of a range of SCC for each of the three
primary GHGs ( carbon dioxide, methane, and nitrous oxide) for 2015 – 2050 (in 5-year
increments) for different discount rates from 2.5% to 5% and a high impact scenario. Using a
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3% discount rate assumption as a middle-range, the SCC estimate for a metric ton of carbon
dioxide ranges from $42 in 2020 to $69 in 2050, reflecting increasing GHG emission impacts
over time with increase in atmospheric GHG concentrations. 7 The 2020 SCC estimates for a
3% discount rate assumption for methane was $1,200 per metric ton and for nitrous oxide was
$15,000 per metric ton. The higher estimates per ton for methane and nitrous oxide reflect the
relatively more powerful global warming potential (GWP) for these gases compared to carbon
dioxide on a ton per ton basis.
Cost-Effectiveness Example Estimate
Using selected data in this paper, Table 3 below shows estimated cost-effectiveness of GHG
reduction with EVCS including financial costs only. The lifetime of an EVCS is assumed to be
10 years. GHG benefits are calculated based on a specific assumed year and multiplied by 10
years. A more specific estimate should be made including the specific years of EVCS operation
to reflect changing vehicle technology (both fossil-fuel vehicles and EVs are expected to
improve over time) and to reflect changing electricity emissions (based on changing power
generation portfolios). All calculation assume a Level 2 charger.
Using same assumptions about GHG emissions reduced and charge/installation costs, Table 4
below shows estimates of cost-effectiveness of GHG reduction with EVCS including a
monetized benefit of reducing GHG emissions using the Social Cost of Carbon. As shown, the
inclusion of the monetized GHG reduction benefit substantially lowers the net costs.
It is recommended that lead agencies show both measures of cost-effectiveness as the
financial analysis only shows the net costs of implementation and the analysis including social
cost of carbon includes the economic impacts of unmitigated climate change.
Table 3. Example Cost-Effectiveness for non-residential EVCS (1)
Source

City of Los Altos
CAP
City of Milpitas CAP
Santa Clara CAP
Newhall Ranch EIR
ICF EVCS Tool
Example

GHG Reductions
(MTCO2e/10 years) (2)

Charger and
Installation Cost
(3)

$/MTCO2e
reduced

17.7

$426

23.0
27.5
196
64.7

$328
$274
$39 (4)
$117 (5)

$7,547

(1) Assumes single-port Level 2 charger.
(2) The GHG reduction values are from Table 1 above. Assumed 10 year EVCS lifetime. As noted therein,
methodologies and assumption vary and thus estimates of cost-effectiveness are not strictly comparable
(3) Average charger and installation cost from Table 2, average value for Level 2 charger for existing buildings.
(4) The Newhall Ranch estimate presumed 10 hours per charging per day.
(5) The ICF estimate using the tool assumed only 3.6 hours charging per day. If an assumption of 10 hours
charging per day were used, then the cost benefit would $42/MTCO2e.

7

https://19january2017snapshot.epa.gov/climatechange/social-cost-carbon_.html
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Table 4. Example Cost-Effectiveness for non-residential EVCS including Social Cost of
Carbon (1)
Source

City of Los Altos
CAP
City of Milpitas CAP
Santa Clara CAP
Newhall Ranch EIR
ICF EVCS Tool
Example

GHG
Reductions
(MTCO2e/10
years) (2)
17.7

Charger and Social Cost
Installation of Carbon ($,
Cost (3)
MTCO2e) (4)

23.0
27.5
196
64.7

$7,547

$/MTCO2e
reduced

$42

$384

$42
$42
$50
$42

$286
$232
-$11 (5)
$75 (6)

(1) Assumes single-port Level 2 charger.
(2) The GHG reduction values are from Table 1 above. Assumed 10 year EVCS lifetime. As noted therein,
methodologies and assumption vary and thus estimates of cost-effectiveness are not strictly comparable
(3) Average charger and installation cost from Table 2, average value for Level 2 charger
(4) Used estimate for CO2 for 2020 for all estimated except for Newhall Ranch used 2030 estimate. All assume 3%
discount rate.
(5) The Newhall Ranch estimate presumed 10 hours per charging per day.
(6) The ICF estimate using the tool assumed only 3.6 hours charging per day. If an assumption of 10 hours charging
per day were used, then the cost would be approximately $0/MTCO2e.

7. Sample Mitigation Language
CEQA mitigation for EVCS needs to satisfy all the CEQA requirements discussed in Section 1.
EVCS mitigation description (or for CAP GHG measures) needs to clearly describe the exact
nature of the mitigation action. Possible actions could include:


change in building codes to require “EV-ready” electrical wiring;



requirement to install EVCS in new development;



purchase and installation of EVCS, and/or



subsidy of EVCS or EV purchase

Mitigation measures should be separate for each different kind of action and different kind of
installation. Separate measures should be developed for residential, commercial, or
institutional EVCS. Separate measures should be developed for new vs. existing
development.
Mitigation measures should describe who is responsible for the action, what the action is,
where the action is to take place, when the action is to occur, and why the action is being
required.
Appendix C includes the verbatim wording of the EVCS GHG reduction measures included in
three local CAPs in Santa Clara County as well as a description of the EVCS GHG mitigation
measures adopted for the Newhall Ranch EIR.
Another example of a CEQA EVCS mitigation measure is as follows from the City of Santa
Clara EIR for the City Place Santa Clara project:
Electrical Vehicle Charging/Preferential Parking (CAP Measure 6.3). The Project shall
provide preferential parking in all parking lots for electric vehicles and shall also provide
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charging equipment, as follows;
a) Residential Use: A total of 10 percent of the required parking spaces shall be
provided with a listed cabinet, box, or enclosure and connected to a conduit that
links the parking spaces to the electrical service in a manner approved by the
building and safety official. Of the listed cabinets, boxes, or enclosures provided, 50
percent shall have the necessary electric vehicle supply equipment installed to
provide active charging stations that are ready for use by residents. The remainder
shall be installed at such time as they are needed for use by residents. Electrical
vehicle batteries and charging technology may change substantially over the next
15 years. As such, the City shall have the discretion to modify the specific
requirements for this measure over time, provided that 10 percent of the spaces
have electrical service and 5 percent have active charging, depending on what the
technology at the time requires.
b) Commercial Use: New commercial uses shall provide the electrical service
capacity necessary as well as all conduits and related equipment necessary to
serve 2 percent of the parking spaces with charging stations in a manner approved
by the City’s Building Official. Of these parking spaces, 50 percent shall initially be
provided with the equipment necessary to function as online charging stations upon
completion of the Project. The remainder shall be installed at such time as they are
needed for use by customers, employees, or other users. Electrical vehicle batteries
and charging technology may change substantially over the next 15 years. As such,
the City shall have the discretion to modify the specific requirements for this
measure over time, provided that two percent of the spaces have electrical service
and one percent have active charging, depending on what the technology at the
time requires.

8. Implementing EVCS Mitigation through Planning and CEQA
There are several ways that lead agencies could implement EVCS as a measure to lower GHG
emissions including through building code/planning requirement, through a CAP, through an
EV program, and project-by-project under CEQA. Each is discussed below:
EVCS through Building Codes
Building codes for development can be updated to require installation of EV-ready wiring
and/or EVCS. Thresholds of project size can be identified when requirements are triggered.
Details of specific requirements can be included. Model building codes could be shared
between neighboring jurisdictions or throughout the County.
EVCS as Part of a Climate Action Plan
As already done by six jurisdictions in Santa Clara County (and many other jurisdictions
elsewhere), EVCS can be included as part of a CAP. It is recommended that measures be
considered for existing and new residential, non-residential, and institutional land uses. The
GHG reduction benefit should be quantified using the methods discussed in this white paper.
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EVCS Program
An EVCS Program could be developed that would evaluate the optimal public charging places
throughout a jurisdiction or throughout parts of the County or the County as a whole. Incentive
programs could operate at the city or County scale to seek economies of scale. Uniform
methods for estimating GHG reductions and for conducting cost-effectiveness analyses could
be established and disseminated to front-line staff. An EVCS Program could also implement
EVCS installation for public locations by receiving CEQA mitigation fees or other sources of
funding and then contract for the work.
EVCS as CEQA Mitigation on a Project by Project Basis
EVCS could be used as a GHG mitigation measure on a project by project basis. Estimates of
GHG reduction potential could be based on project-specific parameters and cost-effectiveness
analysis could help determine mitigation feasibility (if other potential GHG measures are more
cost effective and can meet the analysis thresholds, then EVCS may not be necessary). While
this analysis would be the most precise, it would result in extra work for lead agency staff,
project proponents, and consultants and extra time for the CEQA process. An upfront EVCS
program, as discussed above, could establish uniform and default assessment methods,
identify EVCS opportunities outside individual project locations, and could establish a fund into
which project CEQA mitigation fees could be placed. This may help to fund public EVCS while
at the same time helping to streamline CEQA review.
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Appendix A: Review of Climate Action Plans and Electric Vehicle
Charging Stations
This memorandum presents the findings of a literature review of select Climate Action Plans
(CAPs) in Santa Clara County that have publicly available methodologies for quantifying the
beneficial impact of electric vehicle charging stations (EVCS) as a greenhouse gas (GHG)
reduction measure. The desired metric to obtain from each document was the GHG reduction
per EVCS, measured in metric tons of carbon dioxide equivalent (MT CO2e) per year per
EVCS. Not all documents allowed the derivation of this precise metric. Therefore, the
memorandum also includes methodologies for highly similar EVCS-related measures. The
compilation of these methodologies will help standardize best practices for quantifying the
beneficial GHG impacts of EVCS measure in future CAPs and CEQA documents. Findings are
detailed in text and summarized in tables throughout the memorandum.
Appendix C contains the relevant pages from each CAP document discussed in the literature
findings that had a quantified methodology.

1. Climate Action Plans within Santa Clara County that Include EVCS
Within Santa Clara County, EVCS were included in the following CAPs: Cupertino, Los Altos,
Los Gatos, Milpitas, Mountain View, and Santa Clara.

1.1 Climate Action Plans with Non-Quantified 8 Use of Electric Vehicle Charging
Stations
The non-quantified beneficial impact of EVCS occurs in the CAPs for the following three
municipalities: Town of Los Gatos; City of Cupertino; and City of Mountain View. The EVCS
measures of each municipality’s CAP is detailed below.
Town of Los Gatos
The Town of Los Gatos published its Sustainability Plan in 2012. The use of EVCS is included
in the document as a non-quantified beneficial impact. The measure is included as a
complementary strategy to Measure TR-7. The measure would “Install electric vehicle charging
stations in high traffic areas through grant-funded programs encouraging electric vehicle use.”
The reason for not quantifying the measure is stated as, “These measures are not included
within the CAPCOA vehicle miles traveled (VMT) quantification tool due to limited studies and
resources,” (Los Gatos 2012). The VMT is later used in the report to calculate MT CO22e of
GHG reduction for other measure. This measure is not quantified and therefore not replicable.

8

Non-quantified is defined as
(a) No amount of MT CO2e stated
(b) Amount of MT CO2e is not disaggregated to just EVCS, but a range of measures
(c) Amount of MT CO2e is an inexact range
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City of Cupertino
The City of Cupertino published its Climate Action Plan in 2015. The use of EVCS is included
in the document as a non-quantified beneficial impact. The measure is presented under M-VF2, Alternative Fuel Infrastructure, as Action A. Install Electric Vehicle Charging Stations. M-VF2 is categorized as a Supporting Measure because “no emission reductions are directly
associated with [this] measure (or cannot be accurately quantified at this time),” (Cupertino
2015). This measure is not quantified and therefore not replicable.
City of Mountain View
The City of Mountain View published its Climate Protection Roadmap in 2015. The use of
EVCS is included in the document as a quantified beneficial impact, but its impact is
approximated, not disaggregated, and not supported by a publicly available methodology.
Under Strategy B) Fuel Switching – Electric Vehicles, the relevant measure is Mechanism B.2
Publicly-Accessible EV Charging Facilities. The description of Mechanism B.2 includes plans
for “publicly-accessible [charging station] locations includ[ing] commercial areas and
municipally controlled areas.” Estimated GHG reduction by 2050 is aggregated across all five
of the mechanisms under Strategy B. The aggregated amount is categorized as Very High,
estimated to be any amount over 100,000 MT CO22e (Mountain View 2015). This measure is
not disaggregated by mechanism and is not presented with a calculation methodology.
Therefore, it is not replicable.
Table A-1: Summary of CAPs with Non-Quantified EVCS Benefits
Lead
Agency

Pg.
#(s)

Title

Date

Measure Title and Description

Methodology

Town of
Los
Gatos

Sustainability Plan

2015

Supplementary Measure to measure
TR-7: Install electric vehicle charging
stations in high traffic areas through
grant funded programs encouraging
electric vehicle use

N/A

City of
Cupertin
o

Climate
Action Plan

2012

M-VF-2, Alternative Fuel Infrastructure
Action A. Install Electric Vehicle
Charging Stations

N/A

ES15,
196 –
197

City of
Mountain
View

Climate
Protection
Roadmap

2015

Strategy Measure B, Mechanism B.2
Publicly-Accessible EV Charging
Facilities:

N/A

21,
54-59

Appen
dix C,
10

References
Cupertino, City of. January 2015. City of Cupertino Climate Action Plan. Available at:
http://www.cupertino.org/home/showdocument?id=9605. Accessed: 02/08/2018.
Los Gatos, Town of. October 5, 2012. Los Gatos Sustainability Plan – Appendix C, GHG
Emissions Reductions Measures Modeling Data. Available at:
https://www.losgatosca.gov/DocumentCenter/View/8123. Accessed: 02/08/2018.
Mountain View, City of. September 2015. City of Mountain View Climate Protection Roadmap.
Available at: http://www.mountainview.gov/civicax/filebank/blobdload.aspx?BlobID=19516
Accessed: 02/08/2018.

1.2 Climate Action Plans with Quantified Benefits of Electric Vehicle Charging
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Stations
The three cities that have CAPs with EVCS GHG reductions quantified by a publicly available,
replicable methodology include Los Altos, Milpitas, and Santa Clara.
City of Los Altos
The City of Los Altos published its Climate Action Plan in 2013. The use of EVCS is included in
the document as a quantified beneficial impact with a supporting methodology. Measure 1.3
Provide Alternative-Fuel Vehicle Infrastructure is supported by Actions A-D. The Actions
include EVCS in public parking lots, existing private development, new residential
development, and new nonresidential projects. Copy of the original Measure 1.3 is contained in
Appendix A. Presented below is the full text of each Action, as well as analysis of the
corresponding quantification assumptions. The total measure GHG reductions are presented
afterwards, as are the sources consulted for all Actions.
A. Action: continue to identify funding resources, locations, and existing station
performance to support installing additional EV charging stations in public parking
lots.
B. Action: encourage alternative-fuel vehicle charging stations in existing private
development.
C. Action: amend the Green Building Ordinance to include EV pre-wiring requirements
and encourage EV charging installations in residential development.
D. Action: amend the Green Building Ordinance to require EV charging stations in
nonresidential projects 10,000 square feet or greater and encourage EV charging
stations in projects under 10,000 square feet.
The methodology for calculating the gross GHG reduction from EVCS per parking spot differs
across public (Action A), private (Action B), residential (Action C), and nonresidential (Action D)
development. However, the methodology is the same for each development type in several
ways; each methodology relies on two primary types of data and research: government agency
tools and reports and scholarly research. Further, the quantification approaches are consistent
with guidance provided by Bay Area Air Quality Management District (BAAQMD) for
development of a Qualified GHG Reduction Strategy. Activity data from the City of Los Altos’
baseline GHG inventory forms the basis of measure quantification, including VMT. This
approach ensures that the city of Los Altos’ GHG reductions are tied to the baseline and to
future activities occurring within the city. Lastly, for each Action, the CAP calculates gross
emission reduction, as opposed to net reduction—the latter of which factors in the upstream
emissions of the measure into the final reduction amount. Upstream emissions originate during
the combustion of fossil energy sources that fuel the additional electricity supply in the City of
Los Altos’ grid that is needed for EV batteries to charge.
While not originally calculated by the City of Los Altos’ CAP, the gross MTCO2e GHG reduction
per year per parking spot with EVCS per development type can be derived from the data within
the methodology for each Action and was calculated by ICF. Table A-2 presents a summary of
the benefit estimates and Table A-3 describes the methodology.
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Table A-2: City of Los Altos, Quantification of EVCS Benefits
Variable

2020

Source

4,704

City of Los Altos

Public Parking Lots
Vehicle Miles Traveled per Public Charging Space per year
Number of Chargers in Public Parking Lots

25

City of Los Altos

117,600

City of Los Altos

40

City of Los Altos

1.60

ICF Calculated

11,642

City of Los Altos

260

City of Los Altos

3,026,837

City of Los Altos

1,100

City of Los Altos

Emissions Reduced per Charger (MT CO2e/year)
New Residential Development

4.23

ICF Calculated

New Households with EV Pre-Wiring by 2020

220

City of Los Altos

New EV Vehicles in Residential Development

77

City of Los Altos

896,410

City of Los Altos

Emissions Reduced (MT CO2e/year)

330

City of Los Altos

Emissions Reduced per new EV (MT CO2e/year)
New Nonresidential Development

4.29

ICF Calculated

4,704

City of Los Altos

79

City of Los Altos

Vehicle Miles Traveled for all Chargers per year
Emissions Reduced (MT CO2e/year)
Emissions Reduced per Charger (MT CO2e/year)
Existing Private Development
Annual Vehicle Miles Traveled per Passenger
Vehicle/Residential Charger per year
New Residential Charging Stations (2005-2012) in Private
Development
Vehicle Miles Traveled For all Chargers per year
Emissions Reduced (MT CO2e/year)

Vehicle Miles Traveled for all EVs per year

Vehicle Miles Traveled per Public Charging Space per year
Number of Chargers in New Nonresidential Development
Vehicle Miles Traveled for all Chargers per year

371,591

City of Los Altos

Emissions Reduced (MT CO2e/year)

140

City of Los Altos

Emissions Reduced per Charger (MT CO2e/year)

1.77

ICF Calculated

Source: Los Altos 2013.

As a result of Actions A through D, GHG emissions were projected to be reduced by 1,610 MT
CO2e in 2020 (Los Altos 2013).
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Table A-3: City of Los Altos 2013 Climate Action Plan, Measure 1.3 Provide AlternativeFuel Vehicle Infrastructure Methodology (Source: CAP p. 48, A-10)
Public Development
Equation 1: Vc * C = Vr
Equation 2: Vr * Ep = Er
Equation 3: (Er / C) = E,m
Vc = VMT per public charging space (CAP Table 1)
C = Number of chargers (unknown source from Action A.)
Vr = VMT reduced (CAP calculated)
Ep = MT CO2e/VMT emissions factor for conventional vehicle usage in public development (EMFAC
2011)
Er = MT CO2e of gross emissions reduced (CAP calculated)
Em = MT CO2e of gross emissions reduced per year per EVCS (ICF calculated)
Existing Private Development
Equation 1: Vp * Cr = Vr
Equation 2:Vr * Ep = Er
Equation 3: (Er / C) / Y = E,m
Vp = Annual VMT per passenger vehicle per residential charger (unknown source Action B.)
C = Number of new residential charging stations (CAP from 2005-2012 data)
Vr = VMT reduced (CAP calculated)
Ep = MT CO2e/VMT emission factor for conventional vehicle usage in private development (EMFAC 2011)
Er = MT CO2e of gross emissions reduced (CAP calculated)
Y = Years of CAP implementation (CAP Table ES-7)
Em = MT CO2e of gross emissions reduced per year per EVCS (ICF calculated)
New Residential Development
Equation 1: Vh * Hw = Vr1
Equation 2:Vv * Ev = Vr2
Equation 3: Vr1 + Vr2 = Vr
Equation 4:Vr * Ep = Er
Equation 5: (Er / Hw) = E,m
Vh = VMT per households with EV pre-wiring in 2020 (unknown source Action C.)
Hw = Number of new households with EV pre-wiring in 2020(unknown source Action C.)
Vr1= VMT reduced by new households with EV-prewiring by 2020(CAP calculated)
Vv = VMT per new EV vehicles (project-specific)
Ev = Number of new EV vehicles (project-specific)
Vr2 = VMT reduced by new EV vehicles (calculated)
Vr = Total VMT reduced (CAP calculated)
Ep = MT CO2e/VMT of conventional vehicle usage in residential development (EMFAC 2011)
Er = MT CO2e of gross emissions reduced (CAP calculated)
Y = Years of CAP implementation (CAP Table ES-7)
Em = MT CO2e of gross emissions reduced per year per EVCS (ICF calculated)
New Nonresidential Development
See methodology for public development. The only changed variable is the number of chargers.
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City of Milpitas



The City of Milpitas published its Climate Action Plan in 2013. EVCS are included twice in the
document as a quantified beneficial impact with a supporting methodology. The measures are
listed under Goal 10 as Measure 10.1: Parking for Low-Emissions Vehicles and Measure 10.4
Residential Electric Vehicle Charging. Measure 10.1 Copy of the original Measure 10.1 and
Measure 10.4 are contained in Appendix C of this document.
Appendix B of the CAP explains the reduction measure methods and sources for both Measure
10.1 and Measure 10.4. The methodologies for calculating the net GHG reduction from EVCS
rely on two primary types of data and research: government agency tools and reports and
scholarly research. Further, the quantification approaches are consistent with guidance
provided by BAAQMD for development of a Qualified GHG Reduction Strategy.
Measure 10.1 would “revise parking standards for public and nonresidential development to
include designated stalls for low-emissions, fuel-efficient vehicles and carpool/vanpool
vehicles.” With participation of 19% of businesses—1,220 new parking spaces established as
vehicle charging spaces—by 2020 net GHGs would be reduced from the 2005 baseline by
2,800 MTCO2e.
For Measure 10.1, to calculate the net GHG reductions from EVCS at parking spaces, the CAP
first (1) assumes the mileage driven per parking spot per year. Second (2), the mileage driven
per parking spot per year is used to estimate the emissions associated with one nonresidential
parking spot per year. Third (3), the difference between these emissions and the saved
emissions associated with driving an electric or low-emissions vehicle, leads to a net reduction
of 2,800 MTCO2e in 2020 reported for the measure.
Measure 10.4 would “facilitate plug-in hybrid and electric vehicle charging stations for homes
by promoting funding opportunities and streamlining permit procedures, including establishing
maximum time frames for permit processing and simplified permit procedures.” With
participation of 38% of new homes—1,100 homes pre-wired for electric vehicles—by 2020 net
GHGs would be reduced from the 2005 baseline by 790 MTCO2e.
For Measure 10.4, the CAP first (1) determined the amount of VMT within Milpitas on local
roads, assumed to be the most common use for an EV, by consulting Table 2 of the CAP’s
Hexagon memo cited below. An assumed participation rate for pre-wiring and a further rate for
pre-wired homes utilizing EVs were used to calculate the total savings of 790 MTCO2e in 2020
reported for the measure. Per household savings assume that the internal trips on local roads
are replaced completely by EVs.
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Lastly, GHG benefits of both Measures of the CAP backtrack the beginning of their
implementation to the year 2005 to coincide with the reductions target baseline year, extending
out to 2020 (see Figure 3-1 of the Milpitas CAP).
Table A-4: City of Milpitas 2013 Climate Action Plan, Measure 10
(Source: CAP, p. 4-25 – 4-26; B-9 – B-10)
Measure 10.1, Parking for Low-Emissions Vehicles: Revise parking standards for public and
nonresidential development to include designated stalls for low-emissions, fuel-efficient vehicles and
carpool/vanpool vehicles
Nonresidential Development
Equation 1: Vp * Km = K
Equation 2: K * Ek = Ea
Equation 3: Er – Ea = En
Equation 4: (En /P) / Y = Em
Vp = Mileage driven per parking spot per year (CAP assumed)
Km = Additional kWh/mile from electric vehicles (plugincars.com)
K = Additional kWh from electric vehicles per year (CAP calculated)
Ek = MT CO2e/kWh of added electricity from local utility for nonresidential development (unknown source)
Ea = Additional MT CO2e emissions from electric vehicles per year (CAP calculated)
Er = Reduced MT CO2e gross emissions from electric vehicle per parking spot (CAP assumed)
En = Reduced MT CO2e net emissions from electric vehicles (CAP calculated)
P = Number of additional EVCS parking spots (CAP performance metric)
Y = Years of CAP implementation (CAP Figure 3.1CAP projected from GP)
Em = MT CO2e of net emissions reduced per year per EVCS (ICF calculated)
Measure 10.4, Facilitate plug-in hybrid and electric vehicle charging stations for homes by promoting
funding opportunities and streamlining permit procedures, including establishing maximum time frames
for permit processing and simplified permit procedures
Residential Development
Equation 1: V * Pe = Vp
Equation 2: Vp * Ep = En
Equation 3: (En /H)= Em
V = VMT within Milpitas on local roads (CAP Hexagon memo)
P = Participation rate for pre-wiring homes (CAP assumed)
Pe = Participating rate for pre-wiring homes to utilize EVs (CAP assumed)
Vp = VMT within Milpitas on local roads that would be offset by pre-wired homes utilizing EVs (CAP
calculated)
Ep = MTCO2e/VMT emission factor of Vp (ICF assumed)
En = Reduced MT CO2e emissions from pre-wiring homes (CAP calculated)
H = Number of homes pre-wired for electric vehicles (CAP performance metric)
Em = MT CO2e of emissions reduced per year per EVCS (ICF calculated)
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City of Santa Clara
The City of Santa Clara published its Climate Action Plan in 2013. The use of EVCS is included
in the document as a quantified beneficial impact with a supporting methodology. The measure
is listed as Measure 6.3, Electric Vehicle Parking, the original copy of which is contained in
Appendix C. Measure 6.3 would: “Revise parking standards for new multi-family residential and
nonresidential development to require that a minimum of one parking space, and a
recommended level of 5% of all new parking spaces, be designated for electric vehicle
charging.” To do this, the city of Santa Clara would:


Install EV charging stations in public parking lots.



At the time of the next comprehensive Zoning Code update, amend Sections
18.74.020(f) and 18.74.020(i) of the Santa Clara City Code (SCCC) to require a portion
of new nonresidential parking spaces to include EV charging facilities, consistent with
the SCCC.



At the time of the next comprehensive Zoning Code update, amend Section 18.18.130 of
the SCCC to require that all new multi-family residential and nonresidential development
contain at least one new EV charging station and to encourage a recommended
maximum of 5% of all new multi-family parking spaces include EV charging stations.

If by 2020 the City has 430 parking spaces in commercial, industrial, and multi-family
development with EVCS, GHGs would be reduced by 1,400 MT CO2e below the baseline 2008
emissions levels. Appendix B of the document explains the GHG reduction assumptions for
Measure 6.3. Analysis of these assumptions, methodologies, and sources is presented below
(Santa Clara 2013).
The methodology for calculating the net GHG reduction from EVCS per parking spot differs
across commercial, industrial, and multifamily residential planned development. However, the
methodology is the same for each development type in several ways; each methodology relies
on two primary types of data and research: government agency tools and reports and scholarly
research. Further, the quantification approaches are consistent with guidance provided by
BAAQMD for development of a Qualified GHG Reduction Strategy. Activity data from the City
of Santa Clara’s baseline GHG inventory forms the basis of measure quantification, including
VMT and kilowatt hour (kWh) of electricity. This approach ensures that Santa Clara’s GHG
reductions are tied to the baseline and to future activities occurring within the city.
Lastly, GHG benefits of the CAP backtrack the beginning of their implementation to the year
2008 and extend out to the 2020 measure target, unless otherwise stated (see Figure ES-7 of
the Santa Clara CAP). However, all actions of Measure 6.3 are based on projected additional
development built from 2014 to 2020.
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To calculate the net GHG reductions from EVCS at parking spaces, the CAP first (1) calculated
the amount of planned commercial (square footage [sf]), industrial (sf), and multi-family (units)
development through the years 2014 to 2020. For each development, this was done by finding
the average annual rate of planned development (by sf or unit) based on the 2008-2035 Total
Proposed + Projected General Plan development (page 31, Santa Clara 2011). Then, the
average annual rate was multiplied by six years, which is the 2014 – 2020 planning horizon for
the CAP.
Second (2), the City of Santa Clara Zoning Code was consulted to determine how many total
parking spots are required per sf (commercial and industrial) or per unit (multi-family) of
development. The number of total parking spots was multiplied by an assumed 2.5%
participation rate, which is defined as the assumed percentage of parking spots at planned
development that would include EVCS. This was summed to the number of parking spots to
have EVCS per development type.
Third (3), for commercial and industrial development, the VMT driven per EV parking spot per
year was calculated by converting the VMT driven per EV parking spot per month (Cullen et
al. 2009). This was then multiplied by the previously calculated number of parking spots to
have an EV charging station to find out the VMT from new electric vehicles. For commercial
and industrial development, this was done by multiplying the VMT driven per EV parking spot
per year by the number of parking spots to have an EV charging station. For multi-family
residential development, the VMT per EV per year in Santa Clara County was calculated by
using the EMFAC 2011 Web Database (CARB 2011). For each development type, the VMT
driven per EV (or VMT driven per EV parking spot for commercial and industrial) was multiplied
by the number of parking spots per development type to have an EV charging station. This
equaled the VMT from new electric vehicles.
Fourth (4), the additional kWh from electric vehicles was calculated by multiplying the VMT
from new electric vehicles by the 0.34 additional kWh/mile from electric vehicles
(plugincars.com 2010). This added kWh is a result of the increase in electricity use during EV
battery charge.
Fifth (5), the additional GHG emissions from electric vehicles were calculated by multiplying the
additional kWh from electric vehicles by an emission factor of 1.69 E-4 (commercial and
industrial) or 1.25 E-4 (multi-family) MT CO2e/kWh. The emission factors were based on the
GHG intensity of the local utility. The additional GHG emissions are a result of the increased
kWh of energy used to provide the electricity for charging the EVs.
Sixth (6), the GHG reductions from electric vehicles were calculated by multiplying the VMT
from new electric vehicles by an emission factor of 3.74 E-4 (commercial), 3.58 E-4 (industrial),
and 3.43 E-4 (multi-family) MTCO2e per VMT. The emission factors were based on expected
emissions from conventional vehicles. The reduced GHG emissions are a result of the
replacement of conventional vehicle that would otherwise contribute GHG emissions during
vehicle operation.
Seventh (7) the net decrease in GHG emissions (MTCO2e) was calculated by subtracting the
additional GHG emissions from electric vehicles from the GHG reductions from electric
vehicles.
Table A-5 presents the quantified benefits and Table A-6 presents a summary of the
methodology explained above.
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Table A-5: City of Santa Clara, Quantification of EVCS Benefits
Metric
Commercial Development
VMT driven per EV parking spot per month
Additional commercial square footage (2014–2020)
Zoning requirement (square feet per parking space)

2020

Sources

727
437,134
300

Number of parking spots to have EV charging station

40

VMT from new electric vehicles/year
Additional kWh from electric vehicles (kWh/mile)
Additional kWh from electric vehicles (kWh/year)
Additional GHG emissions from EVs (MTCO2e/year)
GHG reductions from electric vehicles (MTCO2e/year)
Net GHG reduction (MTCO2e/year)
Net GHG reduction per EVCS (MTCO2e/year)
Industrial Development
VMT driven per EV parking spot per month
Additional industrial square footage (2014–2020)
Zoning requirement (square feet per parking space)

348,000
0.34
118,320
20
130
110
2.75

Cullen et al.
General Plan EIR
Santa Clara Zoning Code,
Section 18.74.020(f)
Calculated, 2.5% of future
commercial spots
Calculated
Plugincars.com
Calculated
Calculated
Calculated
Calculated
ICF calculated

727
4,435,6
600

Number of parking spots to have EV charging station

180

VMT from new electric vehicles per year
Additional kWh from electric vehicles (kWh/mile)
Additional kWh from electric vehicles (kWh/year)
Additional GHG emissions from EVs (MTCO2e/year)
GHG reductions from electric vehicles (MTCO2e/year)
Net GHG reduction (MTCO2e/year)
Net GHG reduction per EVCS (MTCO2e/year)
Multi-Family Residential Development
VMT per EV per year in Santa Clara County
Multi-family units added (2014–2020)
Parking spots required per unit

1,566,0
0.34
532,440
90
560
470
2.61

Number of parking spots to have EV charging station

212

VMT from new electric vehicles per year
Additional kWh from electric vehicles (kWh/mile)
Additional kWh from electric vehicles (kWh/year)
Additional GHG emissions from Evs (MTCO2e/year)
GHG reductions from electric vehicles (MTCO2e/year)
Net GHG reduction (MTCO2e/year)
Net GHG reduction per EVCS (MTCO2e/year)

2,329,9
0.34
792,200
100
800
700
3.30

11,000
4,236
2

Cullen et al.
General Plan EIR
Santa Clara Zoning Code,
Section 18.74.020(l)
Calculated, 2.5% of future
industrial spots
Calculated
Plugincars.com
Calculated
Calculated
Calculated
Calculated
ICF calculated
EMFAC 2011
Santa Clara General Plan
Santa Clara Zoning Code,
Section 18.18.130
Calculated, 2.5% of future
multi- family spots
Calculated
Plugincars.com
Calculated
Calculated
Calculated
ICF Calculated
ICF calculated

Source: Santa Clara 2013.
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Table A-6: City of Santa Clara 2013 Climate Action Plan Methodology
(Source: CAP, p. 54, 64, 92)
Measure 6.3, Electric Vehicle Parking: Revise parking standards for new multi-family residential and
nonresidential development to require that a minimum of one parking space, and a recommended
level of 5% of all new parking spaces, be designated for electric vehicle charging.
Commercial Development
Equation 1: (C / Z) * Pr = Ps
Equation 2: (Vpm * M) = Vpy
Equation 3: Vpy * Ps = Ve
Equation 4: Ve * Km = K
Equation 5: K * Ek = Ea
Equation 6: Ve * Ec = Er
Equation 7: Er – Ea = En
Equation 8: (En /Ps) / Y = Em
Vpm = VMT driven per EV parking spot per month (CAP Cullen et al.)
C = Square footage of additional commercial space (CAP GP EIR)
Z = Square feet per parking space mandated by zoning requirement (CAP Zoning Code)
Pr = Rate of participation from total parking spots to have EV charging stations (CAP assumed)
Ps = Number of parking spots to have EV charging station (CAP calculated)
M = 12 months/year (conversion ratio)
Vpy = VMT driven per EV parking spot per year (CAP converted)
Ve = VMT from new electric vehicles (CAP calculated)
Km = Additional kWh/mile from electric vehicles (CAP plugincars.com)
K = Additional kWh from electric vehicles (CAP calculated)
Ek = MT CO2e/kWh emission factor of electricity from local utility for commercial development (CAP
EMFAC 2011)
Ea = Additional MT CO2e emissions from electric vehicles (CAP calculated)
Ec = MT CO2e/VMT emission factor from conventional vehicle use at commercial development (CAP
EMFAC 2011)
Er = Reduced MT CO2e gross emissions from electric vehicles (CAP calculated)
En = Reduced MT CO2e net emissions from electric vehicles (CAP calculated)
Y = Years of development projected from 2014 - 2020 (GP EIR)
Em = MT CO2e of net emissions reduced per year per EVCS (ICF calculated)
Industrial Development
Equation 1: (I / Z) * Pr = Pe
Equation 2: (Vpm * 12) = Vpy
Equation 3: Vpy * Pe = Ve
Equation 4: Ve * Km = K
Equation 5: K * Ek = Ea
Equation 6: Ve * Ei = Er
Equation 7: Er – Ea = En
Equation 8: (En /Pe) / Y = Em
Vpm = VMT driven per EV parking spot per month (CAP Cullen et al.)
I = Square footage of additional industrial space (CAP GP EIR)
Z = Square feet per parking space mandated by zoning requirement (CAP Zoning Code)
Pr = Rate of participation from total parking spots to have EV charging stations (CAP assumed)
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Pe = Number of parking spots to have EV charging station (CAP calculated)
Vpy = VMT driven per EV parking spot per year (CAP converted)
Ve = VMT from new electric vehicles (CAP calculated)
Km = Additional kWh/mile from electric vehicles (CAP plugincars.com)
K = Additional kWh from electric vehicles (CAP calculated)
Ek = MT CO2e/kWh of electricity from local utility for industrial development (CAP EMFAC 2011)
Ea = Additional MT CO2e emissions from electric vehicles (CAP calculated)
Ei = MT CO2e/VMT of conventional vehicle use at industrial development (CAP EMFAC 2011)
Er = Reduced MT CO2e gross emissions from electric vehicles (CAP calculated)
En = Reduced MT CO2e net emissions from electric vehicles (CAP calculated)
Y = Years of development projected from 2014 - 2020 (CAP GP EIR)
Em = MT CO2e of net emissions reduced per year per EVCS (ICF calculated)
Multi-Family Residential Development
Equation 1: (M / Z) * Pr = Pe
Equation 2: Vpy * Pe = Ve
Equation 3: Ve * Km = K
Equation 4: K * Ek = Ea
Equation 5: Ve * Em = Er
Equation 6: Er – Ea = En
Equation 7: (En /Pe) / Y = Ee
Vpy = VMT per EV per year in Santa Clara County (CAP EMFAC 2011)
M = Number of additional multifamily residential units (CAP GP)
Z = Number of parking spots required per unit (CAP Zoning Code)
Pr = Rate of participation from total parking spots to have EV charging stations (CAP assumed)
Pe = Number of parking spots to have EV charging station (CAP calculated)
Vpy = VMT driven per EV parking spot per year (CAP converted)
Ve = VMT from new electric vehicles (CAP calculated)
Km = Additional kWh/mile from electric vehicles (CAP plugincars.com)
K = Additional kWh from electric vehicles (CAP calculated)
Ek = MT CO2e/kWh of electricity from local utility for multifamily residential development (CAP EMFAC
2011)
Ea = Additional MT CO2e emissions from electric vehicles (CAP calculated)
Em = MT CO2e/VMT of conventional vehicle use at multifamily residential development (CAP EMFAC
2011)
Er = Reduced MT CO2e gross emissions from electric vehicles (CAP calculated)
En = Reduced MT CO2e net emissions from electric vehicles (CAP calculated)
Y = Years of development projected from 2014 - 2020 (CAP GP EIR)
Ee = MT CO2e of net emissions reduced per year per EVCS (ICF calculated)
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Appendix B: Newhall Ranch Project in Los Angeles County
Newhall Ranch was proposed as a planned community located in an unincorporated portion of
the Santa Clarita Valley (northern Los Angeles County, California). For the Newhall Ranch
Resource Management and Development Plan/Spineflower Conservation Plan (RMDP/SCP)
project, the California Department of Fish and Wildlife’s (CDFW) prepared an Additional
Environmental Analysis (AEA) to the original 2010 Final EIR in response to direction from the
California Supreme Court in 2016 and 2017. Documents relevant to this literature review
include Appendix 1, Greenhouse Gas Emissions Technical Report, which is supplemented by
Appendix H: Forecasting Electric Vehicle Purchases in the Newhall Ranch Community
(Ramboll 2016). The project’s documents from the Final AEA (FAEA) relevant to this literature
review include Appendix 3 (MM 2-4 VMT Conversion Memo) and Appendix 4 (EV Charger
GHG Emissions Reduction Memo) (Ramboll 2017). Key pages from these documents are
contained in Appendix C.
Three mitigation measures related to EVCS are included in the RMDP/SCP project:


GCC-4, Residential EV Chargers and Vehicle Subsidy;



GCC-5, Commercial Development Area EV Chargers; and



GCC-12, Off-Site EV Chargers.

Net reductions 9 are measured in the DAEA by MT CO2e 10 per year for the year 2030.
Conversion of these reductions to the metric of net MT CO2e per year per EVCS was also
included in the DAEA for each MM (see Tables B-1 and B-2 below). This data is included here
as follows:
•
•
•

5.06 net MT CO2e per year (in 2030) per residential development EVCS with subsidy
provided
20 net MT CO2e per year (in 2030) per on-site commercial development EVCS
20 net MT CO2e per year (in 2030) per off-site parking spot EVCS

These three MMs are discussed below.

CO2e emissions were primarily estimated using CalEEMod® version 2013.2.2.
CO2e includes CO2, CH4, and N2O emissions, which are weighted by their respective AR4 global warming
potentials. Source: Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4): Climate
Change 2007. Available at: https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-2.html. Accessed:
September 2016.
9

10
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2.1 GCC-4: Residential EV Chargers and Vehicle Subsidy
This measure reads as follows:
Each residence within the RMDP/SCP Project site shall be equipped with a minimum of one
single-port electric vehicle charging station. Each charging station shall achieve a similar or
better functionality as a Level 2 charging station.
Additionally, the project applicant shall establish and fund a dedicated account for the provision
of subsidies for the purchase of zero emission vehicles to the amount of $1,000 subsidy per
residence for 65 percent of the village’s total residences.

Estimated GHG Reduction
The main variables contributing to the calculated GHG benefit of installing residential EV
chargers and providing EV vehicle subsidies include the following assumptions:
•

Electric Vehicle Penetration: Given the market trends, policy goals, infrastructure growth
and incentives, the project analysis assumes that half the residential units facilitated by
the RMDP/SCP will have an EV by 2030.

•

Electrical Vehicle Usage Rate: Even though many households with EVs also own a
conventional gasoline or diesel car, they use the EV for over 85 percent of work
commute, personal errands, and shopping, while the conventional vehicle is the primary
vehicle for vacation travel.

•

EV Miles Driven from Residential Land Uses: The overall effect of GCC-4 is estimated to
displace 50 percent of the miles driven from residential land uses from traditional
gasoline/diesel vehicles with electric vehicles.
o

•

Appendix 3 of the FAEA further clarifies the methodology for reaching this
assumption (Ramboll 2016)

Emission Factors: The project analysis is based on the assumption that the 50 percent
Renewable Portfolio Standard for 2030 is achieved, and the gasoline/diesel CO2
emission factors are derived using California Air Resource Board’s EMFAC2014
software model.

Table B-1 below shows the calculations for estimating the GHG reductions. The table
calculates the estimated emission reduction for each mile driven in an electric vehicle
compared to the default emission factor calculated by CalEEMod® in the mobile emissions
inventory. To ensure that the project benefit is in addition to the existing EVs that may be
present, the emission factor and emissions inventory incorporates the existing EVs. This
ensures that the benefit of VMT that is reduced due to the project EVs reduces emissions
relative to the unmitigated inventory without double counting. The calculation then estimates
the average annual residential traffic, after the reduction in VMT due to TDM strategies. The
GHG emissions reduction is the total miles displaced by EVs from this measure multiplied by
the emissions reduction per mile. The remaining project traffic GHG emissions results after
subtracting the GHG emissions reductions due to residential EV from the remaining mobile
GHG emissions after TDMs.
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Table B-1: Newhall Ranch Project, Quantification of Residential EVCS Benefits
Estimating GHG Emissions Reduction from Replacement of Gasoline Vehicle with Electric Vehicle
SCE Electricity Emission Factor1
Fuel Economy of Electric Vehicle2
Electric Vehicle GHG Emissions
GHG Emissions for the Residential Miles Traveled as
estimated by CalEEMod® (including NHTSA Phase 2
reduction)3

0.17

(MT CO2e/MWh)

0.25
42.6

(kWh/mile)
(gms/mile)

324.9

(gms CO2/mile)

GHG Emissions Reduction from Additional EVs per mile
282.3
(gms/mile)
Estimating Project Residential-Related Traffic GHG Emissions
380,582,786
(miles/year)
Residential Average Yearly Traffic, After TDMs4
Percent of Residential Miles Driven in EVs due to This
50%
Measure5
Residential VMT that is Displaced by EVs due to This Measure 190,291,393
(miles/year)
Estimated Benefit from Residential EV Chargers and Vehicle Subsidy
(MT CO2e/year)
53,724
GHG Emissions Reduction from Residential Electric Vehicles6
Notes from Original Document:
1 CO2 intensity factor for SCE accounts for the 50% Renewable Portfolio Standard consistent with assumptions for
the 2030 emissions inventories. This analysis only uses CO2 and CH4 emissions, and N2O is not included.
2 US Department of Energy, 2013. Benefits and Considerations of Electricity as a Vehicle Fuel. Available at:
http://www.afdc.energy.gov/fuels/electricity_benefits.html. Accessed: September 2016.
3 The emissions factor (324.9 gms/mile) is consistent with the CalEEMod® input, and includes default reductions for
the ACC Program and Pavley Standards. The emissions factor also is consistent with EMFAC2014’s running exhaust
emission rate for CO2 for vehicles in Los Angeles County, as aggregated for all models and speeds, and averaged
over all seasons for 2030, except includes the emissions reduction due to NHTSA Phase 2 regulations since this
benefit is estimated post-CalEEMod®. The emissions inventory includes a small amount of CH4 and N2O, so when
they are excluded from the reductions, it is a conservative approach. To ensure that the Project mitigation’s emissions
reduction benefit does not take credit for EVs that EMFAC2014 already forecasts will be part of the vehicle fleet, the
emissions factor and emissions inventory includes the existing EVs. CalEEMod® conservatively includes mediumand heavy-duty vehicle emissions factors proportional to EMFAC2014’s default fleet mix when calculating mobile
emissions for all land use types. Calculation methodology from EMFAC2014 output: Weighted average running
emissions CO2 (g/mi) = % of mi by vehicle type x CO2 running EF (g/mi): EF in CalEEMod®: 330.5 g/mi; EF including
NHTSA Phase 2, used in calculation: 324.9 g/mi; EF if no EVs were included in CalEEMod®, including NHTSA Phase
2: 347.3 g/mi Available at: http://www.arb.ca.gov/emfac/. Accessed: September 2016.
4 The 14.9% reduction in VMT due to TDMs (shown in Table 4-5 of the CAP Appendix) is applied prior to taking credit
for the residential EV mitigation measure.
5 This assumption is described in more detail in the Appendix H of the Appendix.
6 Calculated by multiplying the GHG reduction per mile from EVs by the miles displaced by EVs. Assuming that 50%
of the 21,242 dwelling units use a subsidy to purchase an EV, the reduction per subsidy equals the total GHG
emissions reduction divided by the number of subsidies = 53,735 MT / (21,242 x 50%) = 5.06 MT CO2e per year per
subsidy

2.2 GCC-5: Commercial Development Area EV Chargers
This measure reads as follows:
The parking areas for commercial buildings on the RMDP/SCP Project site shall be equipped
with electric vehicle charging stations that provide charging opportunities to 7.5 percent of the
total number of required parking spaces. (“Commercial buildings” include retail, light industrial,
office, hotel and mixed-use buildings.)
The electric vehicle charging stations shall achieve a similar or better functionality as a Level 2
charging station. Level 2 charging stations shall be assumed to provide charging capabilities of
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25 range miles per hour.

Estimated GHG Reduction
The main variables contributing to the calculated GHG benefit of installing commercial
development area EV charging stations are as follows:
•

Electric Vehicle Penetration and Usage Rate: The project assumes a ten hour per day
charger usage rate when in consideration of the anticipated increase in EV adoption
throughout the state.

•

Charge Rate: The project assumes that the charging stations can provide 25 miles of
driving range per hour of charging.

•

Electric Vehicle Fuel Economy: The project assumes that the electric vehicles will
achieve a fuel economy of 25 kWh/100 mi to represent the near-future electric vehicle
fleet.

•

Emission Factors: The analysis is based on the assumption that the 50 percent RPS for
2030 is achieved, and the gasoline/diesel CO2 emission factors are derived using
California Air Resource Board’s EMFAC2014 software model.

Table B-2 shows the calculations that estimate the GHG reduction from replacing conventional
gasoline or diesel light-duty vehicles with electric vehicles. The table calculates the estimated
range that each charging station is estimated to provide to electric vehicles in miles per year,
based on the charge station usage and charge station rate. The range for one station is
multiplied by the total number of stations in the mitigation commitment. This results in a total
number of miles per year that will be driven in electric vehicles instead of conventional
vehicles. The difference between the total GHG emissions from the conventional vehicles and
the GHG emissions from the electric vehicles is the emissions benefit from the charging
stations.
Table B-2: Newhall Ranch Project, Quantification of Commercial EVCS Benefit
SCE Electricity Emission Factor1

0.17

(MT CO2e/MWh)

Fuel Economy of Electric Vehicle2

0.25

(kWh/mile)

Gasoline/Diesel CO2e Emission while Running3

257

(gms/mile)

Estimated Benefit from Installing Electric Vehicle Charging Stations in On-Site Commercial Areas (GCC-5)
Annual VMT per Parking Spot4
Number of On-Site Commercial Parking Spots Provided
5
Ch
Annual VMT All Stations (Based on Charge)

91,250

(miles/charging station/year)

2,000
182,500,000

(miles/year)

GHG Emissions of Gasoline/Diesel Vehicle 6

46,875

(MT CO2e/year)

GHG Emissions of Electric Vehicle7

7,766

(MT CO2e/year)

GHG Emissions Reduction8
GHG Reduction per Parking Space with Charging per Year

39,109

(MT CO2e/year)

19.6

(MT CO2e/year)

Estimated Benefit from Installing Electric Vehicle Charging Stations in Off-Site Areas (GCC-12)
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Number of Off-Site Parking Spots Provided Chargers5

2,036

(MT CO2e/year)
39,813
GHG Emissions Reduction from Off-Site Parking Spots9
Notes from original document
1 CO2e weighted intensity factor for SCE accounts for CO2 and CH4 emissions rates consistent with 50%
Renewable Portfolio Standard.
2 US Department of Energy, 2013. Benefits and Considerations of Electricity as a Vehicle Fuel. Available at:
http://www.afdc.energy.gov/fuels/electricity_benefits.html. Accessed: September 2016.
3 CARB, 2015. EMFAC2014, running exhaust emission rate for CO2 and CH4 for light duty gasoline- and dieselpowered vehicles in Los Angeles, aggregated for all models and speeds, averaged over all seasons for 2030.
Emission rate includes reductions for Advanced Clean Cars (ACC) and Pavley. Available at:
http://www.arb.ca.gov/emfac/. Accessed: September 2016.
4 Annual VMT reduction estimated based on an estimate of ten hours of charge time for a Level 2 charging station
that charges at a rate of 25 miles of driving range per hour.
5 Number of charging stations based on project commitment. This assumes 2,000 parking spaces will be serviced
by a charging station (equivalent to 7.5 percent of required commercial parking spaces). The off-site mitigation
measure GCC¬12 assumes 2,036 parking spaces will have a charging station, based on a ratio of one parking
space serviced by an electric vehicle charging station per 30 residential dwelling units and one parking space
serviced by an electric vehicle charging station per 7,000 commercial square feet.
6 GHG emissions calculated using annual VMT reduction at all stations and CO2 and CH4 emission rate. The
emissions inventory includes a small amount of nitrous oxide, so when it is excluded from reductions benefits, it is
conservative.
7 GHG emissions calculated using annual VMT reduction at all stations, fuel economy of electric vehicles, along with
SCE electricity CO2e emission factor. The emissions inventory includes a small amount of nitrous oxide, so when it
is excluded from reductions benefits, it is conservative.
8 GHG emissions reduction is a difference of GHG emissions of gasoline vehicles and GHG emissions of electric
vehicles. The emissions inventory includes a small amount of nitrous oxide, so when it is excluded from reductions
benefits, it is conservative.
9 Reduction is the number of off-site parking spots multiplied by the GHG reduction per parking spot

2.3 GCC-12: Off-Site Electric Vehicle Chargers
This measure reads as follows:
The project applicant would install electric vehicle charging stations capable of serving 20 offsite parking spaces. Thereafter, installation of electric vehicle charging stations per the
following ratios: one (1) off-site parking space shall be served by an electric vehicle charging
station for every 30 dwelling units, and one (1) off-site parking space shall be served by an
electric vehicle charging station for every 7,000 square feet of commercial development.
(“Commercial development” includes retail, light industrial, office, hotel and mixed-use
buildings.) Off-site electric vehicle charging stations capable of servicing 2,036 parking spaces
would be required if the maximum allowable development facilitated by the RMDP/SCP Project
occurs; fewer electric vehicle charging stations would be required if maximum build-out under
the RMDP/SCP Project does not occur. The charging stations may be located in areas that
include, but are not limited to, retail centers, employment centers, recreational facilities,
schools, and other categories of public facilities.
The electric vehicle charging stations shall achieve a similar or better functionality as a Level 2
charging station. Level 2 charging stations shall be assumed to provide charging capabilities of
25 range miles per hour.

Estimated GHG Reduction
The estimated GHG reductions follow the same methodology as described in Table B-2 above.
The installation ratios are based on an estimate of the ratio of residential and non-residential
emissions without off-site electric vehicle chargers reduction. This results in one parking spot
serviced by an EV charging station per 30 dwelling units, and one parking spot serviced by an
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EV charging station per 7,000 square feet of commercial non-residential. It is estimated that
2,036 parking spaces will have access to a charging station to estimate the GHG emission
reductions benefit.

2.4 Additional Measures
As part of the FEA, the project applicant voluntarily proposed installing an additional 1,010 EV
charging stations at parking spaces with access to Level 2 charging equipment (Ramboll
2016). This would lead to a 25% increase in GHG emission reductions. This does not change
the methodology for the project, but it does add to the total amount of chargers installed as part
of the project.

2.5 Quantification Methodology
Table B-3 below shows the detailed methodology for estimating EVCS benefits.
Table B-3: Newhall Ranch EVCS Mitigation Measure Methodology
(Source: DAEA Table 4-3, Table 4-4, Appendix H; FAEA Appendix 3)
GCC-4: Residential EV Chargers and Vehicle Subsidy
Equation 1: Ee * K = Ea Equation 2: Ec - Ea = Er Equation 3: TTDM * P = Vp
Es

Equation 4: Er * Vp =

Ee = MT CO2e per MWh, SCE Electricity Emission Factor (0.17, assumes 50% RPS by 2030)
K = kWh/mile fuel economy (0.25, DOE)
Kr = KWh from displaced miles driven from residential land uses
Ec = gms CO2/mile, GHG emissions for the residential miles traveled (EMFAC 2014 and CalEEMod,
including NHTSA Phase 2 reduction)
Ea = gms/mile CO2e of EV GHG emissions added (calculated)
Er = gms/mile CO2e of EV GHG emissions reduced from added EVs (calculated)
1000 MWh = 1 kWh (conversion ratio)
1,000,000 gms = 1 MT (conversation ratio))
TTDM = miles/year of residential average traffic, after TDMs (project-specific)
P = percent of res. units facilitated by the project with EV by 2030 due to GCC-4 subsidy (assumed
50%)
Vp = miles/year of residential VMT displaced by EVs due to GCC-4 subsidy (calculated)
Es = MT CO2e/year of GHG emissions reduced from residential EVs (calculated)
GCC-5: Commercial Development Area EV Chargers
Equation 1: U * C * Y = V Equation 2: V * O = A Equation 3: A * R * G= Gr Equation 4: A * K *Ee *
M =Ge
Equation 5: Gr – Ge = Gt Equation 6: Gt / O = Go Equation 7: Go * Of = Gf
U = hours/day rate of charge usage (10, assumed)
C = miles driving range/hour of charging (25, assumed)
Y = 365 days/1 year (conversion ratio)
V = miles/charging station/year reduced (calculated)
O = number of on-site commercial parking spots provided chargers (project-specific)
A = miles/year of annual VMT reduction at all stations (based on charge, calculated)
R = gms/mille of gasoline/diesel CO2e emissions while running
G = 0.000001 MT/1 gms (conversion ratio)
Gr = MT CO2e/year of GHG emissions of gasoline-diesel vehicle (calculated)
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Ee = MT CO2e per MWh, SCE Electricity Emission Factor (0.17, assumes 50% RPS by 2030)
K = kWh/mile fuel economy (0.25, DoE)
M = 0.001 kWh/1 MWh (conversion ratio)
Ge = MT CO2e/year of GHG emissions of EVs (calculated)
Go = MT CO2e/year of net GHG emission reduction per parking space with charging (calculated)
Of = number of off-site parking spots provided by chargers (project-specific)
Gt = MT CO2e/year of net GHG emissions reduction from on-site parking (calculated)
GCC-12: Off-Site EV Chargers
Equation 1: Go * Of = Gf
Go = MT CO2e/year of net GHG emission reduction per parking space with charging (calculated as
part of GCC-5)
Of = number of off-site parking spots provided by chargers (project-specific)
Gf = MT CO2e/year of GHG emissions reduction from off-site parking spots (calculated)

References
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02/09/2018.
California Department of Fish and Wildlife. 11/03/2016. Draft Additional Environmental Analysis
– Appendix 1 – Greenhouse Gas Emissions Technical Report. Available at:
https://nrm.dfg.ca.gov/documents/ContextDocs.aspx?cat=NewhallRanchDraftAEA Accessed:
02/09/2018.
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Appendix C – Administrative Record of Relevant Pages from Climate Action
Plan and CEQA Documents with Quantifiable Methodology
City of Los Altos
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City of Milpitas
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City of Santa Clara
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Newhall Ranch Project
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