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Abstract
California has an opportunity to complement and coordinate its plug-in electric vehicle, renewable energy, and
energy efficiency strategies to maximize environmental benefits and expand the market for both plug-in electric
vehicles and clean energy. Giving consumers options to offset energy and emissions associated with vehicle
charging can attract potential buyers who remain uncertain about the environmental benefits of plug-in electric
vehicles. The increased energy awareness that accompanies vehicle electrification can also be leveraged to
further California’s energy efficiency and renewable energy goals. This paper briefly summarizes the
relationship between clean energy and vehicle electrification and describes five voluntary paths to link the two:
1) on-site energy efficiency; 2) on-site renewables; 3) off-site renewables; 4) Renewable Energy Certificates;
and 5) facilitating the integration of variable centralized renewable resources. Policy makers and stakeholders
should leverage and coordinate existing programs and develop innovative approaches in each of these five
areas to expand the markets for both plug-in electric vehicles and clean energy solutions.
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The Plug-in Electric Vehicle
Clean Energy Nexus

While driving a plug-in electric vehicle (“PEV”) in
California emits only about a quarter as much
greenhouse gas pollution as the average new US
passenger vehicle, many customers within the PEV
market segment are motivated by a desire to drive
completely “emissions free.”2 Maximizing the
“green” advantage of PEVs could be important to
support early commercialization and market
expansion. Almost half of respondents in an
international study conducted by Accenture reported
that knowing electric vehicles were charged with
renewable electricity would encourage them to buy
one.3 Researchers from Simon Fraser University
and the University of California at Davis found that
combining “green energy” with PEVs caused
conventional car buyers participating in a design
exercise to purchase PEVs 23 percent more
frequently.4
Electrification of transportation also presents a
singular opportunity to raise the energy awareness
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of consumers in the electricity sector. Sixty-seven
percent of participants in a yearlong study
conducted by the University of California at Davis
and BMW reported that driving an electric version
of the MINI Cooper, the “MINI E,” changed the
way they think about energy.5 In fact, several
participants installed solar panels and undertook
building energy efficiency upgrades. Once people
plug-in their vehicle, they often start thinking
differently about the source of their electricity.
Even in the US, where climate change and related
topics are not necessarily as “top of mind” as in
Europe, MINI E drivers became much more aware
of their “fuel” and most thought that it should come
from renewable resources by the end of their lease
period.6
California’s electricity mix is already one of the
cleanest in the nation and will only get cleaner as
the state makes progress towards its goal of
procuring a third of its electricity from renewable
resources by the end of this decade.7 Nevertheless,
providing PEV drivers and other stakeholders with
clear paths to drive “emissions free” could be an
effective method to increase PEV sales by providing
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a clear and simple message about the environmental
benefits of PEVs. Further addressing non-tailpipe
emissions could also counter the negative
environmental narrative promoted by critics of
vehicle electrification. Policies and programs that
promote both PEVs and clean energy could further
improve the public perception of electric vehicles
and support the expansion of renewable energy and
energy efficiency.
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2.1

Five Potential Means to Link
Plug-in Vehicles and Clean
Energy
On-Site Energy Efficiency Upgrades

Energy efficiency is generally the lowest cost
resource to offset increased electricity usage from
PEV charging and does not create any local or
greenhouse gas pollutants. The increased energy
awareness that accompanies vehicle electrification
provides an opportunity to help meet California’s
ambitious energy efficiency goals while cutting
consumer costs.8

Driving a PEV can increase typical household
electricity consumption by about a third, an
amount that can generally be completely offset
using readily available residential efficiency
upgrades, including lighting, heating, cooling,
and
building
envelope
improvements.9
Businesses can also cost-effectively combine
energy efficiency upgrades with PEV charging
equipment installations. Nationally, commercial
buildings have the potential to reduce load 30
percent using currently available technologies.10
For example, curbside and garage PEV charging
could be offset through the use of highly efficient
Light-Emitting Diodes, intelligent lighting and
ventilation controls, and other building efficiency
options.11
In some applications, energy efficiency could
potentially help customers who would otherwise
lack sufficient electric panel capacity to install
PEV charging equipment.12 Unlike the sunk cost
of a larger electric panel, investing in energy
efficiency provides a continuing stream of cost
savings. Efficiency improvements can also help
customers avoid higher utility bills that can result
from upper-tier prices or demand charges.13
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Both Assembly Bill 2853 and Governor Jerry
Brown’s “Zero Emission Vehicle Action Plan”
include directives to increase the number of PEVs in
state-owned fleets, the number of state employees
who drive PEVs, and the number of PEV charging
stations in state-owned buildings and parking
facilities.14
Those installations could be coupled
with energy efficiency upgrades to minimize
increased energy costs associated with PEV
charging.
Existing energy efficiency programs, such as those
administered by electric utilities and other parties,
can be leveraged to offset PEV charging. “Energy
Upgrade California” and similar programs could
provide information about energy efficiency to PEV
owners, a segment of the population likely to adopt
energy efficiency measures. Similarly, energy
efficiency outreach programs could provide
information about the benefits of PEVs to those
interested in driving on electricity. “Energy Service
Companies” and other private energy efficiency
contractors could also target commercial and
residential customers installing PEV charging
equipment.
In sum, the increased energy awareness that results
from the use of electricity as a transportation fuel
can drive cost-effective energy efficiency, further
improving the economics of vehicle electrification,
while existing energy efficiency programs could
provide a platform to educate interested customers
as to the benefits of PEVs. Coordinating these
efforts would help California meet its long-term
environmental goals.

2.2

On-Site Renewable Generation

On-site renewable electricity provides a tangible
connection between vehicle charging and clean
energy. Nearly 40 percent of the first wave of PEV
drivers in California own rooftop solar systems, and
an additional 17 percent report an intention to install
solar within a year.15
Several existing state
programs, as well as emerging private sector
collaborations, could build upon this synergy.
The California Solar Initiative grants rebates for
rooftop photovoltaic systems. The size of the
system that can be installed under the program is
limited by total on-site load at the customer
premises with the amount of the rebate varying
depending on estimated or actual system
performance.16 California is currently phasing out
the rebate program, as the market no longer requires
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the same degree of public support, though a federal
tax credit remains in place. The California Public
Utilities Commission is also considering an
investment plan which, amongst other items,
includes funding for the New Solar Homes
Partnership, a program that provides incentives for
rooftop solar on new construction.17 In keeping
with the state’s loading order, to qualify under the
program, homes must exceed the energy efficiency
requirements of the state building code by at least
15 percent.18 The policy justification for the
program is partially based on the potential
connection between distributed generation and plugin vehicles.19 In addition, the South Coast Air
Quality Management District has issued a
solicitation for five megawatts of distributed on-site
renewable electricity for transportation fuel in the
District.20
Net energy metering (“NEM”) is another policy that
facilitates implementation of distributed generation.
Net energy metering is an accounting and crediting
approach that allows customers with on-site
generation to receive bill credits for energy exported
to the grid when their systems are producing
electricity in excess of on-site need. These bill
credits are applied toward their energy bills, which
helps address the fact that solar systems generate
electricity during the day, while electric vehicles are
most likely to be charged during the night. The
California Public Utilities Commission recently
clarified that NEM new enrollments will be allowed
until the end of 2014, pending completion of a
review of program costs and benefits, including
costs to non-participating customers.21
Private sector partnerships are also underway to
meet the demonstrated consumer interest in both
PEVs and on-site renewables. Ford and Nissan
have partnered with SunPower, and BMW has
partnered with Real Goods Solar to offer residential
customers the opportunity to offset their vehicle
electricity demand through renewable energy.22
Clipper Creek, a manufacturer of PEV charging
equipment, recently announced a similar partnership
with SolarCity.23 On-site solar may also be an
attractive strategy for businesses to avoid potential
demand charges, especially if they are charging
during hours of peak electricity demand.
In addition to these efforts, the National Renewable
Energy Laboratory is investigating the use of on-site
renewables to power both battery electric and
hydrogen fuel cell vehicles.24 The potential for
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synergies across these technologies should be
considered when setting public and private R&D
priorities.

2.3

Off-Site Renewable Generation

Some utilities offer customers the opportunity to
contract directly with renewable energy providers or
purchase shares in local renewable energy projects.
The Sacramento Municipal Utility District’s “Solar
Shares” program allows customers to purchase a
portion of the electricity generated by a local onemegawatt solar farm. San Diego Gas & Electric
recently applied for approval from the California
Public Utilities Commission for a “Share the Sun”
program, which allows customers to contract
directly with solar developers for electricity
delivered by San Diego & Gas Electric. Such
programs allow PEV drivers who would like to
install on-site renewables, but who are unable to do
so, a chance to provide tangible support for
renewable generation. Utilities that already offer
off-site renewable programs should consider
targeting PEV drivers in outreach efforts, and
utilities with increasing numbers of PEV customers
should consider developing off-site renewable
programs to meet the potential customer demand.

2.4

Voluntary Purchases of Renewable
Energy Certificates

Voluntary purchases of Renewable Energy
Certificates (“RECs”) by utilities, charging service
companies, automakers, and consumers could prove
a scalable and affordable means to both support
renewable electricity development and improve the
public perception of the environmental benefits of
vehicle electrification. Innovators in this area
would be well suited for recognition at the US
EPA’s “Green Power Leadership” awards.
2.4.1

Definition of RECs

When a renewable energy facility operates, two
products are created: 1) the electrical energy; and 2)
the renewable attributes of that energy. These
renewable or “green” attributes can be sold
separately as RECs.
The Center for Resource Solutions (“CRS”) is the
nation’s leading certifier of RECs. The CRS
“Green-e” certification requires that the underlying
electricity be produced by a qualifying resource
built within the last 15 years. The purchaser of a
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Green-e certified REC has the sole right to make
renewable claims about the associated electricity.
To ensure the exclusivity of this right, CRS verifies
that RECs sold are “retired” on behalf of the
purchaser, are not sold to another entity, or used to
meet regulatory obligations. RECs are not reviewed
for “additionality,” i.e., whether a specific project
would have been built absent anticipated revenue
from the sale of RECs. Any investment decision in
a renewable energy project is contingent upon many
factors, including availability of transmission lines,
financing, tax incentives, and power purchase
agreements. The revenue available from the sale of
RECs is only a single component. However, a
functioning REC market supports additional
investment toward renewable energy by providing a
revenue stream that would not otherwise exist. This
should foster investments that would not otherwise
be made.25
2.4.2

Buying and Selling RECs

RECs are often purchased by electricity providers to
comply with state renewable energy goals, or
Renewable Portfolio Standards. “Appendix A”
contains a map of states with such policies in place.
Those goals vary state-to-state and sometimes
stipulate that the entity purchasing RECs must also
purchase the underlying electricity, and may require
certain percentages of in-state generation or
generation from preferred resources.26 Accordingly,
the price of RECs that can be used for compliance
purposes varies tremendously depending on the
requirements of the relevant state mandate.27
In voluntary markets, RECs are typically purchased
by organizations wishing to “green” their electricity
or by electricity providers that offer customers
voluntary “green pricing” programs.
Because
voluntary markets are not subject to the supply
constraints imposed by specific state policies, REC
prices can be lower than in compliance markets. Of
course, buyers are free to stipulate requirements
such as proximity to their state’s electricity grid and
can buy RECs that could otherwise be used for
compliance with state Renewable Portfolio
Standards, ensuring a high degree of additionality.
The cost of purchasing RECs sufficient to cover an
electric vehicle’s annual consumption appears to be
very small relative to both the cost of a vehicle and
the cost of the electricity necessary to charge it.
Two to four megawatt-hours, i.e., two to four RECs
representing one megawatt-hour each, would be
sufficient to cover most PEV owners’ annual
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electric driving needs.28 Currently, wholesale REC
prices are low in most markets, though trending
upwards. The cost of REC purchases sufficient to
meet annual vehicle consumption would be likely
under $20.29
2.4.3

PEV Owner Purchased RECs

Individual electric vehicle drivers can easily
purchase Green-e certified RECs online, though
entities such as corporate buyers wishing to
purchase at scale can often secure lower prices.30
Intel, Kohls Markets, and Whole Foods are
examples of corporations that purchase large
quantities of RECs.
2.4.4

Utility Supplied RECs

PEV drivers with access to utility green pricing
programs can already choose to have their utility
retire RECs on their behalf sufficient to meet their
household electricity consumption. Many utilities,
including Sacramento Municipal Utility District,
Los Angeles Water and Power, and smaller regional
utilities already offer customers voluntary green
pricing programs.31 Pacific Gas & Electric and San
Diego Gas & Electric both recently applied for
approval of green pricing options from the
California Public Utilities Commission.32 RECs
purchased for such green pricing programs are in
addition to those required by Renewable Portfolio
Standards.
Many utility REC programs in California have been
remarkably successful. The 20 percent participation
rate in the City of Palo Alto Utilities’ program leads
the nation and both PacifiCorp and Sacramento
Municipal Utility District were in the top four
utilities nationwide for voluntary renewable energy
sales per year.33 Nationally, however, only around
two percent of those utility customers who have the
option to choose green pricing do so.34 Utilities
wishing to expand green pricing programs could
offer PEV-specific programs, or could leverage the
increased energy awareness that accompanies
vehicle electrification to increase participation in
existing programs. Vehicle electrification could
also encourage greater numbers of utilities to offer
green pricing programs.
2.4.5

Automaker and Electric Vehicle
Charging Company Supplied RECs

Automakers and electric vehicle charging
companies can also purchase RECs on behalf of
their customers in order to further improve the
4

public perception of electric vehicles and encourage
additional sales. REC purchasing by automakers or
electric vehicle charging companies would also
ensure that all of their customers, in any utility
service territory, would have the option to support
clean energy.

in the San Diego area occurs between midnight and
5:00 A.M.
Figure 1: San Diego Gas & Electric PEV Charging
Profile39

BMW recently announced a partnership with Green
Mountain Energy to offer customers leasing the
BMW “ActiveE” the opportunity to purchase
Green-e certified RECs sufficient for vehicle
charging over the life of the two-year lease for a
single payment of $48.35 Participating customers
receive a window decal for their ActiveE reflecting
the decision to drive on wind energy.

2.5

Facilitating the Integration of
Variable Renewable Resources

The California Renewable Energy Resources Act of
2011 obligates electricity providers operating in
California to procure at least 33% percent of their
retail service from eligible renewable resources by
the year 2020.36 PEV electricity consumption will
not significantly add to overall renewable electricity
utility procurement requirements. Even if all of
California’s projected 2020 PEV fleet were to drive
exclusively on green electricity, it would equate to
around two to three percent of the total renewable
electricity that would be required to meet
California’s statewide renewable energy goal.37 In
fact, PEVs offer the opportunity to facilitate the
integration of large-scale renewables that do not
necessarily coincide with peak demand, such as
wind, which often peaks during the evening and
nighttime hours when vehicles are most often
charged.38
Time-variant rates, including “time-of-use” block
rates, already encourage off-peak charging when
wind turbines are often most productive. Timevariant rates are generally designed to reflect the
variable cost of service, including wholesale prices
and generation from eligible renewable resources.
Rates can be set on a whole-house basis for
residential customers, or specifically for PEV load if
separately metered. Time-of-use rates available to
California PEV customers have set prices for
different blocks of hours during the day, with high
prices during “peak” hours and lower prices during
“off-peak” hours. Figure 1 shows that San Diego
Gas & Electric has been very successful in coupling
time-of-use pricing with active customer education
and outreach. Approximately 80% of PEV charging
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PEVs could potentially provide even larger grid
benefits for California renewables integration if
charging times could be managed to match real-time
renewable generation while still meeting customer
needs. One option to match charging to real-time
generation is to provide an information service from
the California Independent System Operator to the
customer
via
utility
Advanced
Metering
Infrastructure, the Internet, or other means.
Customers could then adjust their charging schedule
to match the availability of renewable generation.
General Motors and PJM Interconnect are currently
testing the customer information option, leveraging
the Chevy Volt’s “OnStar” system to match
charging to renewable generation.40
Alternatively, a customer could pre-authorize
Fuel cell electric vehicles, along with
efficient gasoline powered vehicles and
PEVs, are part of California’s strategy
to reduce GHG by 80% in 2050 and cut
conventional pollutants.
Renewable
hydrogen for fuel cell vehicles faces
several challenges and opportunities
similar to those facing PEVs.
California has set a requirement for
33% renewable hydrogen, which can be
produced
both
from
renewable
electricity and other renewable feed
stocks such as biogas.
flexible charging schedules within certain
parameters or a company could actively manage
battery charging. For instance, Project Better Place
and PJM Interconnect have studied control by a
“Central Network Operator” as a potential cost
savings measure in the Baltimore-Washington
5

area.41 In 2009, BMW demonstrated this potential
in a partnership with the European utility,
Vattenfall, matching the charging needs of a MINI
E fleet with intermittent wind energy.42
Businesses with existing energy management
systems could test algorithms to shape PEV load in
response to forecasted renewable generation.
Companies that own and charge batteries leased to
customers that can aggregate load and leverage
existing battery charging control networks may
provide an additional opportunity to match charging
to renewable generation.
Intelligent load
management could also help customers avoid higher
on-peak prices and demand charges.
Several actions will help further the benefits of PEV
deployments for meeting renewables targets. The
first is educating customers on the benefits of timevariant rates and making such rates accessible to all
utility customers. More active load management
would require communications systems, protocols,
and technology, as well as appropriate rate
structures.
Developing and demonstrating the
technology and systems for active load shaping
should be a priority for public and private sector
PEV and renewable electricity R&D.
In the longer term, vehicle-to-grid (“V2G”)
technology which leverages vehicle batteries to
provide distributed energy storage to support the
grid may offer further opportunities to integrate
renewable resources and lower costs since vehicles
are parked for the vast majority of the day. The
technology faces challenges including battery
durability, utility distribution network management,
and two-way coordination between PEV owners and
utilities. However, as noted in a recent California
Plug-in Electric Vehicle Collaborative workshop on
the subject, several V2G pilot projects are
underway, and Governor Brown’s 2012 ZEV Action
Plan calls for the California Independent System
Operator to develop a “V2G Roadmap” to enable
the commercialization of V2G technology and
services.43
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reducing the state’s dependence on oil and fostering
a clean energy economy. Coordinating the state’s
PEV and clean energy programs would set a global
precedent. Were California its own country, it
would have the third largest number of PEV
deployments behind the US without California and
Japan.45 Specific near-term opportunities for
California policy-makers and stakeholders include:


Co-promoting utility and other PEV,
energy efficiency, distributed generation,
off-site renewable, and green pricing
programs.



Targeting “Energy Upgrade California” and
similar energy efficiency education and
outreach programs at potential and current
PEV owners and leveraging existing energy
efficiency programs to educate customers
about the benefits of PEVs.



Coordinating the installation of vehicle
charging equipment with energy efficiency
upgrades at state-owned buildings and
parking structures.



Encouraging PEV drivers, utilities, PEV
charging companies, and automakers to
purchase RECs sufficient to offset PEV
driving.



Conducting the customer education and
outreach necessary to ensure PEV charging
occurs during off-peak hours when adverse
impacts to the distribution grid are
minimized and the potential to integrate
off-peak renewable resources is the
greatest.



Supporting
the
development
of
communications systems and pilot projects
to demonstrate managed PEV charging to
match large-scale renewables availability,
while exploring research of vehicle-to-grid
technology in the longer term.

Conclusion

Governor Brown’s Executive Order focused on
zero-emission vehicles includes a goal of reducing
the state’s greenhouse gas emissions by 80%
relative to 1990 levels by the year 2050.44
California has a golden opportunity to leverage PEV
technology, renewable electricity, and energy
efficiency programs to meet this goal while
Plugging Vehicles into Clean Energy
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RPS Policies

www.dsireusa.org / June 2012
WA: 15% x 2020*
MT: 15% x 2015

(Xcel: 30% x 2020)

NV: 25% x 2025*

SD: 10% x 2015 WI: Varies by utility;
~10% x 2015 statewide
CO: 30% by 2020 (IOUs)
IA: 105 MW
10% by 2020 (co-ops & large munis)*

KS: 20% x 2020

UT: 20% by 2025*

RI: 16% x 2020

NY: 29% x 2015

CT: 27% x 2020

OH: 25% x 2025†

IL: 25% x 2025
CA: 33% x 2020

IN: 10% x 2025†

PA: ~18% x 2021†
WV: 25% x 2025* †

VA: 15% x 2025*

NJ: 20.38% RE x 2021
+ 5,316 GWh solar x 2026

MO: 15% x 2021

AZ: 15% x 2025

OK: 15% x 2015

NM: 20% x 2020 (IOUs)

NH: 23.8% x 2025
New RE: 15% x 2020
(+1% annually thereafter)

x 2015*

5% - 10% x 2025 (smaller utilities)

ME: 30% x 2000

New RE: 10% x 2017

MA: 22.1% x 2020

MI: 10% & 1,100 MW

ND: 10% x 2015

OR: 25% x 2025 (large utilities)*

VT: (1) RE meets any increase
in retail sales x 2012;
(2) 20% RE & CHP x 2017

MN: 25% x 2025

MD: 20% x 2022
NC: 12.5% x 2021

(IOUs)
10% x 2018 (co-ops & munis)

10% x 2020 (co-ops)

TX: 5,880 MW x 2015

DE: 25% x 2026*
DC

DC: 20% x 2020
PR: 20% x 2035

HI: 40% x 2030

29 states +
Renewable portfolio standard
Renewable portfolio goal
Solar water heating eligible

Minimum solar or customer-sited requirement

*†

Extra credit for solar or customer-sited renewables
Includes non-renewable alternative resources

DC and PR have
an RPS
(8 states have goals)

Source: Database of State Incentives for Renewables and Efficiency.
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