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Widespread adoption of electric vehicles (EVs) is an essential strategy for driving carbon 
pollution out of the transportation sector.1 Large-scale deployment of EVs can also help 
replace dirty power plants with clean energy like wind and solar power. And EVs powered  
by those renewable resources are virtually emissions-free.

Realizing this potential requires a robust network of 
charging stations where consumers live, work, and play. 
Such a network will pave the way for a larger and more 
diverse EV market. Electric utilities are uniquely positioned 
to facilitate the creation of this network because they can 
make use of spare grid capacity to charge EVs, generating 
significant new revenues. In turn, the growing customer 
investment in EVs with large, advanced batteries can be 
leveraged to bring more renewable energy into the system.

With the right policies, the power and scale of the electric 
industry could be unleashed to transform the way America 
travels while saving us money and protecting our health, 
environment, and economy from dangerous climate change.

Putting the transportation sector, which accounts for a 
third of U.S. carbon pollution, on track to meet the nation’s 
climate goals requires greatly accelerating EV sales.2 EVs 
will need to account for 40 percent or more of new vehicle 
sales by 2030, up from the current less than 1 percent, 
in order to meet long-term carbon-reduction targets, 
according to numerous studies.3

This is not impossible. In a period of about two weeks, 
almost 400,000 people put down $1,000 deposits for the 
next-generation, moderately priced Tesla.4 However, 
Tesla may be forced to return many of those deposits, if 
the charging infrastructure network does not catch up to 
consumer demand. A major barrier to the growth of the EV 
market is the lack of charging stations outside of single-
family detached homes, where more than 80 percent of 
current EV owners live.5

A substantial investment is needed. By way of example, 
to meet California’s EV deployment goals, it is estimated 
125,000 to 220,000 publicly accessible charging ports are 
needed by 2020, a dramatic increase from the estimated 
10,000 the state has today.6 And hundreds of thousands of 
additional charging stations at apartment complexes and 
other multi-unit dwellings will be needed over the same time 
period to unleash the pent up demand from consumers who 
do not live in single-family detached homes. 

The electric industry is uniquely positioned to accelerate 
the EV market and help meet air quality standards and 
climate goals by deploying more charging stations and 
educating customers on the benefits of driving on electricity.

Executive Summary

As noted in a recent National Academies of Science study, 
only utilities can capture the “incremental revenue from 
additional electricity that EV drivers consume at home, 
where roughly 80 percent of the charging takes place,” and 
use it to increase access to electricity as a transportation 
fuel.7 This means serving the “garageless” who cannot 
buy a plug-in electric vehicle because they are not able to 
plug it in at home, and growing the market in low-income 
communities that are historically exposed to dangerous air 
pollution and also the most vulnerable to volatile gas prices. 
It also means deploying charging stations at workplaces and 
other visible locations to drive new sales, alleviate “range 
anxiety” (fear of running out of juice while driving), and 
make greater use of solar energy that generally peaks when 
people are away from home. Combined with residential 
charging, which ensures EVs are plugged in overnight when 
wind power is abundant, this maximizes the availability of 
EVs to support the grid.

Researchers at the Pacific Northwest National Laboratory 
found sufficient spare capacity in the nation’s grid to power 
nearly all of our passenger cars and trucks, if vehicle 
charging is properly managed.8 Charging EVs during 
hours when the grid is underutilized increases utility 
revenues without commensurate increases in costs, putting 
downward pressure on electricity rates. This effect is the 
opposite of the utility “death spiral,” whereby increasing 
costs borne by a decreasing pool of customers causes rate 
increases that drive away more customers, leaving those 
who cannot afford distributed (onsite) generation or home 
energy storage to pay for an aging grid. In fact, a recent 
study estimates large-scale commercialization of EVs in 
California would generate net revenues of $2 billion to $8 
billion for Southern California Edison (SCE), San Diego Gas 
& Electric (SDG&E), Pacific Gas & Electric (PG&E) and the 
Sacramento Municipal Utility District (SMUD), enough to 
allow those utilities to both invest in charging infrastructure 
and reduce consumer bills.9

Electric utilities can also leverage the growing number 
of EV batteries already on the road to absorb increasing 
amounts of wind and solar electricity that may otherwise 
be dumped if it is not generated at times when there is 
sufficient demand. The charging of EVs can be managed to 
avoid hours when the grid is strained and to coincide with 
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hours when renewable energy is plentiful, avoiding the need 
to either spill valuable clean energy or invest in stand-alone 
energy storage.

In the future, EV batteries could even put electricity 
back onto the grid when it is most needed. This can be 
accomplished both via “vehicle-to-grid” or “V2G” (storing 
energy in EVs and putting it back onto the grid later) and via 
“Battery Second Life” (storing energy in used EV batteries 
redeployed as stationary energy storage and putting it 
back onto the grid later). American drivers have already 
purchased, in the form of EV batteries, more than enough 
energy storage to power all the homes in the District of 
Columbia on an average day.10 That sunk investment grows 
with every EV purchase. Researchers at the National 
Renewable Energy Laboratory (NREL) estimate massive 
amounts of energy storage will likely be needed to balance 
a U.S. electric grid that is 80 percent renewable by the year 
2050.11 That need could theoretically be met entirely with 
batteries from as few as 10 percent of the EVs on the road 
in that year.12 Stand-alone energy storage on that scale 
could require an investment somewhere between $120 
billion and $180 billion.13 Directing even some portion of 
that investment away from capital-intensive, utility-scale 
projects and toward EV drivers to provide energy storage 
with the batteries they have already purchased could reduce 
the cost of transitioning to a cleaner grid and accelerate the 
electrification of the transportation sector.

To realize this potential, we need utility policies to unleash 
greater investments in charging infrastructure and other 
programs that expand EV adoption in a manner that 

TABLE ES-1: THE THREE PHASES OF UTILITY ELECTRIC VEHICLE MARKET-ACCELERATION POLICY

1. Removing Barriers To Adoption, Ensuring Grid Reliability, And Maximizing Fuel Cost Savings

Clarify that electric vehicle charging companies will not be regulated as utilities

Inform distribution system planning

Provide consistent and fair treatment of electric vehicle load

Adopt appropriate rates to maximize fuel savings and manage charging

Target customer education and outreach programs

2. Closing the Charging Infrastructure Gap and Promoting Equity

Utility-facilitated deployment of charging infrastructure

Increase access to electricity as transportation fuel in disadvantaged communities

Promote broader awareness through mass-market education and outreach

3. Capturing the Value of Grid Services and Integrating Renewable Energy

Implement traditional demand response programs for electric vehicle customers

Implement advanced demand response programs for electric vehicle customers

Integrate V2G and battery second life programs into wholesale and retail markets

supports the grid and returns the value of doing so to EV 
drivers. Utility policies to accelerate the EV market can 
be broken down into three phases, as shown in Table ES-
1. Phase 1 removes barriers to EV purchases, facilitates 
a competitive market for third-party charging services, 
prepares utilities to integrate EV load, and encourages 
drivers to charge in a manner that avoids adverse grid 
impacts and maximizes their fuel cost savings relative 
to gasoline. Phase 2 focuses on infrastructure, equity, 
and education programs to accelerate the EV market and 
increase access to electricity as a transportation fuel. Phase 
3 develops managed charging programs so that EVs can 
facilitate the integration of renewable energy and provide 
other grid services, and returns the value of such services to 
EV drivers to further accelerate the market.

Phase 1 presents the most pressing issues, but the 
foundations for Phase 2 and Phase 3 must be laid today in 
order to realize the long-term benefits of widespread EV 
adoption. Now is the time for utilities and utility regulators 
to act. Short-term delays could result in a near-impossible 
task in the future, as it takes decades to turn over the 
nation’s vehicle fleet. It is estimated that traffic pollution 
causes more than 50,000 premature deaths annually 
in the lower 48 states, which is more than 1.5 times the 
deaths from traffic accidents on an annual basis.14 The 
electric industry should move quickly to bring forward the 
environmental and economic benefits of moving America off 
oil—once and for good.
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Achieving long-term greenhouse gas (GHG) reduction 
targets in the United States and internationally requires 
large-scale deployment of electric vehicles (EVs), including 
both pure battery electric vehicles and hybrids that can 
be plugged into the grid, increasingly fueled by renewable 
electricity. Electric utilities are singularly positioned to 
provide ubiquitous access to charging—while supporting 
the grid and facilitating its transition to variable resources 
like wind and solar energy, benefiting all customers, and 
returning value to EV drivers.

Studies show that putting the transportation sector on 
track to meet long-term GHG reduction goals requires 
greatly accelerating the sale of EVs—currently less than 1 
percent of new sales—in the near term.15 Fortunately, the 
initial U.S. market launch of EVs has been highly successful. 
Over the first five years of sales, from 2011 to 2015, about 
388,000 EVs were sold; that is comparable to the number 
of conventional hybrid electric vehicles (which cannot be 
plugged into the grid) sold during their first five years on the 
U.S. market.16 Electric vehicles have also enjoyed extremely 
high levels of customer satisfaction: 98 percent of Tesla 
Model S owners, 85 percent of Chevrolet Volt owners, 
and 77 percent of Nissan LEAF owners report they would 
definitely purchase the same vehicle again.17 Over the next 
couple of years, the number of models will almost double, 
and these next-generation models promise improved range 
and performance. Battery costs have been falling more 
rapidly than previously predicted and will continue to drop. 
In a period of about two weeks, almost 400,000 people put 
down $1,000 deposits for the next-generation, moderately 
priced Tesla Model 3.18 

However, without major new market-transformation 
policies, the EV market could stall before it reaches a 
critical tipping point. To achieve mass commercialization, 
EVs must overcome three key barriers: higher initial 
purchase prices, concerns over lack of charging stations 
and range, and low consumer awareness. Utilities can 
accelerate the mass commercialization of EVs by reducing 
the cost of ownership through appropriate rate design 

and compensating EV drivers for valuable grid services, 
deploying charging infrastructure that can act as a grid 
resource and reduce range anxiety, and conducting 
customer education and outreach.

The electric industry is one of the few that have the power 
to challenge the market dominance of the oil industry. 
Utility-scale investment is also needed to facilitate 
the expansion of the nascent competitive EV charging 
service industry. Since they provide the fuel, utilities and 
independent EV charging service companies play a critical 
role in determining the success of the EV market. With 
the right programs to manage charging, widespread EV 
adoption could benefit the entire utility system and its 
customers.

Electric vehicles are not the only form of fuel-switching that 
can reduce overall emissions, but substituting electricity 
for petroleum fuels has the greatest potential to reduce 
emissions of any electrification opportunity. Likewise, 
no other single customer-side resource combines the 
attributes of a typical EV that could be utilized to support 
the grid. A 2016 Nissan LEAF can store as much electricity 
as the average American home uses in a day, equal the 
instantaneous demand of several homes, and be recharged 
while its owner is sleeping, eating, working, or doing 
anything other than driving. 

Utility programs that maximize the storage, power, and 
flexibility of EVs can benefit all utility customers. Charging 
EVs when there is spare grid capacity avoids the need for 
new capital investments and provides additional revenue 
without a commensurate increase in costs, thereby putting 
downward pressure on electricity rates. By providing 
valuable grid services that facilitate the integration 
of variable renewable resources like wind and solar, 
widespread EV adoption can also lower the costs of de-
carbonizing the electricity sector. Achieving this promise 
requires the rapid adoption of major new utility programs 
and policies that can drive out pollution while benefiting the 
power grid and its customers.

A. Introduction 
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1. ELECTRIC VEHICLES AND CLEAN POWER ARE NEEDED 
TO SOLVE GLOBAL WARMING AND AIR POLLUTION
Numerous independent studies have come to the same 
conclusion: reducing global warming pollution to 80  
percent below 1990 levels by 2050 will require a dramatic 
shift to electric vehicles powered by renewable and other 
zero-carbon energy sources.19 Because just 15 million to  
17 million passenger vehicles are sold each year in the 
United States, it will take decades to transform the existing 
U.S. stock of 250 million vehicles. To meet long-term GHG 
emissions reduction targets, studies have estimated EVs will 
need to account for 40 percent or more of new vehicle sales 
by 2030.20 

Electric vehicles are also increasingly needed to meet clean 
air standards in the most polluted areas of the country. It 
is estimated that traffic pollution causes more than 50,000 
premature deaths annually in the lower 48 states, which 
is more than 1.5 times the deaths from traffic accidents on 
an annual basis.21 In California, regulators have concluded 
that broad deployment of zero- and near-zero-emissions 
technologies in the South Coast and San Joaquin Valley air 
basins will be needed between 2023 and 2032 to comply 
with current federal health-based air quality standards. The 
regulators also project that by 2040, all passenger vehicles 
sold in California will need to be zero-emissions vehicles.22 
Major metro areas outside of California with dangerous 
levels of air pollution, such as Houston and Dallas, are 
increasingly looking to EVs to comply with federal air 
quality standards.23 In light of the pressing need to combat 
dangerous air pollution, 13 North American and European 
governments, including those of Germany, the United 
Kingdom, California, Connecticut, Maryland, and New York, 
signed a pact to ensure that all new vehicles sold be zero-
emissions vehicles by 2050.24

2. UTILITY INVESTMENT IN CHARGING INFRASTRUCTURE 
IS NEEDED TO EXPAND THE ELECTRIC VEHICLE MARKET
It is becoming increasingly clear that a new model is 
needed to deliver the robust charging network necessary 
to accelerate EV adoption. Market research shows that 
consumers’ top four reasons for rejecting EVs were all 
related to lack of infrastructure or range.25 Survey analysis 
by the National Renewable Energy Laboratory (NREL) 
shows that the lack of infrastructure for alternative-fuel 
vehicles is as much of a barrier to adoption as incremental 
vehicle price.26 To date, the limited charging infrastructure 
that exists beyond single-family homes has generally 
been deployed by government, automakers, and start-
up charging service companies. This model is unlikely 
to deliver the comprehensive network needed to meet 

long-term emissions reduction goals. Electric utilities are 
singularly positioned to close the charging infrastructure 
gap. Utilities can work with third-party charging service 
providers to leverage existing customer relationships and 
their knowledge of the electric grid to capture the value of 
grid services provided by EVs and increased revenues from 
well-managed residential charging, which meets the vast 
majority of fueling needs.27

Recent studies have concluded that expanding charging 
infrastructure is critical to increasing EV adoption. As 
explained by the “network effect” of market diffusion, 
consumer valuation of EVs increases with the number of 
charging stations, but investors are less willing to build 
stations when the EV market is small (this is also known 
as the classic “chicken or the egg” problem). Researchers 
from Cornell University analyzed network effects associated 
with quarterly EV sales in 353 metro areas. They found that 
“the increased availability of public charging stations has 
a statistically and economically significant impact on EV 
adoption decisions.”28 Another recent study of global EV 
markets concluded that of all the factors examined, charging 
infrastructure was the best predictor of a country’s EV 
market share.29 

Recent investments by automakers further illustrate the 
importance of infrastructure in driving increased sales. 
BMW, Volkswagen, and Nissan have pledged to help finance 
more than 1,000 publicly available stations in key U.S. 
markets. In Japan, Nissan, Honda, Toyota, and Mitsubishi 
have agreed to fund one-third of the cost of installing 12,000 
public charging stations (with the balance provided by 
the government). According to Nissan’s market research, 
sufficient charging infrastructure would double the number 
of Leading, Environmentally-friendly, Affordable, Family 
(LEAF) car owners who would repurchase an EV.30 Nissan 
also saw a marked increase in LEAF sales in 2013 when the 
company deployed a large number of direct current (DC) 
fast charging stations at dealerships across North America 
and Europe.31 Similarly, Tesla officials report their DC fast 
charging network has been critical to growing sales of the 
Model S sedan.32

However, deploying charging infrastructure is not the core 
business of automakers. After all, automakers did not enter 
the gas station business to sell gasoline-powered vehicles. 
Likewise, while state and federal programs have supported 
much of the existing charging network, public funding 
alone will likely not be sufficient to meet the scale of the 
challenge.

Even California, which has been a strong supporter of 
infrastructure deployment and has almost 30 percent of the 
nation’s publicly available charging ports, still falls far short 

B. The Need for Utility Electric Vehicle Programs 
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of what is needed to scale up the EV market.33 According 
to a study by NREL, to support 1 million EVs, California 
would need 125,000 to 220,000 publicly accessible charging 
ports (including those deployed at workplaces), a dramatic 
increase from the estimated 10,000 the state has today.34

To meet emissions reduction goals, we need to rapidly 
increase our investment in infrastructure. Unfortunately, 
private financing of the installation and operation of 
charging stations alone does not appear to be sufficient. 
A recent study commissioned for the state of Washington 
found that “charging station business models that rely solely 
on direct revenue from EV charging services currently are 
not financially feasible” and that viable business models 
must “capture other types of business value in addition to 
selling electricity.”35 The challenge is especially acute for 
DC fast charging stations, which have high capital costs 
and can be subject to demand charges meant to recover 
investments needed to meet peak electricity demand.

Utilities are uniquely situated to capture the system-wide 
benefits of a comprehensive charging network. As noted in 
a recent National Academies of Science study, utilities can 
capture the “incremental revenue from additional electricity 
that EV drivers consume at home, where roughly 80 percent 
of the charging takes place” and use that revenue to both 
deploy charging stations and reduce rates and bills for all 
customers.36

Increasing access to electricity as a transportation fuel is 
a natural fit for the electric industry. A multi-state survey 
conducted by researchers at the University of California, 
Davis reveals EV drivers believe utilities should lead the 
deployment of charging infrastructure.37 Building upon 
their history of helping to transform the market for energy 
efficiency and renewable energy, utilities are also well 
situated to deploy infrastructure, especially in segments 
where the need is greatest, such as:

Apartment Complexes and Other  
Multiunit Dwellings
Drivers are unlikely to purchase plug-in vehicles if they 
cannot plug in at home, where cars are parked for 12 hours 
out of every day and the vast majority of driving needs can 
be met with overnight charging.38 Unfortunately, less than 
half of U.S. vehicles have reliable access to a dedicated off-
street parking space at an owned residence where charging 
infrastructure could be installed.39 More than 80 percent 
of EV drivers live in single-family detached homes.40 It is 
essential for the EV market to move beyond the suburbs 
to meet long-term climate and air quality goals. Installing 
charging stations at apartment buildings and other multiunit 
dwellings could unlock the potential for a broader, younger, 
and more diverse market for the next generation of EVs. 
Utilities can leverage existing customer relationships, 
knowledge of the electric grid, and economies of scale to 
deploy charging stations in this critical but underserved 
market.

Workplaces and Other Long-Dwell- 
Time Locations
Adding charging stations to workplaces can both extend 
range for drivers and increase EV visibility, which can 
spur additional vehicle sales. Nissan credits a workplace 
charging initiative with a fivefold increase in monthly 
EV purchases by employees at Cisco Systems, Coca-
Cola, Google, Microsoft, and Oracle.41 Likewise, the U.S. 
Department of Energy (DOE) recently concluded that 
employees of companies participating in its Workplace 
Charging Challenge were 20 times more likely to drive an 
EV than the average worker.42 Workplace charging can also 
increase electric miles driven, especially for drivers of plug-
in hybrid vehicles with shorter all-electric ranges, reducing 
their reliance on petroleum. Utility-facilitated deployments 
of grid-integrated charging infrastructure at workplaces 
and other long-dwell-time locations such as park-and-
ride commuter lots also ensure EVs are available in the 
afternoon to serve as a form of energy storage to absorb 
peak production from solar energy (see Section 4).

Public Fast Charging
Nine days out of ten that a car is driven, it is driven less 
than 70 miles, which is well within the range of today’s 
pure battery electric vehicles, but the lack of fast charging 
infrastructure needed to make that one-in-ten trip remains 
a significant obstacle to the purchase of pure battery EVs.43 
Drivers’ purchase decisions are often disproportionately 
influenced by rare use cases; for example, the off-road 
capability of SUVs remains a driving force behind their 
market dominance, even though that capability is almost 
never used. Consumer research shows the lack of “robust 
DC fast charging infrastructure is seriously inhibiting the 
value, utility, and sales potential” of typical pure-battery 
electric vehicles.44 Unfortunately, without extremely high 
utilization rates, it is difficult for private firms to recoup 
installation costs and cover operating expenses, including 
utility demand charges that are meant to recover grid 
investments needed to serve customers with high power 
requirements.45 As the keepers of the electric grid, utilities 
are singularly situated to facilitate the deployment of fast 
charging stations that incorporate strategies to minimize 
the need for additional grid investments, including managing 
the demand of both charging stations and other loads, 
as well as on- and off-site energy storage. Utility-funded 
researchers are also in the process of developing more 
efficient utility fast charging stations that require less power 
to deliver the same amount of electricity.46 Utilities are 
also uniquely able to fund the deployment of fast charging 
stations needed for widespread EV adoption with additional 
revenues derived from the residential charging that will 
occur as a result of greater adoption and use of EVs.
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3. WIDESPREAD AND WELL-MANAGED  
ELECTRIC VEHICLE CHARGING CAN BENEFIT  
ALL UTILITY CUSTOMERS
Charging electric vehicles predominantly during off-peak 
electricity hours (when the electric grid is underutilized 
and there is plenty of spare capacity in the generation, 
transmission, and distribution system) allows utilities to 
avoid new capital investments while capturing additional 
revenues, lowering the average electricity cost for all their 
customers. This effect is the opposite of the utility “death 
spiral,” whereby increasing costs borne by a decreasing pool 
of customers causes rate increases that drive away more 
customers, leaving those who cannot afford distributed 
generation or home energy storage to pay for an aging grid.

Researchers at the Pacific Northwest National Laboratory 
found sufficient spare capacity in the nation’s electric grid 
to power virtually the entire light-duty passenger vehicle 
fleet, if vehicle charging load is integrated during off-peak 
hours and at lower power levels.47 As the grid becomes 
more dominated by renewable energy generation that 
varies depending upon the weather, time of day, and season, 
the amount of spare capacity may grow even larger. The 
same researchers also modeled impacts on the marginal 
cost of utility service associated with transformative 
transportation electrification for two utilities, Cincinnati 
Gas & Electric and San Diego Gas & Electric (SDG&E). The 
results of a 60 percent plug-in hybrid penetration scenario 
in SDG&E territory are illustrated in Figure 1.

These results do not reflect all the complexities of SDG&E’s 
systems, but the directional shift (~20 percent reduction 

FIGURE 1: SDG&E COST OF SERVICE BEFORE AND  
AFTER WIDESPREAD ELECTRIC VEHICLE ADOPTION

FIGURE 2: PRESENT VALUE OF EV ADOPTION IN CALIFORNIA THROUGH 2030, BY RATE SCENARIO

in the cost of service) is significant. All customers would 
benefit from this shift in the form of lower electricity bills.

Using standard regulatory cost benefit tests, recent analysis 
conducted by Energy and Environmental Economics (E3) 
demonstrates that the body of utility customers is likely to 
benefit from the additional revenue provided by properly 
managed EV charging. Figure 2 presents results from the 
Ratepayer Impact Measure test, a restrictive test that fails 
to account for systemic benefits, for a typical California 
utility under typical rate structures. It reveals that, by 2030, 
EVs will contribute $2 billion to $8 billion more in revenue 
to SCE, SDG&E, PG&E and SMUD than they cost to serve, 
putting downward pressure on rates for all customers.

Notes: Based on California utility system, 
assuming charging occurs predominantly 
when the system is underutilized. Net 
revenues are positive under ”Tiered,” 
”Flat,” and “TOU” (time-of-use) rate 
structures and a “Mixed” TOU/Tiered 
scenario. Under TOU rates, EV owners 
are rewarded for charging during hours 
of the day when the cost of energy is at 
its lowest, resulting in smaller, but still 
significant, net revenues. 

FIGURE 2: PRESENT VALUE OF EV ADOPTION IN CALIFORNIA THROUGH 2030 BY RATE SCENARIO
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utility to procure electricity and add 
new generation capacity to the 
system. Net revenues are positive 
under ”Tiered,” ”Flat,” and “TOU” 
(time-of-use) rate structures, and a 
“Mixed” TOU/Tiered scenario. 
Under TOU rates, EV owners are 
rewarded for charging during hours 
of the day when the cost of energy is 
at its lowest, resulting in smaller, but 
still significant net revenues. 

(Adapted from Kintner-Myer et al., 2007) 48

(Environmental and Energy Economics, California Transportation Electrification Assessment—Phase 2: Grid Impacts)49



Page 10  DRIVING OUT POLLUTION: HOW UTILITIES CAN ACCELERATE THE MARKET FOR ELECTRIC VEHICLES NRDC

To capture the potential of widespread EV adoption to 
benefit all customers, utilities should implement rate 
designs and programs to ensure EV charging occurs 
predominantly when there is excess capacity in the grid. 
SDG&E has already demonstrated that the combination of 
time-of-use rates and education and outreach can push 80 
percent of EV charging to the hours between midnight and 
5 a.m., the “super off-peak” period on the utility’s EV tariff 
(see Figure 7).50 Such time-of-use rates are likely sufficient 
to integrate EV load in the early market. However, analysis 
conducted by SMUD shows that more sophisticated forms of 
load management, such as the use of dynamic price signals 
or advanced demand response, will likely be needed to 
minimize costs and allow for net benefits as the EV market 
scales up.51

4. ELECTRIC VEHICLES CAN PROVIDE VALUABLE  
GRID SERVICES
Already highly valued by grid operators and utilities, 
flexible resources that keep the grid stable by ensuring 
electricity demand and supply remain perfectly in sync 
will become increasingly valuable as variable resources 
like wind and solar replace fossil and nuclear generation. 
With the right policy framework, utilities can leverage 
the growing customer sunk investment in EV batteries to 
capture this value and use it to drive additional EV sales. 
Rewarding EV customers for facilitating the transition to 
renewable energy could prove a sustainable replacement 
for federal and state purchase incentives that are likely to 
be phased out as the EV market moves beyond the early-
adopter segment.

Electric Vehicles Represent a Unique 
Opportunity to Support the Grid 
American drivers have already purchased approximately 
11 gigawatt-hours (GWh) of advanced battery storage in the 
form of EV batteries, more than enough to power all the 
homes in the District of Columbia on an average day.52 This 
sunk investment grows with every new EV purchase and 
represents a unique opportunity to support the electric grid. 
There is no other single customer-side “smart appliance” 
that combines the potential for immense flexibility with 
significant capacity for both power and storage.

Peak demand for electricity generally occurs during 
the early-evening hours when people return home from 
work, turn on the lights, crank up air conditioners, 
watch television, and do all the other things that require 
electricity—most of which can be done only when people 
are at home and awake. In contrast, EVs can be charged 
whenever they are not being driven, which is 96 percent of 
the average day, as shown in Figure 3, provided they have 
access to charging stations.

The average American drives 35 miles per day.54 Using a 
standard 120-volt wall outlet and the “level 1” charging 
cords that are provided with every EV, 35 miles’ worth 
of electricity can be delivered in nine hours of low-power 

charging that can easily be accomplished during off-peak 
hours for the electricity grid. Using “level 2” charging 
equipment, which plugs into a 240-volt outlet (like those 
used by clothes dryers), 35 miles of electricity can be 
delivered in two hours. This provides an immense amount of 
flexibility, considering the typical EV is parked for 23 hours 
a day. That flexibility means an EV battery could satisfy 
typical driving needs while supporting the electric grid and 
providing EV drivers with significant value.

The Types of Grid Services Electric Vehicles 
Could Provide
Imagine a vehicle that stops charging when demand for 
electricity peaks in the early evening and begins again 
late at night when most people are asleep and electricity 
is cheap. Now picture that EV being driven to work in the 
morning, charging up on excess solar generation during the 
afternoon, being driven home, selling electricity back to the 
grid when demand peaks in the evening, and then recharging 
again at midnight when there is an oversupply of cheap wind 
energy. Imagine further that after many years of service, 
when the battery in that EV has lost enough capacity that 
it no longer provides the range its driver requires, it is 
redeployed as a form of stationary energy storage that 
could be charged and discharged whenever or wherever 
most needed to support the grid. All of these functions 
are already being proved in the real world. They can be 
categorized as follows:

1.  Traditional Demand Response: Turning charging off.

2.  Advanced Demand Response: Turning charging on or  
off and/or changing the rate of charging.

3.  Vehicle-to-Grid, or V2G: Putting electricity stored in  
EVs back onto the grid.

FIGURE 3: ESTIMATED PERCENTAGE OF TIME EVs SPEND BY LOCATIONFIGURE 5: MOST IMPORTANT REASON
TO ACQUIRE AN ELECTRIC VEHICLE 

Driving
4%

Home
50%

Parked
elsewhere

46%

(Adapted from Langton & Crisotomo, Vehicle-Grid Integration, California Public 
Utilities Commission)53
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4.  Battery Second Life: Putting electricity stored in used EV 
batteries redeployed in stationary applications back onto 
the grid.

These four functions can potentially provide the full range 
of services required to keep the grid stable at all levels. 
Supply of electricity must instantaneously and precisely 
match demand to prevent blackouts. Yet both demand 
and supply of electricity change by the second, minute, 
hour, day, and season. Grid operators must maintain this 
equilibrium, even as they integrate greater levels of variable 
renewable resources, like wind and solar.

This holds true across the entire electric grid, which 
comprises both a transmission and a distribution system 
operated by different entities. The transmission system 
moves electricity from power plants in bulk, often 
across state lines. It is kept in balance by independent 
system operators (ISOs), such as the California ISO, and 
regional transmission organizations (RTOs), such as 
PJM Interconnection, which operate wholesale energy 
markets. The distribution system delivers electricity from 
the transmission system to retail customers in homes 
and businesses. Its reliability is ensured by local utilities. 
Utilities, ISOs, and RTOs rely on the transmission and 
distribution system grid services to keep the whole system 
in balance.

Transmission System Grid Services
  “Day-Ahead Resources,” typically bid into wholesale 

markets one day before deployment, must be able to 
turn on within minutes, reach full power within 30 
minutes, and be maintained for about four hours. These 
resources are typically used only 5 to 20 days per year, 
often to meet peak demand from air conditioners during 
heat waves. “Ancillary Services” (including “Frequency 
Regulation” and “Spinning Reserves”) meet the 
instantaneous needs of the grid, requiring an immediate 
response for up to 30 minutes. These are called upon 
several times per day for around 50 days a year. For more 
than a century, procuring “Day-Ahead Resources” and 
“Ancillary Services” meant building expensive fossil-fuel 
power plants, called “peakers,” that sat idle most of the 

year; a single typical peaker natural gas plant costs about 
$120 million to build at $1,200 per kW of capacity.55 
In some regions, peaker plants are supplemented by 
“Pumped Hydro Storage” facilities that pump water uphill 
and use gravity to power turbines at a later time. This is 
by far the most widely deployed form of energy storage 
currently operating, but it is expensive and it has a large 
geographic footprint.56

Distribution System Grid Services
  Local utilities often rely on customer-side resources 

to defer upgrades to equipment such as neighborhood 
transformers. To date, this has meant rewarding 
participating utility customers for occasionally turning 
things off (“Traditional Demand Response”) or firing 
up diesel generators during peak-demand hours. In the 
future, “Advanced Demand Response” programs could 
reward customers for allowing things to be automatically 
turned off, on, down, and up in a manner that still meets 
their needs. Customer-side energy storage resources 
could also provide “Power Quality” (keeping local 
voltage, frequency, and power stable to protect critical 
equipment), “Energy Arbitrage” (storing electricity 
during hours when it is cheap, and either using it later 
or selling it back to the grid when it is expensive), 
and “Demand Charge Mitigation” (managing on-site 
consumption to minimize “demand charges” on utility 
bills, which recover investments needed to accommodate 
peak demand).

As shown in Table 1, the four categories of EV functions 
can provide the full spectrum of grid services at both the 
transmission and distribution system levels.

Utility-scale projects take years to finance, permit, and 
construct and can be difficult to site where they are 
most needed. In contrast, EVs can be scaled precisely 
and deployed strategically to provide the full spectrum 
of grid services required at the transmission level by 
ISOs and RTOs operating wholesale markets, and at the 
distribution level by local utilities that interact directly 
with retail customers. The challenges associated with 
relying on vehicles, the primary purpose of which is to 

TABLE 1: GRID SERVICES THAT ELECTRIC VEHICLES COULD POTENTIALLY PROVIDE, BY GRID SEGMENT

Electric Vehicle Function
Potential Grid Services, by Grid Segment

Transmission Distribution

Traditional Demand Response: 
Powering charging down or off

Day-ahead resource, spinning reserve Grid upgrade deferral, demand charge 
mitigation

Advanced Demand Response: 
Powering charging down, off, on, or up

Day-ahead resource, spinning reserve, 
frequency regulation, one-way energy 
storage

Grid upgrade deferral, demand charge 
mitigation, energy arbitrage

Vehicle-to-Grid (“V2G”): 
Discharging energy stored in EVs  
back to the grid

Day-ahead resource, spinning reserve, 
frequency regulation, two-way energy 
storage

Grid upgrade deferral, power quality, 
demand charge mitigation, energy arbitrage 

Battery Second Life: 
Deploying used EV batteries as stationary 
energy storage

Day-ahead resource, spinning reserve, 
frequency regulation, two-way energy 
storage

Grid upgrade deferral, power quality, 
demand charge mitigation, energy arbitrage 
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provide mobility, to also provide grid services can be largely 
mitigated with sufficient scale; with a large enough fleet, 
the fact that some vehicles are not available at any given 
moment becomes increasingly irrelevant because enough 
other vehicles will be available at that time.

Electric Vehicles Can Provide a Variety of Grid 
Support and Storage Services to Meet Unique 
Regional System Needs
Integrating higher levels of renewable energy, chiefly 
wind and solar, will increase the demand for flexible grid 
resources that could be provided by EV batteries across 
the nation, but resources and needs will vary regionally. 
As shown in Figure 4, in solar-dominant California and the 
desert Southwest, solar generation can create an oversupply 
of electricity during the afternoon but does little to help 
meet peak demand during evening hours. Both Traditional 
Demand Response and Advanced Demand Response can 
help avoid exacerbating that evening peak, and the latter 
can also help absorb excess solar generation during the 
afternoon by ramping up EV charging. V2G and Battery 
Second Life (see Table 1) provide the additional benefit of 
selling excess solar energy stored during the afternoon 
back to the grid to supply peak demand during the evening 
(Energy Arbitrage). This regular pattern of excess solar 
generation during the afternoon will be most common in 
the spring and fall, when the biggest source of demand for 
electricity resources—heating or cooling of buildings—is 
at its lowest. Solar could provide as much as one-quarter of 
the regional electricity supply at these times.57

Wind energy generation often peaks during early-morning 
hours, when demand for electricity is typically at its lowest 
point because the vast majority of the population is asleep.58 
EVs can be conveniently refueled while their drivers are 
still in bed and electricity is cheap. In 2009, BMW and the 
European utility Vattenfall demonstrated the potential for 
EVs to function as a form of Advanced Demand Response 
in which overnight charging was ramped up and down to 
match variable wind generation, integrating renewable 
generation while effectively lowering the emissions of the 
vehicles.59 However, the wind does not always blow at night, 
nor does it blow every day. Such varying intervals typical 
of onshore wind generation as well as seasonal variation in 
hydropower resources are shown in Figure 4 in the Rocky 
Mountain (top right) and Pacific Northwest (bottom right) 
regions. A similar pattern is likely to emerge for the wind-
rich Midwest, South, and Northeast (counting both onshore 
and offshore generation), which also contain a sizable share 
of hydropower resources. In such regions, energy must 
often be stored for longer periods of time, requiring EV grid 
services such as Advanced Demand Response and V2G to 
be supplemented with stationary forms of energy storage, 
including Battery Second Life.

FIGURE 4: MODELED STORAGE NEEDS OF FOUR EXEMPLARY SUBREGIONS 
OF THE U.S. WESTERN GRID WITH 27 PERCENT RENEWABLES IN 2022

Note: Top line is the net generation for a 27 percent renewables scenario over a one-
month period. The bottom line is the net load. The green-shaded area represents the 
oversupply of electricity that will be wasted if it cannot be stored and used later to 
power EVs or put back onto the grid when demand for electricity peaks. That need 
for energy storage could be met with Advanced Demand Response, V2G, or Battery 
Second Life programs. 

SOLAR-DOMINATED REGIONS

WIND-DOMINATED REGIONS

(Energy and Environmental Economics, Inc., Investigating a Higher Renewables 
Portfolio Standard in California)60
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The Potential Value of Electric  
Vehicle Grid Services
The full range of EV grid support functions is already 
being demonstrated in projects that are providing 
considerable value, especially in highly remunerative but 
limited ancillary services markets. However, leadership by 
regulators and the utilities under their jurisdiction is needed 
for EVs to capture the full value of facilitating the transition 
to a grid dominated by variable renewable resources.

PG&E and BMW have partnered in a novel pilot project that 
combines Traditional Demand Response and Battery Second 
Life to provide a flexible grid resource with a capacity of 
at least 100 kW. They are offering a $1,000 incentive to 
encourage 100 EV drivers to participate in an 18-month 
pilot study. Participants could earn an additional $540 by 
responding to day-ahead requests to curtail charging during 
hours when the grid is pushed to its limits. The $540 figure 
was derived using the tool approved by the California Public 
Utilities Commission to determine the value of investments 
deferred as the result of demand response programs. If 
the response rate is not high enough to reduce demand by 
the full 100 kW, BMW will return energy to the grid from 
used EV batteries redeployed in a stationary second-life 
application to make up the balance.61 In addition, the pilot 
is meant to build a technical foundation and customer 
interface that could be used in future Advanced Demand 
Response and V2G programs. BMW is also using this real-
world test to determine whether sufficient value can be 
derived from stationary storage to justify pre-engineering 
battery packs to be easily redeployed in Battery Second Life 
applications.

In the PJM Interconnection regional wholesale market, 
which serves approximately 50 million people in the mid-
Atlantic and Midwest states, the University of Delaware and 
NRG Energy have a demonstration V2G project underway, 
in which a fleet of EVs is charged at optimal times and 
returns power to the grid to provide Frequency Regulation, 
earning annual revenues of about $1,800 per vehicle.62 By 
managing the charging and discharging of the vehicles’ 

energy, the project is able to meet the PJM minimum 
100-kW capacity required to participate in the ancillary 
services market.63 A similar V2G pilot at an Air Force base 
in Southern California, with 32 EVs that provide up to 655 
kW of power to California ISO’s ancillary services market, 
is returning annual revenues of around $2,500 per vehicle.64 
Table 2 shows per-vehicle estimates of value for pilot 
projects currently underway.

Questions remain as to the willingness of automakers to 
allow their vehicles’ batteries to be used for V2G. Likewise, 
the scalability of V2G remains to be seen. While today’s 
Frequency Regulation markets are highly remunerative, 
they could be saturated with as few as 136,000 EVs in the 
PJM market or 45,000 EVs in the California ISO region 
if one assumes V2G-enabled vehicles are able to return 
electricity to the grid at the same rate at which they 
charge using typical level 2 equipment plugged into 240-
volt outlets.69 The market for Frequency Regulation could 
double or triple as more variable solar and wind energy is 
integrated into the generation mix. Over the longer term, 
however, one-way storage is likely to emerge as the greatest 
opportunity for drivers to earn value since it allows utilities 
to call upon EVs as a “dispatchable” resource to absorb 
low-cost wind and solar, balance the grid, and improve the 
utilization of the system.70

Researchers at NREL have estimated that 100 to 152 
GW of energy storage will likely be needed to balance a 
U.S. electric grid that is based on 80 percent renewable 
resources by the year 2050.71 That need could theoretically 
be met entirely with EV batteries from as few as 10 
percent of the EVs on the road in that year.72 Stand-
alone energy storage on that scale could require an 
investment somewhere between $120 billion and $180 
billion.73 Directing even some portion of that investment 
away from capital-intensive, utility-scale projects and 
toward EV drivers to provide energy storage with the 
batteries they have already purchased could reduce the 
cost of transitioning to a cleaner grid and accelerate the 
electrification of the transportation sector.

TABLE 2: ESTIMATED VALUE OF SELECT ELECTRIC VEHICLE PILOT PROGRAMS

Project Electric Vehicle Function Market Grid Services Estimated $/
Vehicle

BMW/PG&E Pilot Traditional Demand Response California 
ISO 

Day Ahead Resource, Spinning Reserve $360 per year65

Hypothetical at 40% 
Renewable Penetration

Advanced Demand Response Retail One-way Storage (storing renewable 
energy and using to drive later)

$850 over vehicle 
lifetime66

Univ. of Delaware & 
NRG Demonstration 

V2G PJM Frequency Regulation $1,800 per year67

U.S. Dept. of Defense V2G California 
ISO

Frequency Regulation $2,520 per year68
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Realizing the environmental, consumer, and grid benefits of 
EV adoption requires regulators to move quickly to develop 
new programs and policies to accelerate the market. Based 
on experience in the major early EV markets, the necessary 
utility policies can be separated into three phases, 
introduced in Table ES-1, repeated below, and discussed in 
detail in the subsections that follow.

1. REMOVING BARRIERS TO ADOPTION, ENSURING GRID 
RELIABILITY, AND MAXIMIZING FUEL COST SAVINGS
Phase 1 removes barriers to consumer adoption, facilitates 
a competitive market for third-party charging services, 
prepares utilities to integrate EV load, and encourages 
drivers to charge in a manner that avoids adverse grid 
impacts and maximizes savings relative to gasoline. 
Example policies include:

Clarify that Electric Vehicle Charging Companies 
Will Not Be Regulated as Utilities
Regulatory treatment of independent EV charging 
companies is a fundamental issue that must be decided at 
the state level. State codes often define the term electric 
utility very broadly, potentially subjecting EV charging 
service providers to the jurisdiction of state utility 
regulators. In most instances, such companies will simply 
act as customers of utilities and will be subject to the 

terms of service, rates, and other policies adopted by state 
commissions. Sixteen states have adopted policies to make 
it clear that such companies are not subject to the full 
extent of utility regulatory authority. Policymakers should 
make it clear that companies acting as customers of utilities 
will not be regulated like public utilities, but they should 
also avoid creating sweeping exemptions that could hinder 
future efforts to ensure the environmental performance and 
integrity of the electric grid.

Inform Distribution System Planning
A fundamental tool to minimize the costs of integrating 
vehicle charging is timely utility notification when a 
customer buys an EV. In California, one of the world’s 
largest EV markets with more than 200,000 vehicles, 
costs associated with integrated EV load so far have 
been de minimis—only 0.1 percent of EVs have required 
a service line and/or distribution system upgrade.76 A 
detailed analysis of California’s distribution systems also 
reveals that, with the right policies, a mass market for EVs 
could be achieved without significant new investments.77 
However, the instantaneous demand of a single EV can be 
comparable to that of an entire home, which could result in 
local distribution system impacts if not properly managed.78 

For example, the cost of replacing a transformer on an 
emergency basis can be twice that of a planned upgrade.79 

Therefore, regulators and utilities need to know where EVs 

TABLE 3: THE THREE PHASES OF UTILITY POLICY TO ACCELERATE THE ELECTRIC VEHICLE MARKET

1.  Removing Barriers to Adoption, Ensuring Grid Reliability, and Maximizing Fuel Cost Savings

Clarify that electric vehicle charging companies will not be regulated as utilities

Inform distribution system planning

Provide consistent and fair treatment of electric vehicle load

Adopt appropriate rates to maximize fuel savings and manage charging

Target customer education and outreach programs

2.  Closing the Charging Infrastructure Gap and Promoting Equity

Utility-facilitated deployment of charging infrastructure

Increase access to electricity as transportation fuel in disadvantaged communities

Promote broader awareness through mass-market education and outreach

3.  Capturing the Value of Grid Services and Integrating Renewable Energy

Implement traditional demand response programs for electric vehicle customers

Implement advanced demand response programs for electric vehicle customers

Integrate V2G and battery second life programs into wholesale and retail markets

C. The Three Phases of Utility Policy to  
Accelerate the Electric Vehicle Market 
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are charging if they are to manage the load. Four states 
have adopted some form of notification requirements.80 
Notification is also essential to facilitate targeted customer 
outreach regarding EV rate options, policies, and programs. 
Existing utility rules generally require customers to provide 
notification whenever they add significant new load, but 
customers are often unaware of this requirement and 
contact their utility only if something goes wrong.81 Utilities 
must proactively identify EV owners. Potential sources of 
actionable information include automakers, auto dealers, 
charging equipment installers, local building permit offices, 
smart meter data, and state departments of motor vehicles 
(DMVs). Legislative changes are sometimes necessary to 
allow access to DMV data, which is the most comprehensive 
source.82

Provide Consistent and Fair Treatment  
of Electric Vehicle Load 

Utility regulators should resist calls to implement EV-
specific charges or fees. Existing utility rules are generally 
sufficient to recover costs associated with integrating 
vehicle load. There is no reason to treat EV load less 
favorably than comparably demanding loads such as hot 
tubs and air conditioners, which lack the corresponding 
environmental benefits. 

Adopt Appropriate Rates to Maximize  
Fuel Savings and Manage Charging
Generally applicable utility rates may not be well suited for 
EV load. While time-of-use rates are not always the answer, 
they are generally a good fit for EVs. These rates do double 
duty: ensuring consumers can maximize their fuel cost 
savings, and incentivizing minimal adverse grid impacts. 
Numerous surveys reveal fuel cost savings are the most 
important motivator of EV purchase decisions, as shown in 
Figure 5.83

To illustrate the potential fuel savings from driving on 
electricity to consumers accustomed to buying gasoline, the 
DOE has an online tool that translates the cost of driving 
an EV into “eGallons,” which are equivalent to the cost of 
driving a similar conventional vehicle on gasoline. On a 
national average basis, electricity costs $1.22/eGallon.85 

However, utility customers do not buy “average” electricity; 
prices can vary by utility territory, customer class, season, 
time of day, marginal consumption, and peak demand.  
Many of the nation’s largest EV markets have higher-than-
average electricity prices and rates that increase with 
marginal consumption. For example, residential customers 
in PG&E territory pay $3.31/eGallon on the default rate for 
marginal consumption above a certain threshold, whereas 
customers charging off-peak on PG&E’s EV rate pay only 
$0.97/eGallon.86 

FIGURE 5: MOST IMPORTANT REASON TO ACQUIRE AN ELECTRIC VEHICLE 
(FROM SURVEY OF 16,000 EV OWNERS)

Blue Line = maximum 
electricity demand 
across all days

Black line = median 
demand

Red line = minimum 
demand

Blue Line = maximum 
electricity demand 
across all days

Black line = median 
demand

Red line = minimum 
demand

FIGURE 6: RESIDENTIAL EV CHARGING IN DALLAS/FORT WORTH  
REGION BY TIME OF DAY

FIGURE 7: RESIDENTIAL EV CHARGING IN SAN DIEGO  
REGION BY TIME OF DAY

FIGURE 5: MOST IMPORTANT REASON
TO ACQUIRE AN ELECTRIC VEHICLE 

Vehicle Performance 5%
Supporting the
Diusion of EV Technology 5%

Increased
Energy

Independence
56%

Reducing Environmental Impacts 22%

Saving
Money on
Fuel Costs
37%

Other 3%

Carpool
Lane

Access
16%

A Desire for
Newest

Technology
5%

(Center for Sustainable Energy, California Plug-in Electric Vehicle Owner Survey 
Dashboard)84

(The EV Project, 2013)88

(The EV Project, 2013)89
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Time-of-use rates are also an important tool to encourage 
drivers to charge during off-peak hours when the electricity 
grid has spare capacity. Without a price signal, drivers will 
generally plug in and charge immediately upon arriving 
home after work, exacerbating system-wide evening peak 
demand, as shown in Figure 6 for the Dallas/Fort Worth 
area. This stands in marked contrast to the charging pattern 
of EV drivers in San Diego (Figure 7), who meet 80 percent 
of their refueling needs during the “super-off-peak” period 
from midnight to 5 a.m. on SDG&E’s time-of-use rate. Were 
EVs in Dallas on similar rates, instead of exacerbating peak 
demand and driving the need for additional investments, 
they would be charging while their drivers are asleep and 
when Texas’ considerable wind generation is often at peak 
production.87

Target Customer Education and  
Outreach Programs
At a minimum, utilities should prepare their customer 
service agents and modify their websites to answer common 
questions from new or prospective EV owners regarding 
home charger installation, availability of public charging, 
benefits of off-peak charging, fuel cost savings on applicable 
rates, and other issues. This can help ensure grid safety and 
reliability, and promote a positive consumer experience in 
the early market. However, a more proactive approach is 
needed to avoid adverse grid impacts and maximize fuel cost 
savings that motivate EV purchase decisions.

Even in California, where utilities have been very active 
with respect to vehicle electrification, the majority of 
customers remain unaware of the potential savings of 
switching to time-of-use rates. Utilities should identify and 
reach out to customers who would benefit financially by 
switching to more appropriate rates. Rate options and other 
programs for EV customers must be coupled with targeted 
customer education and outreach. 

2. CLOSING THE CHARGING INFRASTRUCTURE  
GAP AND PROMOTING EQUITY
Phase 2 focuses on robust policies and programs that can 
accelerate the EV market and increase access to electricity 
as a transportation fuel. Example policies include:

Utility-Facilitated Deployment of Charging 
Infrastructure
As noted in Section B, the lack of access to charging 
infrastructure remains a significant obstacle to widespread 
EV adoption. Electric utilities are singularly positioned to 
close the charging infrastructure gap by capturing the value 
of additional grid services and increased revenues from 
system-wide charging. Utility involvement is also necessary 
to ensure that the charging network is expanded in a manner 
that supports the grid to the benefit of all customers.

Utility leadership is especially needed in the 10 states that 
have adopted zero-emissions vehicle (ZEV) programs in 
order to meet federal air quality standards. Combined, they 
require about 3.3 million ZEVs by 2025, which will require a 
comprehensive charging network where drivers live, work, 
and play. 

Utilities are beginning to move forward with infrastructure 
investments. A recent decision issued by the California 
Public Utilities Commission (CPUC) found agreement among 
charging companies, automakers, utilities, and nonprofit 
organizations that “utilities should have an expanded role 
in EV infrastructure support and development in order to 
realize the potential benefits of widespread EV adoption.”90

This decision allowed the CPUC to evaluate separate 
applications submitted by SDG&E, SCE, and PG&E to install 
more than 60,000 charging stations at public, workplace, 
and multiunit residential locations. In January 2016, the 
CPUC approved a modified version of the SDG&E proposal 
and the first phase of the SCE proposal. In March 2016, a 
widely supported settlement agreement was proposed in 
the PG&E proceeding, building on the guidance provided 
by the CPUC in its decisions approving the SCE and 
SDG&E programs.91 Meanwhile, the Washington Utilities 
and Transportation Commission approved a $3 million EV 
infrastructure deployment pilot proposed by Avista, which 
serves rural areas in the eastern Washington and northern 
Idaho. Kansas City Power and Light is also investing $20 
million to install more than 1,000 public and workplace 
charging stations, and Georgia Power and Light has a $12 
million “Get Current. Drive Electric” charging program 
to install 60 public charging stations with both DC fast 
chargers and Level 2 stations. Utilities in other states 
have taken notice; the majority of respondents to a recent 
survey of utility professionals across the nation stated their 
utilities are pursuing EV infrastructure deployment as a 
new and emerging revenue stream.92

Increase Access to Electricity as Transportation 
Fuel in Disadvantaged Communities
To increase access to electricity as a transportation fuel 
in communities with the greatest need for cleaner air and 
lower fuel bills, utilities can target charging infrastructure 
investments in low-income communities and communities of 
color. Communities of color represent the fastest-growing 
consumer segment in America, and their buying power 
will be critical in using EVs to meet long-term air quality 
standards and GHG emission reduction targets.93 As noted 
in the Greenlining Institute’s 2011 report “Electric Vehicles: 
Who’s Left Stranded?” communities of color are more 
concerned about air pollution, making them a natural but 
largely untapped market for ZEVs.94 The SDG&E and SCE 
programs approved by the CPUC both include requirements 
to deploy at least 10 percent of charging stations in 
“disadvantaged communities,” as identified by the California 
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Environmental Protection Agency’s CalEnviroScreen 2.0, 
which scores census tracts using 12 types of pollution and 
environmental factors and seven population characteristics 
and socioeconomic factors.95 The settlement proposed 
in the PG&E proceeding requires that at least 15 percent 
of the charging stations be deployed in disadvantaged 
communities, with a stretch goal of 20 percent, and also 
sets aside $5 million for additional equity programs in those 
communities.

Promote Broader Awareness through  
Mass-Market Education and Outreach
To expand the EV market, a general lack of consumer 
awareness must be overcome and common misperceptions, 
often fueled by misleading press coverage, must be 
corrected.96 Consumers in the market for a new car need to 
be educated about the benefits of vehicle electrification and 
applicable utility rates, incentives, and programs. Utilities 
are better positioned to conduct this type of broad customer 
education effort than individual automakers seeking to 
promote specific vehicles, or charging service providers 
seeking to promote specific business models.

3. CAPTURING THE VALUE OF GRID SERVICES  
AND INTEGRATING RENEWABLE ENERGY
Phase 3 leverages the growing customer investment in EV 
batteries to provide valuable grid services that can facilitate 
the integration of renewable energy, and return the value 
of such services to EV drivers to further accelerate the 
market. Example policies include:

Implement Traditional Demand Response 
Programs for Electric Vehicle Customers
Traditional Demand Response programs that either curtail 
or reduce the rate of charging can provide value to both the 
grid and EV drivers without compromising transportation 
needs. Such programs can be deployed today with readily 
available technology. As noted in Section B(4), PG&E 
and BMW are demonstrating this functionality in the San 
Francisco Bay Area, but they are not alone. Pepco (a utility 
serving Maryland and the District of Columbia), Eversource 
(a utility serving the Northeast), and SCE have all launched 
pilot programs to test EV charging as a form of Traditional 
Demand Response.97

Implement Advanced Demand Response 
Programs for Electric Vehicle Customers
Advanced Demand Response programs not only curtail 
or reduce EV charging when necessary, but turn on and 
ramp up charging to absorb excess renewable generation. 
Although EV Advanced Demand Response does not feed 
power back to the grid, it is a form of energy storage 
that takes power off the grid for use at a later time (like 

ice storage used for cooling needs), and it should not be 
excluded from energy storage procurement mandates. 
Rather, it should be valued for the services it provides.

SDG&E’s charging infrastructure deployment program, 
recently approved by the CPUC, includes a price-based form 
of Advanced Demand Response that aggregates EV charging 
load by deploying banks of grid-integrated charging stations 
at multiunit dwellings and workplaces. It is partially meant 
to test EV Advanced Demand Response as a form of energy 
storage. Participating customers charge on a real-time rate 
that reflects hourly wholesale market prices and are billed 
on their normal home energy bill. Customers can actively 
manage their charging by providing basic parameters (e.g., 
when they want the vehicle to be fully charged) or allow 
the system to minimize costs by absorbing cheap electricity 
(e.g., excess solar in the afternoon or excess wind at night) 
and avoiding expensive electricity during evening peak 
hours.

In the future, leveraging the “smarts” and communications 
capabilities embedded in EVs themselves may prove a cost-
effective solution for Advanced Demand Response. The 
Electric Power Research Institute, utilities, and automakers 
are developing an Open Vehicle Grid Integration Platform 
that uses non-proprietary communications protocols and 
takes advantage of the connectivity in vehicles to manage 
EV load in response to grid conditions.98

Integrate V2G and Battery Second Life  
Programs into Wholesale and Retail Markets
As noted in Section B(4), leveraging EV drivers’ sunk 
investment in advanced batteries to provide energy 
storage that both absorbs excess renewable generation 
and feeds electricity back to the grid during hours of peak 
demand could reduce the cost of integrating wind and 
solar resources and accelerate the EV market. However, 
if utilities, automakers, and other relevant parties do 
not act now to demonstrate V2G and Battery Second 
Life programs at scale, the opportunity could be lost. 
Significant investments in large-scale energy storage 
projects are already being made.99 Grid operators, utilities, 
and regulators should prioritize V2G and Battery Second 
Life programs because they could provide value to utility 
customers that would otherwise go to private interests and 
prove more cost-effective by leveraging sunk investments. 
They also have a unique potential to simultaneously reduce 
emissions in the electricity and transportation sectors.
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consistently triple their efficiency savings, reducing bills 
for all customers.100 But removing disincentives does not go 
far enough. Regulators should consider performance-based 
earnings opportunities to encourage utilities to accelerate 
transportation electrification in a manner that supports 
the grid and facilitates the integration of renewable 
energy, in addition to the three phases of utility EV market 
acceleration policy outlined in Section C.

While they are generally aware of the potential benefits 
associated with widespread transportation electrification, 
many utility executives remain focused on other, short-term 
issues that go straight to today’s bottom line. Consequently, 
even in utilities with robust transportation programs, EVs 
remain a secondary priority. Funding for transportation 
teams can be erratic and is often dependent on the 
particular interests of company executives. Regulatory 
incentives should be realigned to ensure that the most 
profitable option for utility shareholders minimizes adverse 
system impacts, facilitates the integration of renewable 
generation, and maximizes system benefits and consumer 
savings relative to gasoline. This would provide a clear and 
durable signal to utility leadership to accelerate the pace of 
transportation electrification.

With more than 450,000 modern EVs in the United States 
alone, policymakers and utilities need not rely upon 
conjecture to place transportation electrification on the 
right path to meet air quality, climate, and equity goals while 
supporting the grid and facilitating progress toward other 
clean energy goals. If regulators and the utilities under 
their jurisdiction fail to take timely action, the expansion 
of the EV market could stall and EV charging could strain 
the grid, necessitating otherwise avoidable costs. However, 
with the right policies and programs, utilities could provide 
widespread benefits to all customers, reduce exposure to 
dangerous air pollution and the worst effects of climate 
change, and provide consumers with a viable alternative to 
the volatile world oil market.

Regulatory directives will be crucial to this effort, but 
simply commanding utilities to do the right thing is 
not always sufficient; the utility business model for 
transportation electrification should be aligned with 
societal interests. This has been proved repeatedly with 
respect to energy efficiency; states in which regulators 
have decoupled the recovery of authorized expenditures 
from actual volume of electricity sales in order to remove 
the disincentive for utility investments in energy efficiency 

Conclusion 
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